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between a sensing device and a computer system inclndes first
and second communications modules and a processor. Thé first
communications module receives first indicating data transmitted
from the sensing device in a first format, The indicating data is
sensed by the sensing device when it is placed into an operative
position in relation to first coded data forming part of a first interface
disposed on a first surface. In particular, the indicating data includes
a first region identity indicative of an identity of a region associated
with the first intesface. The processor is configured to generate
second indicating data based on the first indicating data. The second
communications module then transmits the second indicating data
1 in'a second format to the computer system.
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RELAY DEVICE

FIELD OF INVENTION
The present invention relates to a relay device for pmvidi.ng communication benween a sensing device and a
compuler system.
The invention has been developed primarily to allow communication between a seasing device sensing
information from an interface surface and a remote computer syélem. However, although the invention wilt largely be
described herein with reference to this use. it will be appreciated that the invention is not limited to use in this field.

CO-PENDING APPLICATIONS
Varios methods. systcms and apparatus relating to the prescnt invention are disclosed in the followmg co-
pending applications filed by the applicant or assignee of the present mv_miion simultaneously with the present
application:
PCT/AU00/00518. PCT/AU00/00519. PCT/AU00/00520, PCT/AUGINNS2], PCT/AUOM00522,
PCT/AUD0/00523, PCT/AU00/00524. PCT/AUG/00525, PCT/AU0DM0526. PCT/AUNN/00527,
PCT/AUO0/00528, PCT/AU00/00529. PCT/AUM0/00530. PCT/ALIN0/00531. PCT/IAUDN00532,

. PCT/AU00/00333, PCT/AUG0/00534. PCT/AU0000535, PCT/AUON00536. PCT/ALION0053T,
PCT/IAUDD/C0538, PCT/AUD0/00539, PCTIAUOOIWMO, PCT/AUDVD0341. PCT/AUOND0S42,
PCT/AU00/00543, PCT/AUD0/00544, PCT/AUON00545, PCT/AUONV00S47, PCT/AUQ0/00546,
PCT/AU00/00554, PCT/AU00/00556, PCT/AU0MOSS7, PCT/AUO00SSS, PCTIAU00/00SS9,
PCT/AU00/00560, PCT/AU00/00561, PCT/AU0000563, PCT/AUOM00564, PCT/AUDD0565,
PCT/AUOND0566, PCT/AUD0/00567, PCT/AUV0000568, PCT/AUN0/00569, PCT/AUBNN0ST0,
PCT/AU00/00571, PCT/AUN0572, PCT/AU00/00573, PCT/AUDOO00574, PCT/AUDO00575,

- s e PCTIAUOOR05 76 - PCTIAUON/00577:- PCT/AUOM00578 ;- PGT/AUD00ST9,- PCT/AUQ0N0S8E - - -

PCT/AUO/00580, PCT/AUD0/00582, PCT/AUOMD0SE7, PCT/AUOO/0588, PCT/AU00/00589,
PCT/AUO0/00583, PCT/AU00/00593. PCT/AUG0/00590, PCT/AUO0/00S91. PCT/AUDG00592,
PCT/AUDO/00594. PCT/AU00/00595, PCT/AUOMD0596, PCT/AU00N0597. PCT/AUO0/0598,
PCT/AUO0/00516. and PCT/AU00/0051 7.

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

BACKGROUND )

_ Presently, -a user of a computer system typically interacts with the system using a monitot for digplaying
information and.8 keyboard and/or mousc for inputiing information. Whilst such an intesface is powerful, it is refatively
bulky and non-portable. lnfomalion printed on papct can be easier to read and mon: portable than information displayed '
on a computer monitor. Howeva-, unhlce a kcyooard OF MOuse, 4 pen on papcr gcncmlly lacks the ablllty to interact with
computct soﬂwc '

— © SUMMARY OF INVENTION. | .
Accordmg to the jovention; there is provided & fIay device for ﬁ\"rﬁu{g’ Eo?ﬁmuniwlon buween a scnsmg

devicc and a computer syslmt; ﬂu;_rclay device including:

a first communications module for receiving first indicating data transmittcd from the sensing device in a first

fermat. the indicating-data being sensed by the sensing device when it is placed into an operative position in relation to
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first coded data forming part of a first interface disposed on a first surface. the indicating data including a first region
identity indicative of an identity of a region associated with the first interface:

a processor configured to generale second mdwmmg data based on the first indicating data: and

2 seccond communications module for trans}:mmg the sccond indicating data in a second format to the
computer system.

Preferably. the base station :ncludqsa printer.

Ina preferred form, the second format is a cellular-communications network protocol, such as PHS, GSM.
GPRS, or WCDMA

Preferably. the sccond corrunumcmon modulc includes. a recciver for receiving response data transmitied
from the computer system. the response data bcmg identified by the ﬁ:st region identity,

R T
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In a particularly preferred form. the printer includes a printing mechanism. the prinier being configured 1o:
receive the response data from the computer system;
generate & second interface based at least partially on the response data: and
print the second interface onto a second surface using the printing mechanism.

5 Preferably, the response datz includes a second region identity indicative of the identity of 2 second region
associated with the second interface. the pﬁntcr including a coded dala generator configured to generate second coded
daiaindicative of the second region identity, the second interface incorporating the second coded data.

1n one embodiment, the interface includes visible information in addition to the coded data, the visible
information being based at least partially on the response dats. More preferably. the printer is configured to print the
10 second interface onto the second surface such that coded data is not substantially visible to 2n unaided human. Preferably,
this is achieved by printing with infrared absorptive ink.
Preferably, the second coded data:includes at least one tag. each tag being indicative of the second region
identity. .
In a preferred form. each of the tags includes:
15 first identity data defining a relative pasition of that 1ag; and
second identity data identifying the region.
In a particulasly preferred form, the relay device takes the form of a celiular telephone.
Preferably, the printer includes a pagc-mdlh printhead that includes electro-thermal bend actuators 10-eject
the ink onto the surface. More preferably, the printhead includes moving nozzic chambers.
20 Further objects and advantages of the invention will be apparent from the detailed description that follows. -
BRIEF DESCRIPTION OF DRAWINGS
Preferted and other embodiments ot‘ the invention will now be dacnbed. by way of non-limiting example
only.wmlreferenoelomemnmymgdnwmgs.mwhidt. :
Figure 1 is & schematic of a the relationship berween a sample printed netpage and its onlme pagedmnpnon.

25 Egmel:sasdwmaﬂcwcwofammmbuwmanapagepen 1.netpage printer, 2 netpage page server, and a
netpage application server;

ﬁmhllusmmaoo!hcﬂonolnemagemmdmmnmdﬁumk
ﬁgmhsucbcnnucvwwo!’alﬁsh-lmlmmofapﬂnwdnupageanduso:ﬁmepagcdumpnon
Figure 5 is n plan view showing a struciure of a netpage tag:

30 Figm'ehnplanviewﬂnowmguelationslupbenmasetofdnhgsdwwnmﬁmSmdaﬁeldot‘vlcwofanctpagc
sensing device in the form of a netpage pen; i :
Fm?u:ﬂowdlmofauglmgepmeusinganddwodmgalgmlhm.

——

Flgums1sapuspecdvewewofanetpag=penmdmmodnedugmngﬁeld-of-mm, L

: Figme9nsapmpeeuvenplodedmwofmenapagcpenshowninﬁgure8 CRES iy
35 ﬁgmmnsamwcblmmofammmlhfmmmmmwnmﬁgmtsmdo
ﬁgmt]llsaperspecuwwewofamlltmounled‘mtpagepnmm . T e T
ﬁgmuuammonlhroughmclmgthoﬂhenwpﬁnwofﬁgwell I :
Figure 12aisan enlamed portion of Figtire 12 showing a section of the duplexed print engmes and giuc wheel assembly.
.Figure 13 is a detailed view of the mkunmdge.dnk:anandglue pﬂhs. and print engines oftheutpage printer'of Figurcs
40  1landi; TR R
Figure 14 is a schematic block diagram of a primcr controller for the netpage printer shown i in Figum 11 and 12;
Figure 15 is a schematic block disgram of duplexed print engine controllers and M_emjet“‘ printheads associated with the

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

[ *
1

vt 1
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Figuse 17 is a perspective view of a single Memjet™ printing element. as used in, for example, the netpage printer of

Figures 1610 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 illustrating the operating cycle of the Memjet™ printing clement shown in

Figure 13;

Figure 20 is a perspective view of 2 short scgment of a pagewidth Memjet™ printhead;

Figure 21 is 2 schematic view of a usér class diagram;

Figure 22 is a scheraatic view of & printer class diagram;

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

Figure 24 is & schematic view of an application class diagram; s
~Figure 235 is a schematic view of a document and page description class diagram;
Figure 26 is » schematic view of & document and page ownership class diagram;.
Figure 27 is a schematic view of a terminal element specialization class diagram;
Hgmczaisudm&cviewofastaﬁcclcmemspcciaﬁuﬁonclmdim
Figure 29 is a schematic view of a hyperlink element class disgrans:

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

Figure 32 is a scheimatic vicw of a form class diagram;

Figure 33 is 2 schematic view of a digital ink class diagram;
Figure 34 is a schematic view of a field element specialization class diagram;
Figare 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 signarure field class didgram;

 Figure 38 isa flowchart of an input processing algorithm; -~ S

Hgnreﬂhlstdaliled mmofmmpofﬂwﬂowchmofﬁglm 38
Bgure39 is a schematic view of a page server command element class disgram:
Figure 40 is & schematic; view of & resourcs description class diagram; - -
Figure 4] is a schematic view of a favorites list class diagram;
Figure 42 is a schematic view of a history list class diagmm; .+ -

- Figure 43 is a schematic view.of a subscriplion delivery protocol;
Figure 44 is a schematic view of a hyperlink request class diagram;
Figure 45 is :Z::: view of a hyperlink activation protocot; . .
Figure 46 1s view of 2 form submission protocol;-

e ﬁmﬂisuch:mc v:ewohoommssaon payment protocol;

a5

40

ﬁgmlsuaﬂowd:mofdoamxmptminginanapageprhtm

Figmtwlsudwmﬁcwcworasetofndia! wedgamﬂngupuymbol T

ﬁgmwnsasdnmcwcw oi‘armgAanstymbowlomon scheme; |
ﬁzun:Sl uaﬁchumﬂcmofaﬁmnngcmosymbolalloaﬁonsdm

- Figure:52 s schemaﬂc view ofuemndnngc and D symbol nllocauon scheéme;~ -

Figure 53 is 2 snmple exploded view of the wallprinter;
Figure 54 is an exploded view of the ink cartridge;

Figure 55 is a pair of three-quarter views of the ink canridge;
Figure 56 is a three-quarter view of a single ink bladder;
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Figures 57a and 57b are latera) and longitudina) sections through the ink canridge:
Figure 58 is a front three-quarter view of the open media tray;
Figure 59 is a front three-quarter view of the clectrical system of the printer;
Figure 60 is a rear three-quarter view of the clectrical system;
Figure 61 is a front three-quarter view of the wallprinter with the lower front cover removed:
Figure 62 i isa section through the binder assembly;

. Figure 63isa rear three-quarter view of the open glue whee) assembly;

ﬁgme“islseeuontluoughthebludmgassemb!ymdtheexithmch
ﬁgum 65 is a three-dimensional view of an interface module; '
Figm 66is 2n exploded view of an interface module;
Flglm:é‘? 1salopﬂuu-qumervsewofmemdxauay~md
ﬁgute68 ulmonﬂuoughﬂlewppanofﬂwmnm

DETAILED DESCRIPTION OF PREFERRED AND OTHER' EMBODIHENTS
Note: Memjet™ is a trade mark of Silverbrook Research Pry Lid. Austialie.

" In the preferred embodiment, the invention is configured 16 work with the netpage networked computer
synem. a dcul]ed overview of which follows. It will be appreciated that not ‘every implementation will necessarily
embody all or even most of the specific details and extenstons discussed below in refation to the basic system. However,
the system is described in its mosteomplcle form to reduce the need l‘onxlunalrefmnccwhcnanempungto understand

jd\eoontcxlmwhldnhcprefermd embodiments andaspedsot‘lhepmhvenuon Gperate.

ol brief summary, the preferred form of the netpage system cmploys a computer interface in the form of a
mpped sm{acc. that is, a physical surface which contains references to a map of the ‘surface maintained in a computer
system. 'l'hc map “references can be queried by an appropmtc sensms dev:i:e. Depending upon the specific
wmle:mnlanon.mcmapmfmmmybc enoodedmblyormmibly.md et in Sich a way that a Jocal query on

 the mapped sur!‘ane yields an tmamhuguous map réfercrice both Withisi the ln:p‘mi imung'diﬂ'mt mzps. The computer

symmmmnmnmrmmnbomramson:ﬁémappedmmmm:mbemwedbmdm

N B S )
. ‘nnpfn;f'gi supphedbyasmﬁngdcwceusedmdlﬁwmappedsmfmminfmmouﬂmsmvedmlakz!he
R 4 _gl; o
.  hmo{{’?u:;swhmmhnmbymzmmmmwbehmonhe“mmmponsetoﬂleoperators
: Mac&onvdthlhcsmfmcfmm ' " S M E R

Sy '%‘Hiﬁi" o

" user bo ;pl?s:&my. on the printed
407 ‘S "““1?.’2 exam  “Re

Y R R

ln'uspmfa-redl‘omu. memummMMMofw}um:mmeiﬂLw
Mmpaguoftexugraplﬂﬁmdfmgupdmedénm’dinarypaper b\n‘vﬂﬁdiamlikcimuﬂvcwebpagu

Infw%(‘:; vis encoded on cach_page using ink which is wbsbnnﬂly m\ri's!bﬁ’lo"llﬁ’imﬂded human cye. The ink,

bowev"f”.}'.&umwy“ 1 "'beunsedhyaﬂopﬁwlyimmn&" B
"' it

e

mepncfened toma&i & buitons 2nd | yﬁ&hnubﬁ"&h&#&ﬁ*ﬁ‘ﬂ:&édﬂm%mmmm
_infomaﬁonfrommenetwkormngna!mmm‘hww{’m";ﬁwmmtmmbymxﬂma

example shows i “Re'qucs _ ¢
consi;ts of gmphlc dua 2 pnmed usmg visible ink. and eoded data 3 pnnwd a3 eb'llecuon of ugs 4 usmg invisible ink.
The conespondmg page desmpuon s, stomd on the netpage hetwork. describes the individiial élements of the netpage. In
panicnlar it descnbes the lypc and spatial extent {Zone) of cach interactive elemént “(i.e. text field or button in the

' cnmple) to llow the netpage system to correctly interpret input via the netpage. The submit button 6, for example, has a

SRE =13

e
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zone 7 which corresponds 1o the spatial extent of the corresponding graphic 8.

As illustrated in Figure 2, the netpage pen, 101, a preferred form of which is shown in Figures § and 9 and
described in more detail below, works in conjunction with a netpage printer 601. an Intemet-connected printing appliance
for home, office or mobile use. The pen is wireless and communicates securely with the netpage printer via a shon-range
radio link 9.

The netpage printer 801, a preferred form of which is shown in Figures 11 10 13 and described in more detail
below, is able to deliver, periodically or on demand, personalized newspapers, magazines, catalogs, brochurcs 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 momning news is fn:lwnsmd.suchas
inauser’ sbtd\en.ncarabrukfastub!c. or near the houschold's pomtofdepamm for the day. llalsocomes mubletop
deskiop, portable and mipisture vmams

Netpages printed at their:point of consumption coninncthecm-of—uscofpaperwimmeﬁmehmmd
interactivity of an interactive medium. ...

Asshowninﬁgmez.uwmtpagepen 101 interacts wilhtheeodeddauonnpﬁnwdmtpage 1 and
communicatss. via  shont-range radio link 9, the interaction to a netpage prinier. The printer 601 senddthe interaction to
the relevant netpage page server 10 for interpretation. Jn appmp_nae circumstances. the page server sends a comresponding
message to application computer software running On a netpage applicaiion server 13. The application server may in tumn
send a response which is printed on the originating printer. -

The netpage system is made mnaduably more convenient in the preferred embodiment by being used in
conjunction with: high-speed microelecromechanical system (MEMS) based inkjet (Memjet™) printers. In the preferred
forra of this technology, relatively high-speed and high-quality printing is mads more affordable to consumers. In its
preferred form, a netpage publication has the physical characteristics of a traditiona) newsmagazine, such as a set of letier-
size glossy pages peinted in full colorop bo;h sides, houud mgedxcr for easy nawganou :nd comfortable hmdhng.

'l‘he netpage printer upluits lhe growing avalhbl,lny of broadband lnl:mu mess Cable servioc is available

Sfm in the
Mablgw m,ol‘ thesc. The

wme

ammghuemwmopnem'ﬂowlymwiumuefmbelmmwleﬁom-mmsmorm In

oﬁumﬂnmemqhoﬂodonammmn lnsullod;erembodnmum.ﬁwnemesynemrs

hostedqumglemmputaoroom—eubleddmoe.m:hsamm
.Netgaxcpnbhmmmuonmem?etwkmconﬁgmedmdchmmnt—qualﬂywwwmsm

neqnggpgnggs,l’qmdwd publmlions g;e d;livmd mwmﬂmllylosubsm’bll}gnqpaaewimers mpolmastingand
.,Amwmnunbe

i wmwonm ynumbﬂofmlndlpmwnwmkudthmynuuﬁetof

7 _": Tt TRy
netpagqpmgs,gnlhepefemd g Bﬁ%"ﬁ{%&f"mm‘%m w&u;x‘vl\honscholdmawha\ma

collecﬁon of.pglored netpage pens, °¥'Fg wgned 0 qchm ob of the &nﬂgpm‘ﬂ!n:vs cach user to mmain a
dminm profile wnh respect Lo 8 Detpage: publication server or apphmon server.
S Awmgepmmdmbemnuedmmammwgsmonmllnndlinkedmoneormorepaymu

to anthenticate the user” sidenmywane—commem server. Other biometrics can also beused 10 verify 1denuw A version
of the netpage pen includes fingerprint scanning, vcnﬁed ina similar way by the napage reg:smuon server.
Although a neipage printer may deliver periodicals such as the mormng newspaper without user intervention,

-it-¢can be configured never to deliver unsolicited junk mail, fn its preferred form. it only delivers periodicals from

\,,r;}

w
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subsetibed or otherwise authorized sources. In this respect. the netpage printer is unlike a fax machine or e-mai) acegunt
which is visible 1o any.junk mailer who knows the 1elephone number or email address.
1 NEYPAGE SYSTEM ARCHITECTURE

Each object model in the system is described using a Unified Modeling Language (UML) class diagram. A
class diagram consists of & 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 befween objects. i.c. between
instances of classes, A generalization relates acwual classes, and can be understood in the following way: if & class is
thought of as the set of all-abjects of that class. and class A is a generalization of class B, dhen B is simply a subset of A.
The UML does not directly supporn second-order modelling - i.c. classes of classes..

Each class is drawn as & rectangle iabelled with the name of the class. It concains a list of the attributes of the
class, separated from the name by a horizontal line, apd a list of the operations of theaclass; separated from the anribune
Hst by a horizontal line. In the class dizgrams which follow. however, operations are never modelied.

An mssociation is drawn as a line joining two classes. optionally labelled at either end with the multiplicity of
the association. The-default- maltiplicity is one. An asterisk (*) indicates a multiplicity of “many™, i.e. 2ero or more. Each
associstion is optionally labelled with its name, and is also optionally labelled at cither end rwllh“u\e role of the
correspomding class. An open diamond indicates an aggregation association (“is-par-ol™), and is drawn af the aggregator
end of the association line.

A generslization relationship (“is-a") is drawn as 2 solid line joining two classes. with an amrow (in the form
of an open mriangle) at the generalization end.

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

1.1 NETPAGES
Netpages are the foundation on which a-netpage network :sbm!t.’l‘heymwdeapaper—buedmermwﬁce

Anupageconsists of a pnnled pa,gc (or other surface region) invisibly ngged with refermces tom online
description of the page. The online page description is maintained persisténtly byanetppge page servir.: The page
description describes she visible layout and content of the page, including text, graphics and images: It also descsibes the
input clements on the page, including buttons, hyperdinks, and input fields.. A netpage allows, markings made with 2

) '_mmmnumfmwbﬁmnwlymmmwwﬂwwwm .

_ Mnluplenctpa,gucmshmtdlcmpa@edesmpdon However, toallowmpmtlmshoﬂmwiseldumul

pa,gcs-m' be distinguished, qch petpage is assigned aunlque page. identifier. This page 1D has suﬂ';qem precision to

dlsﬂngunhbummnerylugemmbcrofnewes _ S TR .
7 Eadnrefgrencetorthepagedmpumlscneodedmapdntedlag.'metagtdwqﬁumemnqnepageon
whchllmaﬂﬁmbrmreulyldamﬁunnmedcsgnpum mcmgdsoldenuﬁesusownposuipnonme

Kk

page.dummmcsofm? "uedesaibedmmomdcwlbelow P

Cals

Tags ar _pn__l.egi} n mfrmd-absoxpuvc mk;,_ 30! bsuatz wluqh is m&ggq-r,cgefuvp. such as ordinary

'--."""h,

] ‘ :papcr N&-infrared mvclmmsminvmb!c to lhehumin eye. but arenslly sensed !ya;olgd-sme lmagesmsorwuh
| mappropriate fer, |

LE S

A!agissénsedbymlrcalmageunsormmenqpagepen andﬂle;agdamisuansuﬁnodtolhenctpage
sysiein via the nearest netpage pnmer ‘The pen is wireless and conunumw.cs wnluhe netpage ppmer via a shon-range
radio link. Tags are sufficiently small and denseiy arranged that the pen can reliably image at !cast onc lag even on &
smglecllckonu\c page. It is important that the pen recognize the page ID and position on every interaction with the page,
since the interaction is stateless. Tags are emor-correctably encoded to ake them pénialiy tolerant to surface damage.

The ncipage page server maintains a unique page instance for each printed netpage, allowing it to maintain a
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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 js associated with both the net;')age printer which printed it and. if known, the netpage user who
requested it.
12 NETPAGE TAGS
121 Tag Data Content

In a preferred form. each tag 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 to the 1ag. One or more flag bits may, for
example. signal a lag sensing device o provide feedback indicative of 2 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, illuminate

- an “active area” LED when in the zone of a hyperlink..

18

20 -

As will be more clearly explained below; in-a preferred embodiment. tach tag contains sn easily recognized
invarianl structure which aids initial detection, and-which assists in minimizing the effect of any warp induced by the
surfact or by the sensing process. The tags prefersbly tite the entire page, nu!mmfﬁcimﬁysmallmd_dumlymnged
that the pen can reliably image at least one tag even an a single click on the page. It is important that the pen recognize the
page ID and position on every intezaction with the page, since the interaction is stateless.

In a preferred embodiment, the region 1 which a tag refers coincides with an entire page. and the region ID
encoded in the 1ag is therefore synonymous with the page [D of the page on which the tag appears. In other embodiments,
the region to which a tag refers can be an arbinadr subregion of a page or other surface. For example, it can coincide with
the zone of an interactive cl@mcnt.mwludlaseﬂwtcgmn ID can directly identify the interactive element.

Tabie 1 - Tag data

Field Preds}on (bits)

on ID- poo - o
Tag 1D 16

. Frotal - — 201 )}

.. _—
- - ._‘ it Py .
L 4 e i P B N E L LBrag e

[ R u-;,, - B o R

Eachtaseomal‘r@lzo bits of inforration, typiwlyallowedauhownm‘rablel Atsuming & maximum tag
dcnshyorupcrsqumﬁd;NG-bitngIprpomamglonsiuofupw lmsqmremdm.l.ugamponsmbe

" thapped continuously Withofir t‘rnming the tag 1D’ preclsica’ simply by using abutcing regions and maps The 100-bit
‘fegion'ID allows 3 (- 16™ %t # million trillion illion) diﬁcrem n:glohs be uniqucly menﬁﬁed.

1.2.2 Tag Data Encoding

30

NI E TN A

: "maximismg the Tikélitobd Tl ihé Buirst error can be fuﬂ?a&r&ﬁi R
123 Physieal Tag' Suucnue -

-eibded biis consisting o G‘WM 15 4 Wbﬁdl. The

The ‘150616 oF g aial are sodundaiily Rodded ?usmg a018. 5 RecdSotomon oode This yiclds 360
"(15 E)Obdeallbwsupl’OSsyni)oletrorstobc

ofthcs:x codewords
spa;fhﬁy adjacent bits)
5. B0 ja

damages a minimum number o!‘ symbols overall and a mmimum aumber ot' :ynbols in an)- 'one eodew:'ml. thus

Teovise Wl ol

[MF 3.

Thephysicalrcptmnanmofmcug showanigms mcludcsﬁxedwge:su‘uctures 15, 16, 17 and
‘variable dala areas 18, The fixed target structires allow a sensing device such 5 the netpage pen to datect the tag and
infer its three-dimensional oriemation relative to the sensor. Thé data areas contzin representations of the individual bits
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of the encoded tag data.
To achieve proper tag reproduction. the yag is rendered at a resolution of 256x256 dots. When printed a1 1600
dots per inch this yields a tag with a diameter of about 4 mm. At this resolution the tag is designed to be surrounded by a
“quict arca™ of radius 16 dots. Since the quiet area is also contributed by adjacent tags, iL only adds 16 dots to the effective
5  diameterof thetag. _
The tag includes six targer structures. A detection ring 15 allows the sensing device to initially detect the tag.
The ring is easy to detect because it is rowationally invariant and because a simple correction of its aspect ratio removes
most of the effects of perspective distortion. An orieniation axis 16 allows the sensing device to determine the
approximate planar oricntation of the tag due to the yaw of the sensor. The orientation axis is skewed to yield a unique
10  orientation. Four perspective wargets 17 allow the sensing device. to infer an accurate two-dimensional perspective
transforin of the tag end hence an accurate three-dimensional position and orieniation of the 1ag relative to the sensor:
All target structures sre redundantly large to.improve their immunity (0 noisc.
The overall tag shape is circular. This supports, amongst other things. optimal tag packing on an irregular
triangular grid. In combination with the circular detection ring 13, this makes a circular arrangement o_f data bits within
15 the tag optimal. As shown in Figure 48, to maximise its size, each daia bit is represented by a radial wedge 510 in the
form of an area bounded by two radial lines 512, a radially inner arc 514 and a radislly outer arc 516. Each wedge 510 has
a minisoum dimension of 8 dots at 1600 dpi and is designed so that its base (i.c. its inner arc 514), is at least equal to this
minimum dimension. The mdial height of the wedge 510 is always equal to the minimum dimension. Each 4-bit daia
symbol is representied by an array 518 of 2>2 wedges 510, as best shown in Figure 48.
2_0 The 15 4-bit data symbols of each of the six codewords are allocaled 10 the four concentric symbol rings 18a
to 12d, shown in Figure 5. in interleaved fashion as shown in Figures 49 to 51. Symbols of first to sixth codewords 520~
525 are allocated altemately in circular progression around the tag.
The interleaving is designed to maximise the average spatial distance between any two symbols of the same

In order to support “single-click™ inieraction withia tagged region via 2 sensing device, the sensing device
wto ,nmstbeablemmeﬂlmoncmheugininﬁcldorviewnomncrwhminu\emgionornwhatoﬁemaﬁonitis
: posiﬁoned.Thereqtﬁreddlmofﬂnﬁeldofviewofﬂ\em;mgdmcemdmfomaﬁmﬁmofﬂnemmdspacing
of the tags. e
‘ngaﬁmlutagshmuwnﬁninumdimof.themﬁeldofﬁewisobmiudwhenlhetags
30 mﬁledonneqﬂhmaltrimgtﬂar;ﬂd;asﬁlowninﬁmés s
124 Tag Image Processing and Decoding -
mngﬁna,geptooe:dngmddscodmgpafamedbyammgdcmcﬂxhasdwmtmepenushomm
Figure 7. thlcaeapm;edmgeisbemg.acqmred&omﬁwimgeseusor.dnedymmcmigeorﬂ\elmgeudummd
: (a1 20). The center of the range is then chosen as the binary threshold for the image 21. The image:is then thresholded and
35: .- segmented into connected pixel:regions (ie. shapes 23) (al 22).-Shapes which are 100 smail- 1o represent tag target
;. struchires are discarded, The size and centroid of cach shape is also;computed. L
eryshapemmlsﬁmlhmmmmmd(ﬂﬁ)forcadlshapc mdlhcscprov:dclhebans for
subsequently locaung tzrgclsmm leralshapemomems areby their nature mnmmt of: poahon.mdcanbeeaslly
*+ . .1oade invariant of scale, aspect atio and rotation. .- ¢ ULt L O S
40 - ﬂwnngwgctmcumlslsdnﬁmmbclocnwd(alzﬁ)Annghasdaeadvanﬁgeofbemgmywcll
behaved when perspective-distonied. Maiching proceeds by aspect-normalizing and rotation-nommalizing each shape’s
moments. Once its second-order moments are normalized the ring is easy to recognize even if ﬂlcperspeaivc distortion
was significant. The ring’s original aspect and rotation 27 together provide 2 useful approximation of the perspective
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transform.

The axis target structure 16 is the next to be located (at 28). Matching proceeds by applying the ring’s
normalizations 1o 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 wo
possible orientations of the axis. The shape is deliberately skewed 1o one side to make this possible. Note also that it is
anly possible to rotation-normalize the axis target afier it has had the ring's normalizations applied. since the perspective
distortion’can hide the axis target’s axis. The axis tanget's oxiginal rotstion provides a useful approximation of the tag's
rotation due to pen yaw 29,

The four perspective target structures 17 are the last to be located (at 30). Good estimates of their positions
moompmedbasedon their known spatial relationships 1o the ring and axis targets; the aspect and rotation of the ring,
and the Totation of the axis. Mutching proceeds by applying the rinig’s normalizations fo each shape’s moments. Once their
second-order moments are normalized the cincular:perspective targets are easy 10 recognize: and the targez closest 1o each
estimated ‘position is taken as a match. The original centroids of the four perspective targets ane then taken to be the
pesspective-distorted comess 31 of a square of known size in 1ag space, and an cishl-degme-of-ﬁudym perspective
transform 33 is inferred (at 32) based on solving the weli-understood cquations relating the four tag-space and image-
space point pairs (see Heckbent, P.. Fundamentals of Texture Mapping and lmage Warping. Masters Thesis, Dept. of
EECS. U. of California at Berkeley, Technical Report No. UCB/CSD B9/516, Junc 1989, the contents of which are herein
incorporated by cross-reference). -

The inferred tag-space to image-space perspective transform is used to project (at 36) each known data bit
position in tag space into image space where the real-valued position is used to bilinea:;ly interpolate (a1 36) the four
relevant adjacent pixels in the input image. The previously computed image threshold 21 is used to threshold the result to
pmduoe the fipal 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
Vdeeodeg!"(‘a}_t_ss)_lf_y:eld_z_odecodedbhf 39, or 120 decoded bits in total. Note that the codeword symbo)s are sampled in
mdcwoidom; 30 that codewords are implicitly dc-intericaved during the sampling process: -

1= The Ting target 15 is only sought in a subarea‘of the-image whose relationship 1o the image guarantees that the
-ring. if found, is pant of a complete tag. 1f a complete tag is not fomdanduwﬂuﬂydeooded.thaino pen position is
recorded for the current frame. leenldequatepmoessingpowmdidullytmnﬂnim field of view 193, an
altemnative strategy involves seeking snother tag in the current image. - Pt

The obained ugdanind:wesmccdmntyofﬂ:engmnmwm!beugmd lheponuonofmeug within
thcreg:on.AnmmponumSSofﬂwpenmb:nmeresion.aswclluthcovuaﬂ omntaﬂon 35 of the pen, is then
W(au)mmmummssmmmmmmmw relationship between the

sphyuulmsmdﬂnpmsopuulms. P S B -
125 : - Tag Map o s il : ETRLE A *

Decodingatagmdu'Msmgon 1D, amgm andﬁtag-m!mvcpmmfmm Bcrorccheuglomddue

tag- mla:ivepenloquonm be translated into-an absoluié locition m&mdwuggudmgiénfﬂw Adcation of the tag within
- the region-must be known, ﬂuskgwenbyuagmap.ﬁuncuonwhrdnmpswhtagln malaggedreglon toa

- ooncspondmglocauon.‘lhengmpdnsdlagmmsshowninﬁgmtzzaspmofménupagcpﬂmrdassdugnm

. Augmapreﬂects(hcsdrenuusedtoulemesmfmmgmnmmugs.mdﬂu‘canvmymrdmgtosurface
type. Whenmxlupleuggedregmnsshmthemnlmgschemanddwsﬁmeugnmhermg sd:eme.lheycan also share
the same 1ag map. : -

The tag map for a region must be retrievable via the region ID. Thu&pvcnamgionn) a tag 1D and a pen
transform. the tag map can be retrieved, the tag D can be translated into an absolute tag location within the region. and
the tag-relative pen location can be added to the 1ag location to yield an absolute pen location within the region.

nn '4
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1.2.6 Tagging Schemes

Two distinct surface coding schemes are of interest, both of which use the tag structure described earlier in
this section. The preferred coding scheme uses “location-indicating™ iags as already discussed. An altemnative coding
scheme uses object-indicating 1ags.

A lqcation—indicating tag contains a tag 1D which, when translated through the tag map associated with the
tagged region, yields a unique wag location within the region. The tag-relative location of the pen is added 1o this tag
location to yield the location of the pen within the region. This in tum is used to determine the locstion of the pen relative
to a user interface element in the page description associated with the region. Mot only is the user interface element itself
identified. but a location relative to the user interface clement is jdentified. Location-indicating tags therefore wivially
support the capture of an absolute pen path in the zone of 2 particular user interface element.

An object-indicating tag contains a tag ID 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 clement identify the user interface
clement, making them al) identical and therefore indistinguishable. Object-indicating tags do not, therefore. support the
capwre of an absolute pen path. They do, however, suppon the capture of a relative pen path. So long as the position
sampling froquency exceeds twice the encountered tag frequency, the displacement from one sampled Pc‘;! position to the
next within a stroke can be unambiguously determined.

With either tagging scheme, the tags function in cooperation with associaled visual clements on the netpage
as nser interactive elements in that a user can interact with the printed page using an appropriate sensing device in onder
forugdanwbeludbylhesensmgdwmclndforanlppmpnucmponsewbegmcmedinmenapagcsyﬂcm
1.3 DOOUI!ENT AND PAGE DESCRIPTIONS

A preferred embodiment of a document and page description class diagtam is shown in Figures 25 and 26.

In the netpage system a document is described at three levels. Al the most abstract level the document 836
has a hicrarchical structure whose terminal elements 839 are assoclated with content objects 840 such as text objects, text
stylcobjccts.mgeobjws &te. Once the document is printed onapdntcrwithapammﬂlrpagc size and according to a
pamcullr user's scalc factor pte(erence. the document is pagmued ‘ahd otherwise formatted. Fomuued terminal elements
835 will in some“cases be associsted 'with' content -objects: which~ are- different from those associated with their
corresponding terminal elemenss, particulaily where the content”objects are style-related. - Bach printed instance of a
document and page. is also described separately, o allow input ¢aphired through & particilar page insiance 830 to be
recorded separaiely from input captured through other instances of the same page description.

“The presence of the most abstract document description oft the page server-allows a user 10 request a copy of

- a document without being forced to accept the source document's spécific format. The 'user may be requesting a copy

. through a printes with & different page size; foi example, Conversely; the presenice of thé formanted document description
on the page scrver allows the page sesver to efficiently. interpret user sctions on'a particular Frinted page.
) Afmmncddocmnemsyeomin?.ofuetoffomdmedesmwonss -ekch of which consists of a set
offomanedlcummlelcnmtss.‘is Eadlformanadelemthasaspam!mentorionessonl}mme This defines the

o .amvcamaofmptuelcmtsmdushypeﬂinksmmpmﬁdds i

40

. A document instance 831 corresponds (o a formatted downm 834. It consists ofuetofpage instances 830,
eachofwh:dloonespomloapagcdesmpdonSOfme I‘ormneddowmmt. Each page instance 830 describes a single
unique printed netpage 1, and records B\epagemSOofﬂ\c ncipage.” Apageinstanoe isubtpmofadcmmt insiance if
umpusenlsaoopyol‘apagemqueswdmisolawn :

A page jnstance consists of a st of terminal elemcm instances 832. An element instaice only exists if it
records instange-specific information. Thus, a hyperlink instance exists for a hyperlink element becayse it records a
transaction ID 55 which is specific to the page instance, and a field instance exists for a field clement because it records
input specific to the page instance. An element instance docs 1ot exist, however. for static elements such ag textflows.
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A terminal element can be a static element 843. a hypertink element 844. 2 ficld element 845 or a page server
command element 846, as shown.in Figure 27. A static element 843 can be a style elemeni 847 with an associated style
object 854. a textilow element 848 with an associated styled text object 855. an image element 849 with an ascociated
image element 856, s graphic clement 850 with an associsted graphic object 857, 2 video clip element 851 with an
associated video clip object 858, an audio clip clement 852 with an associated audio clip object 859, or a script element
853 with &n associated script object 860, as shown in Figure 28.

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

In the preferred form of the:invention. a tag map 811 is associated with each page instance (0 allow tags on
the page lobcmdaedinwlouﬁonsmlbepage.

14 Tmﬂswmsttwonx“ PR

In a preferred embodiment; a.netpage: network consists of a distributed set ofnuqngepagcsemrs 10,
netpage registration servers 11, netpage D) servers 12, netpage application servers 13, netpage publication servers 14, and
netpage printers 601 connected via a network 19 such as the Intemet, as shown in Figure 3. ,

The netpage registration server 11 is a server which records relationships between users, pens, printers,
applications and publications. and thereby authorizes various network activities. 1t autheqticates users and acts as a
signing proxy on behalf of avthenticated users in application transactions. It also provides handwriting recognition
services. As described above, & netpage page. server 10 maintains persistent information about page descriptions and page
mstances. The netpage network includes any number of page servers, cach handling a subset of page instances. Since a
page server also maintains user input values for each page instance, clients such as netpage printers send netpage input
directly to the appropriatc page server. The page server interprets any such input relative to the description of the

comesponding page.
A netpage ID server. lZallomtq,,document[DsSl ondemand,andpmvidesMﬂmngofmem
via its ID allocation scheme. - | sapmh,

g e m et e g e e o mar

o 'AnetpagepuuuerusuMWMWNmSmm(DNS).ormh{,wMVeamtpagepégén)" '
ﬁmﬂnmwﬁﬁmofﬂwmmamhmﬂhngmmmgwmm
Ammﬂmwm.ﬂﬁisamerwhldlmmww:pﬂmAme
pubhmonmal4ummmmmwmwdmmuwmmemmmm
mdemlmSecumz i
Nwmmuwmamofmwkmphﬂmmmmmwchumm
chleu-WmdSmMﬂuphmmmmnmmnﬂyonamglebosnmdnsinglemmbe
d:stnhtedovmaumbetofmm«alloﬂhsﬂmmmalilymudedbymmmdmmuﬂume
ﬂmmﬁxqmmwmmmmmememr.mmbcpmﬂdedwyinlnctpagc:pphanocmdusn

. 1,5 Sy TI-ENEI'PAEPR“TE“ ‘4;,‘11}:,5@‘ d i e N N L VR Tt \,' . o 7
The nerpage peinter 601 1sau:pplumeswhichnsmgxnmdmithdmmemmmdpmtsm
documumdmﬂmdmmbsamimj&dnmnmhasaumquepﬁmermﬂ md,isoummndtomcmqnge

Apart from identity. and security settings in non-volatile memory.. the: notpagc pnnter contains no persistent
smngc As far as a user is concerned, “tbcnetworklslheoompulcr" Ne:pagaﬁmcuonmmmvdymssspacem
time with the help of the distributcd netpage. page servers 10. mdepcndemly of particular netpagé printers.

. The netpage peinter receives subscribed netpage documents from netpage publication servers 14. Each
document is distributed in two parts: the page layouts, and the actual text and image objects which populate the pages.
Because of personalization, page layouts are typically specific 10 a particuiar subscriber and so are pointcast to the
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subscriber's printer via the appropriale page server. Text and image objects. on the other hand. arc rypically shared with
other subs;;nbcrs. and so are multicast to.all subscribers® printess and the appropriale page servers. —_—

The netpagé publication server optimizes the ségmentation of document content mlo pointcasts and
muhticasts. After receiving the pointcast of a document's page layouts, the printer knows which multicasts. if any, to listen
to. -

Once the printer has received the complete page layouts and objects that define the document to be prinied, it
can print the document.

The printer rasierizes 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 consists of two déqmpled stages: rasterization of_'pa,gé descriptions. and expansion and
printing of page images. The.raster image processor (RIP) consists of ong.pr.more stendard DSPs 757 running in parsilel.
The duplexed print engine, controliers consist,of: custom processors. which expand. dither and print page images in real
time, synchronized with the operation of the printheads in the print engines.

Printers not enabled for IR printing have the option lo print tags using lR-nbsorptivc biack lnk. although this
restricts tags to otherwise empty areas of the page. Although such pages have more limited functlonality than IR-printed
pages, they are still classed s netpages.

A parmal netpage printer prints netpages on sheets of paper. More specialised netpage printers may priat onto
more specialised surfaces, such as globes. Each printer supports at least one surface type, and supporis &t least one tag
tiling scheme, and hence tag map, for each surface type. The 1ag map 811 which describes the tag tiling scheme actually
used to print a document becomes associated with that document so that the document’s tags can be comrectly interpreted,

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

, Aptefemiembodmtofgunetpagepmwlsdcscubedinmnd:minSectiontSbelow.w:ﬂnefmnce
toFigares 11t036. . . ... - oL o R s T g
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No commercially available printing technology has all of these characteristics.
To enable to production of printers with these characteristies, the present applicant has invented a new print
technology. referred 10 as Memjet™ technology. Memjet™ is a dmp-ou-demnd inkjet technology that incorporates
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pagewidih printheads fabricated using microelectromachanical systems (MEMS) technology. Figure 17 shows a single
printng element 300 of a Memjet™ printhead. The netpage waliprinter incorporates 168960 printing elements 300 to
form a 1600 dpi pagewidth duplex printer. This primer simultaneously prints cyan, magenta. yellow. black, and infrared
inks as well as paper conditioner and ink fixative.

5 The printing element 300 is approximately 110 microns Jong by 32 microns wide. Amays of these printing
eletents are formed on a silicon substrate 301 that incorporates CMOS logic. data transfer. timing. and drive circuits {not
shown).

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

w 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 anchior:points 310 aod 311. The combination of elements 308, 309,
310, 311, and 319 form a cantilevered electrothérmal bend actuator 320;

‘- Figure 18 shows a small part of an arfay of printing elements 300, including a cross wcﬁon_§15 of a printing
15 - ‘element 300. The cross section 315 is shown without ink. to clearly shiow the ink inlet 312 that passes through the silicon
wafer 301.
Figures ¥9(a). 19(b) and 19(c) show the operating cycle of a Memje(™ printing element 300.
Figure [9(a) shows the guiescent position of the ink meniscus 316 prior to printing an ink droplet. Ink is
" retained in the nozzle chamber by susface wension at'the ink meniscus 316 and at the Auidic seal 305 formed between the
20 ° norzie chamber 304 and the ink channel rim 306.
' While printing, the printhecad CMOS mmitry distribates data from the print engine coutroller to the comrect
printing clement, lawches the data, and buffers the data 10 drive the electrodes 318 of the active actuator beam pair 308.
»+ "+ +"This canses an electrical current to pass through Wie beam pair 308 for about oric microscoond; resulting in Joule heating.
Mwn:pmmmmmmltmg from Joule huﬁngcummebeammws to expand. Asthepasslve auuamrbeam
' 25 np;rﬁ%w:: not heaed,:?d:m—nol umfﬁs;l:n;_m a stress dlll‘crcnoe between the wwo beam § pmrs. Tlus su&u'
------ diﬂitmacispam:llymolvodbyme cantilevéred-end of the electmﬂmm!!bcndacmaor?-mbmdmgmwa:ds the
©. githatrite 301 The lever arth 307 transmits this movement to the nozzlé chamber 304. The nozzle chamber 304 moves
sbout two microns to the potition showm in Figure: 19(b). This increases: the itk pressure, forcing ink 321 out of the nozzle
302, snd causing the ink meniscus 316 to bulge. The nozzle rim 303 prevénts the ink meniscus 316 from spreading across
30  the surface of the nozzle chamber 304. . :
As the temperature of the beam pairs 308 and 309 equalizes. the actuator 320 retums to its original position.
‘This aids in the break-off of the ink droplet 317 from the ink 321 in the nozzle chamber, asshowninFigm 19(c). The
nozzle chamber is refilled by the action of the surface tension-at the meniscus 316.
hats Figure 20 :hoW!'isegment of a printhead 350. In a netpagepnmer the length ofthemnmead is the full %=~
35 ' width of the paper (typmlly 210 mm) in the dmcuon 351. The segment shown 15 0.4 mm kmg (about 0.2% of a complete
‘ptmthwi) Wheapnnung.thepapensmovedpmmcﬁxedprmtheadmmedlmon3szmmmﬂwdhas6wws of
mtr:dlgimed printing clements 300, printing the six colors or types of ink supplied by the ink inlets 352.
To protect the fragile surface of the prmtlnaddunng opemion. lnozr.lqguard wafer. 330 isa.tlachedtolhc
prinibiead substrate 301. For each nozzle 30201crclsacorrcspondingnoz_zlemdhple_:_¥3_l through which the ink
40  droplets are fired. To prevent the nozzle guard holes 331 from becoming blocked by paper fibers or other debris, filtered
air is pumped through the air inlets 332 and out of the nozzle guard holes during printing. To prevent ink 321 from drying,
the nozzle guard is sealed while the printer is-idle. '
1.6 The Netpage Pen
The active sensing device of the neipage system is typically a pen 101, which, using its embedded controller
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134, is ablc w0 capture and decode IR position tags from a page via an image sensor. The image sensor is 2 sofid-state
device provided with an appropriate filter.to permit sensing-at only near-infraréd wavelengths. As described in more detail
below, the system is able to sense when the nib is in contact wilth the surface, and the pen is able to sense wgs at a
sufficient rate to capture huroan handwriting (i.e. at 200 dpi or greater and 100 Hz or faster). Information captured by the
pen is encrypied and wirelessly transmitied to the printer (or base station). the printer or base station interpreting the data
with respect to the (known) page structure.

The preferred embodiment of the netpage pen operates both as a normal marking ink pen and as a non-
marking stylus. The marking aspect, however. is not necessary for using the netpage system as 2 browsing system, such as
when it is used as an Internet interface. Each netpage pen is registered with the neipage system and has a unique pen 1D 61.
Figure 23 shows the netpage pen class diagram. reﬂecung pen-related information maintained by a registration server 11

on the netpage network. .. B e

When either nib is in contact with-a netpage, . dwpendemmmes ils posilion angd orientstion relative to the
page. The nib is attached to a force senser, and the force on the alb is interpreted relative to a threshold to indicate
whether the pen is “up” or “down”. This allows a interactive clement on the page to be ‘clicked’ by pressing with the pen
nib, in order to request, say, information from & network. Furthermore, the force is captured as a eon;i'mous value to
allow, say. the full dynamics of a signature to be verified.

The pen determines the position and orientation of its nib on the netpage by imaging, in the infrared
spectrum, an area 193 of the page in the vicinity of the ib. It decodes the nearest tag and computes the position of the nib

. relative 1o the tag from the observed perspective distontion on the imaged tag and the known geometry of the pen optics.

20

. 2'5;,._. -

. the commenoement of the stroke. .

Although the position resclution of the tag may be low, because the tag density on the page is inversely proportional to
the tag size. the adjusted position resolution is quite high, exceeding the minimum resolution required for accurate
handwriting recognition.

. Pen actions relative to 2 netpage are captured as a series of strokes. A stroke consists of 2 sequence of time-

.- stamped pen positions on the page, initiaied by & pen-down event and completed by the subsequent pcu-upevmt.Amke

B e ST

is 50 tagged with the page 1D 50 of the netpage whenever the page | chhanges \nrluch.undcruomnlmdlmstm isat

Eachnapagepenhasncmenuelwuonszéassomwdwhhu.allowmgmeusertopafo:moopymdpaste
operations etc. The selection is timestamped to allow the system to discard it after a defined dme period. The current
sdewondesmbuaregnonorameimmltcons:stsofulcmoureecmdxgnﬂu&mkzmm'eddwnghmm
relative to the background area of the page. It is mterpreledman:pplmﬂon-xpmﬁcmnncromcuismbaﬁmdwm

. application via a selection hyperlink activation.

Each pen has a curreat nib 824. ThisislheMblmnolgﬁedbyttwpmwuwsysmm,lnﬂ\easeofthqdc&nlt

. metpage pen described above, either the marking black:imk nib or the non-marking stylus nib is current. Each pen slso has

a current.gib style §25. ﬂusn!hcmh,nylelasussouﬂedmm;bepmbyanapphmm.e.g lnmsponselqmcuser

__,._,seleclingacolorfmg!apalmc maqagm,mbnylustbcnibnylemauedmmmememn% Strokescapmred
" lhmughapcnmnggedudﬂnh:c\mept;ﬁbstqu Wlundxcs&oksqresuhwquenﬁymduoed.lbeymmpmwdm

) lhembstylemllmdnchﬂwymhgged.

s ... onling” LEDWhenlhepenfulswdeeodcasuokerdmvewlhepage.ummcnunlymvmsus crror"LED When_

w0

thmerﬁ\epenlsmﬂunnngeofapnmermm vﬁ'hlchnmoomuwncatc mcpcns!oMyﬂasllesl!s

the pen succeeds in decoding a stroke relative 10 the page, ummeutmlyacuvmus“n " LED,

A sequence of captured strokes is referred to as digital ink, Digital ink forms the basis for the d:gual exchange
of drawings and handwriting, for online recognition of handwriting, and for online verification of signatures.

The pen is wireless and transmits digital ink 10 the netpage printer via a short-range radio link. The
transmitted digital ink is encrypted for privacy and security and packetized for efficient ransmission. but is always flushed
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on a pen-up event 16 ensure timely handling in the printer.
S When the pen is out-of-range of a printer it-buffers digital ink in intenal memory. Which has a capacity of
over ten minutes of continuous handwriting. When the pen is once again within range of & printcr, it wansfers any buffered
digital ink.

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

A preferred embodiment of the pen is described in greater detail in Section 6 below. with reference to Figures
810 10.
1.7 NETPAGE INTERACTION

The netpage printer 601 receives data relating to & stroke from the pen 101 when the pen is used to interact
with 2 nttpage 1. The coded data 3 of the 1ags 4 is read by the pen when it is used 10 execuie 2 movement, such as a
stroke. The data allows the identity of the particular-page and associated interactive element to be determined and an
indication of the relative positioning of the pen relative to the page to be obtained. The indicating data is transmitted 1o
the printer. where it resolves, via the DNS, the page 1D 50 of the stroke into the network address of (he netpage page
server 10 which maintains the corresponding page instance 830. it thien transmits the stroke to the page server. If the page
was recently identified in an eardier stroke, then the printer may already have the address of the relevant page server in its
cache. Each netpage consists of 2 compact page layout maintained persistently by & nctpage page séyver (see below). The
page layout refers 1o objecls such as images, fonts and picces of text, typically stored elsewhere on the help?nge network.

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

A “click” is a stroke where the distance and time between the pen down position anid the subsequent pen up
position arc-both less than some small Taximom. An object which'is"sttivated by a click typically requires a click to be

- activated, and accordingly, a longer stroke is'ignored. The failure of a |§eu wction, such as a stoppy" click. to register is
-indlmedbymelad:ofrespomfgmmem, “k"LED. - e

ﬂmmmﬁnﬂsofhpmdmlsmanﬂpagepagcdempuon hyperlmksandfomﬁelds. Input
-mynammﬁcldmdmwuwuamammwhw :
171 - Hyperlinks
' Ahypalmkisanmofwndinganmgemaremotelpbﬁnﬁmmdtmcﬂlydidlsapnntedresponse

" in'the netpage system. LRI

A hypaimkdcmem 844 identifies the application 71 whiai'h&me‘s'acuvmon ‘of the hyperlink, a link 1D 54
“which identifies thé’ hypertink 10 the spplication. ari “slias requiréd™ fiag whiich asks the system 1o include the user’s

-application alias D65 in‘tic hypedink:aidvation: m.mwéhm:kmmnmﬁypaﬁnkummu.

fxvomeonppursimﬁeusershistor? Whypeﬂmkelbmtdﬁﬁlimisshownmﬁgm”
woo ST Whenahypahukuacnmed.ﬂnpsgemmdsamﬁétiomapphmonwmwmm me‘network

|7 -The application is identifiéd by'an’ abpnéaiion ID'64, and meappu&ﬂ&:mh Fesolved in ihic orial way ﬁx‘ihc DNS.

~'in Figure 30]°A general hypeﬂmkcmnmp!mtarequcsl roralin]:ed ;

'l'bereuelhreetypesofhypeﬂmks general hyperlinks 863, fonnhyperlmks&és andsclecuonhypalmksam asshown

" server. A-form hyperlink subsiits ihe’ conesponding form to the lppliwim. A’selection hjperhnt suhmits thé current

40

seloction to the application. If the curseni $electioin conums a smgle-wﬁr:l ﬁeﬁe of wexi, for example. the appliea.uon may
returni-a Single-page docuthent pvmg the word's meaning within the context in which it appears; or & translation into a
different language. Each hyperlink type is charicterized by what infomation i submitied to the sppliction.

~ The corresponding hypesdink instance 862 records a transaction ID 55 which can be specific to the page
instance on which the hyperiink instance appedrs. The transaction 1D can identify user-specific data to the application, for
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exampie a “shopping cart” 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 hyperlink activation, although if the hyperlink has its “submit
delta™ anribute set, only input since the last form submission is included. The system includes an effective return path in

5  all hyperlink activations.

A hyperlinked group 866 is a group element 838 which has an associated hyperiink, as shown in Figure 31.
‘When input occurs through any field element in the group. the hyperlink 844 associated with the group is activated. A
hyperlinked group can be used to associate hypetlink behavior with a field such as a checkbox. It can also be used. in
conjunction with the=submit delta™ artribute of a form hyperlink, to' provide continuous input to an application. It can

10 ﬂmforebcusodlosupponn‘thckboard interaction model, lx.whuemmtnnplmmdmmfmﬂwedassoonas
itoccurs. - T NESEIAE i SRR

1.7.2 Forms- . - . .

A form defines a collection of related input fields used 1o capiure a related set of inputs:through a printed
netpage. A fonm allows a user to submit one or more parameters to an application software programmmgng On & Server.

15 A form 867 is a group element 838 in the document hierarchy. It ultimately contains a‘set of terminal fieid
elements 839, A form instance 868 represents a printed instance of a formi It consists of a set of field instances 870 whick
correspond (o the field elements 845 of the form: Each field instance has an associated value'871. whose type depends on
the type of the comesponding ficld element. Each field value records inpui through a particular printed form instance, i.c.
through one or more printed netpages. The form class diagram is shown in Figure 32. :

20 'Each form instance has a status 872 which indicates whether the form is active, frozen; submitied, void or
expired. A form is active when first printed. A form becomes frozen once it is signed. A form becomes submitted once one
of its submission hyperlinks has been activated, unless the hyperlink has its “submit delta™ -anribute set. A form becomes
void when the uscrmvokua void fonn. resel fomordnphca:c fm’mpageoommand. A fonn expimwhcn the time the

26

rejected.andmsteaﬂﬂﬂ&anfmmsuusmpoﬂ T P
-Each forijyinstance is associated (at 59) with any fonnqnstmcel du'ived ﬁ"om it.thusprovndmg a version
history. This allows'all but the latest version of a.form in & particular ting/peiiod io be excluded from a search.
30 Al ingiac i cipiired as digitad.ink. Digital ink 873 Gonsists o ¢2( of sinicstaniped:éiidke groups 874, each of
which consists of-a set of styled strokes. 875. Badimkeeonszs!sofamoﬁimesumped pen positions 876, each of
which also includes pen‘orientation and nib force. “The digital ink class dingram s shown in Figure 33.
TA ﬁeyl,ekﬁ'g"ig B4S:canibe a cbeekboxvﬁddS'ﬂ a text-HElA 878, a drawing l'eld'ﬁ'b or a signature field
_ 880, The ficld elen'in?élassdugfaﬁiisshown in'Fiiire 34. Anydlgml iﬁkapturedm nﬁeld smne '58is aslgnedtodu:
35.-.“1 ﬂdd' LR R E S R 8 o RIS ;#-fs‘r“."': i e ,f -
. A qmﬁeld has, u;,assodued boolcan ‘value. 881, as,,mgnm ﬁgge 35, Aqymk(luck. a cross, a
_stroke, a fill z:gz.ag.uc.)captmdmndreckbox ﬂeld'szonecmsesau'uevaluctobeassigned 10, the: fu:ld sv:lue
. : Atcnﬁeldhasannsoquedlextvaluesuassbowmﬁgm% Anydlgualinkc;ptmbd-mamtﬁeld‘
e .zone is astomatically. convcﬂed to text via online bandwriting recpgl'l.[qqq and, the text is ass:gnedto the: Hield's: value.
40 Onlme handwriling recognition is well-understood (see, for.example.. Tappert. C..CY.. Suen and T, Wakahara, “The State
of the Ant in On-Line Handwriting Recognition™, [EEE Transactions on Pattern Analys;s and Machine Intelligence,
Vol.12. No.8, August 1990, the contents of which are herein incorporaled by cross-réference). .
A signawre field bas an associated digial signature value 883, as shown in Figure 37. Any digital ink
captured in a signature ficld's zonc is automatically verified with respect 1o the identity of the owner of the pen. and a
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digital signature of the content of the form of which the field is pan is generated and assigned to the field's value. The

digital signamre is generated using the pen user's private signature key specific to the applicalion which owns the form:

Online signatwe verification is well-undessiood (sce. for example. Plamondon, R. and G. Lorette, “Automalic Signaure

Verification and Writer Identification — The State of the Art”, Partern Recognition. Vol.22, No.2. 1989. the contents of
5 which are herein incorporated by cross-reference).

A field elemenmt is hidden if its “hidden” attribute is set. A hidden field element docs not have an input 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 containing the field is submitted.

_ “Editing™ commands, such as strike-throughs indicating deletion. can also be recognized in form fields,
10 Because the handwriting recogaition algorithm works “online™ (i.e. with access to the dynamics of the pen
e Toovement), rather than “offline™ (i.e. with access only to a bitmap of pen markings), .itscan recognize run-on discretely-
written characiers with relatively high accuracy. without a writer-dependent training phase. A writer-dependent model of
handwriting is automatically generated over time, however, and can be generated up-front-if necessary,

Digital ink, as already stated, consists-of & soquence-of strokes. Any stroke which stants in a particular

15 element’s zone is appended 10 that clement’s digital ink stream, ready for interpretation. Any stroke not appended 10 an
object’s digital ink stream is appended to the background field's digital ink stream.

Digital ink captured in the background field is interpreted as a selection gesture. Circumscription of one or
more objects is generally interpreted as & selection of the circumscribed objects, although the actual interpretation is
application-specific. . . -

20 Table 2 summarises these various pen interactions with a netpage.

Table 2 - Summary of pen interactions with & netpage -

HRUFTTIEN B R e 2t Ve

None | et v en (Cucamatrption” - Asslgndgﬂa!inkto ST SEIeToT

PEG SR TS R B N T T 1-;&5 R

‘ mwnﬁmmnummuelecmnforudipm Thcnlecummsistssimplyofﬂwmostmtmke
25 - captured in the bacKiiourll eld. 7The seltadeion is Sleatid mtmmvimmm 0 st

' Thenﬁfd:gula!mkcapunedine\refyﬁeldismainedon!hempagepagesen’fenndlsoptionallymmnﬁned

“iwith the form data &rreﬁmefom is subniitiéd o' thé dpplicaiion ‘mmows thé apphwimﬁo immogae thé raw digitat

ik should it suspéct: ttie bﬁgihal ‘conversion, such axthe eonvcrsioﬁ ot' hmdwnnen texv"l'his ciﬂ;‘for examplé; involve

" human intervention at:thé application Jevel for forms -which fail- cehais ippliunon-Speciﬁc consistency checks. As an

30  cxtension to this, thé éntire background area of a form can be designated as a driwing ‘ficld; The application can then

decide. on the basis of the presence of digital ink omsidé the explicit fields of the form, 1o route the form 10 8 human
operator, on the assumption that the user may have indicated amendmients to the filled-in fields outside of those fields.
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Figure 38 shows 2 flowchart of the process of handling pen input relative to a neipage. The process consists
of receiving (ar 884) a stroke from the pen; identifying (at 885) the page .instance 830 to which the page ID 50 in the
stroke refers: retrieving (at 886) the page &xﬁpﬁon 5: identifying (at 887) a formatied clement 839 whose zone 58 the
stroke intersects; determining (at 888) whether the formatted element corresponds to a field clement, and if so appending
(at 892) the reccived stroke to the digital ink of the field value 871, interpreting {at 893) the accumnlated digital ink of the
field, and determining (at 894) whether the field is part of a hyperlinked group 866 and if so activating (at 895) the
associated hyperlink: alternatively determining (st 889) whether the formatted element corresponds to a hyperlink element
and if so activating (at 895) the comsponding hyperlink: aliemnatively, in the absence of an input field or hyperlink,
appending (at 890) the received stroke 1o the digita) ink of the background field 833: and copying (at 891) the reccived
stroke to the current selection 826 of the current pen, as maintained by the regisiration server.

Figure 38a shows a detajled flowchart of step 893 inthie process shown in Figure 38, where the accurnulated
digital ink of a field is interpreted according to,the type of the field. The process consists of determining (st 896) whether
the field is a checkbox and (at 897) whether the digital ink represents a checkmark, and if so assigning (at 898) 2 rue
value to the ficld value; alternatively determining (at 899) whether the field is a text field and if so convgﬁng (at 900) the
digital ink 10 computer text, with the help of the appropriate registration server. and assigning (at 901) the converted
computer texi 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 registration server, creating (at
904) a digital signature of the conients of the corresponding form, also with the help of the registration server and using
the pcn owner's private signature key relating. to the corresponding application. and assigning (at 905) the digital
signature to the field value.

1.7.3 Page Server Commands

A page server command is a command which is handled locally by the page server. It operates direcily on
form, page and document instances.

Apascmvercommand%‘lmbeavmd fonnoommmd908 a duplicaie form command 909, a reset fonu
cotninand 910, a gel form status command 911, n duplicate page command 912, a reset page ‘command 913, a get page .
status command 914, a duplicate document command 915, a reset document command 916, or 2 get document status
command 917. &s shown in Figure 39. . . .

Avo!dformmmmndvmdsthemeq:ondmgfozmmmm A duplicate form command voids the
correspondling form instance and then produces an active printed copy of the current form instance with field values
prescrved. The copy contains the same hyperlink transaction IDs as the original, and so is indistinguishable from the
original o an zpplication. A resct 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 repost on the
stats of the corresponding form instance, including' who published it. when it.was printed. for whom it was printed, and
theformsmus of the form instance. ' : .

Since a form hyperlink instance contains & transaction ID, the n.pphcanon has [o. bemvolvedmpmduunga-
new form instance. A bution requesting a new fqr:q,imunce is therefore lyp:qally.implgmtgd asa !;yperhnh

A duplicate page command produces a printed copy of the corresponding page instance with the background
field valuc preserved. If the j:a'gcoonmins aform or;s_pm of a form, then, the duplicate page command is interpreted as a
duplicate fonncommand. ‘A reset page command ptoduocs a pnmcd copy oflhecom:spondmg page mstanoe with the
background field value discarded. If the page contains a form or is part of 2 form. then the n:sct page command is
interpreted as a reset form command. A get page status command produces a printed report on the status of the
corresponding page instance, including who published it, when it was printed. for whom it was printed, and the status of

any forms it contains or is part of.

The netpage logo which appears on every netpage is uwﬂly associated with a duplicate page element.
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When a page instance is duplicaled with field values preserved, field values are printed in their native form,
i.e. a checkmark appears as a standard checkmark graphic. and text appears as typeset text. Only drawings and signatures
appear in their original form, with a signature accompanied by a stndard graphic indicating successful signature
verification.

A duplicate document command produces a printed copy of the comesponding document instance with
background field values preserved. If the document contains any forms, then the duplicate document command duplicates
the forms in the same way a duplicate form command does. A reset documnent command produces a printed copy of the
comresponding document instance with background field values discarded. If the document contains any forms. then the
reset document command resets the forms in the same way a reset form command does. A get document status command
produces a printed report on the status of the corresponding documient instance, including who pubhshed it. when it was
printed, for whom it*was printed, and the status of any forms it contains. '

If the page server command's “on selected” entribute is ££1, then the command operales on the page identified
by the pen's current selection rather than on the page containing the command. This allows a menu of page server
commands to be printed. If the wgctpagedéem'momaiti apage server command element for the designated page server
command, then the command is ignored.

An application can provide application-specific handling by embedding the relevamt page server command
element in a hyperlinked group. The page server acuvm the hyperlink associated with the hyperiinked gluup rather than
executing the page server command.

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

18 STANDARD FEATURES OF NETPAGES
In the preferred form, each nepage is printed with the netpage loga“t the bottorn 16 indicate that it is a

7 _udpageuﬂﬂmfomhulnmuvepropuues.nﬂogoaisogc_ts_gsncopybuuon lnmostas_uprusmgmelogo

- produces a'cafy of the page. In the case of a form, the button prodiices a copy of the entire form. And in the case of a

: secure dociment; such as a ticket or coupon, the button elicits an explanstory note or advertising page. -

Thedefwitmgh-pngemwﬁmcdonkhmd!eddnmnlybyﬂtmlcvmmﬁpagemem Special copy
ﬁmsmhmdledbylinmunlogobumnwmappﬁuﬁm
18 “User HELP SysTEM ' ’
lnaptefawdcmbodlmtﬂlcnﬂpagemhasasinglehmmhbenod"ﬂelp" Whenptcseditelicilsa
slnglepnseofinformﬂmmcluding. '

. " mtusofpnnwrmnemon e
. - "statisy‘of printer cousumables '
Ty , wp-le\re‘hﬂp menu e
' - dociitdén functon menly | T Ry . _
T A

. fu lop-fe\relnelpagemmorklﬁmry
- ‘:Thehclpniwuptovidesuﬁmrdﬂwmualonhowmuse&nmtpagesyuém
' 'lhedocumemﬁmcuon meny includuthefolionﬁng'ﬁmnm "

d : mmnonpyofadowmu
e ' printaclean copy of a form
. * print the statis of & document

A document function is initisted by simply pressing the bution and then touchihg any page of the document.
The status of a document indicates who published it and when, to whom it was delivered. and to whom and when it was
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subsequently submitted as a form.

The netpage network direciory allows the user to navigate the hierarchy of publications and services on the
network. As an alternative, the user can call the netpage network “900” number “yellow pages” and speak to a. human
operator. The operator can locate the desired document and rowte it to the user’s printer, Depending on the document type,
the publisher or the user pays the small “yellow pages™ service fec.

The help page is obviously unavailable if the printer is unable to print. In this case the “error™ light is Jit and
the user can request remote diagnosis over the network.

2 - . PEeRSONALIZED PUBLICATION MODEL
.. In the following description, news is used as a canonical pubheauvn example to illusirate personalization
mechanisms in the netpage system. Although news is often used in the limited scnse of newspaper and m:wsmsgmnc

_ news, the intended scope in the present context is wider. S i

. In the netpage system, the editorial content and the adventising content of a news publication are personalized
using different mechanisms. The editorial content is personalized according 1o the reader’s explicitly stated and smplicitly
captured interest profile. The advertising content is personalized according Lo the reader’s Jocality and demographic.

24, EoToniaL PERGONALIZATION

A subscriber can draw on 1wo kinds of news sources: those that deliver news publications. and those that
deliver news strezams. While news publications are aggregated and edited by the publisher. news streams are aggrepated
cither, by a-news publisher or by a specialized news aggregator. News publications typically commespond to traditional
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 bulietin board, or the reader’s own e-mail. - '

‘ - The netpage publication server supports the publication of edited news publications as well as the
sggregation of multiple news streams. By handling the aggregation and hence the; formatting of news streams selected
dirgeally by:the reader, the server is able to place advertising on pages over which it otherwise has no editorial control.
R Y wThe subscriber. builds a daify ncwspapcr by: sdecung one o more . eonmbunng news pubhcauons. and
" &feating & personalized vetsion of each. The resulting daily ‘editions are. mue?i ui'd bound together into a single
newspaper, The various members of 2 houschold typically expeess their dxﬂ'minmem and tastes by selecting different
WWMMnmﬂm Cet Taaeds Doy it
< o« tvzor JROF each publication, the mderopnonallyselm speciﬁc semons;Some sections appear daily, while others
sppeay: wwidy. “The daily sections available. from The New. York Times online;.for example. include “Page:One Plus”,
“National", “Intemational”. “Opinion”, “Business”, “Ants/Living”, “Techmology’;and “Sparts”. The sel. of available

, ueﬁonsuspeciﬁcloapubhcadon.asulhcdefuﬂlsubﬁ- - RETED

i .m;y,;, :r,‘nne mdetuneumdthedﬁlyncwspapcrhymugcustomseeﬂmmh ane drawing on any number of
mm Custom sections nngln be:created for.e-mail and friends’ annomce:u'n!s (“Pasoml"). or for monitoring

higb. qérﬁn!.g low, none), or numerically (i.c. asa pemuge) = . -
rr s ; ;rl'hc reader also optionally cxpresses a prcfm fora Jarge number ofshoncr,arﬁclm or a small number of
longer arqclu. Each article is ideally writien (or ediied) mbouu thort and long [ormup ppon this preference.

An article may 2iso be written (or edited) in different versions t@ mﬂch -thc expected sophistication of the
reader, for, example to provide children’s and adults® versions. The appm])nﬂe wversion  is selected according 1o the
reader’s age. The reader can specify a “reading age™ which takes precedence over their biological age. '

The anicles which make up each section are selected and prioritized by the editors, and each is assigned a
useful lifetime. By default they are delivered to all relevant subscribers, in priofity onder. subject to space constaints in

5..
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the subscribers” editions.

In sections where it is appropriste. the reader may optionally. enabie collaborative filtering. This is then
applied to articles which i:avc a sufficiently long lifetime. Each article which qualifies for collaborative filtering is prinied
with rating buttons at the end of the article, The buttons can provide an easy choice (¢.g. “liked™and “disliked"). making it
more likely thal readers will bother to rate the article.

Anticles with high priorities and short lifetimes are therefore effectively considered essemiial reading by the
editors and are delivered 10 most relevant subscribers,

The reader optionally specifies a serendipity factor, either qualitatively (e.g. do or don't surprise me), or
numerically. A high screndipity factor lowers the threshold used for matching during collaborative filtering. A high factor

- makes it more likely that the comesponding section will be filied 10 the reader’s specified capacity. A different serendipity
tmorcanbeswdﬁedfmdlﬂ'mdaysofmcwed:. . s
The reader: also’ optionally . specifies topics of particular interest within a sectiony and this modifies the

" privrities assigned by the editors.,

m:peedofﬂiemdcr'slnmmweﬁmaﬂmmeqmnynwhidximammbeddi:ﬂed.mm
optionally specifies a preferenice for fewer images 6r 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 quanlities, dates, times and monetary -values are localized. This
involves specifying whether units are immperial or metric, a local timezoné and time format, and a local curmrency, and
whether the localization consist of in situ translation or annotation. These preferences are derived from the reader's
focality by default.

To reduce reading difficultics cavsed by poor eyesight, the reader optionally speciﬁtsa'g!oba! preference for
a larger presentation. Both text and images ave scaled accordingly, and Jess information is accommodated on each page.

.:&" ‘The language fu which a news publicaiion is published. and its-corresponding text encoding; is a property of
.thepublicanonmdnoupmfmexpmssedbymem Howevu.thcnetpasesymmcanbeoonﬁgmedm pmwde

The personalization of the editorial content directly affects the advertising content.i becuuse advenising is

. typically placed to exploit the editorial context. Travel ads; for example, are more likely 10 appear in a travel section than

elsewlmmmueoflbeedimnﬂaomemmmldvuﬂsu(ﬁndtlﬁefuuomepubmher)hesmmabuuylom
large numbers of readers with the right demographics, - L :

‘ Eﬁmvcadmﬂsinguplmedmmmormzymwu Locality deteriplties proximity to

wﬂmldmmtwmmdmuﬂuwﬂmm%mmﬂwmﬁmmwm

n !emrhmmt. MWWWWMW«R&MBMWM

~ A news mbhshcr‘: most profitable” pmduct is advenising "spu:e % mﬂn—dimennouﬂ eﬁﬁfy ‘determined by
'ﬂ:e‘wblimon s geographmcova:ge. sthe size of its tudeship its maduﬂﬁﬁ‘dﬂiognplmsa aivd thé page aru avaifable

: for;dm;mg, TR S O I AR TR I B A FeomE o sl S.- .

In the netpage system, the netpage publicanon server oompmcs ithé: appmximale nm!ti-d:mcnszoml slze of a
- spublication’ ssaleahleadveui:mgspmcon aper-seaionbasxs wdnginwawolmuhcpublicmdn séaogm:hic coverage,
thcsocum srudmhip.}uwﬁu of each teader’s fection edition; eadneildet’s‘idvetusmg pmpomm. 20id esch feader's
In comparison with other media. the netpage system allows the sdventising space wbéae'ﬁned in greater
detail, and allows smaller pieces of it to be sold separaiely. It therefore allows it to be sold at closerto its oue value.

For cxample, the same adventising “slot™ can be sokd in varying proportions lo several advenisers, with
individual readers’ pages mandomly seceiving the advenisement of one advertiser or another, overall preserving the
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proportion of space sold w0 each advertiser.

The netpage system allows advenising-t0 be linked directly to detailed product information and online
purchasing. It therefore raises the intrinsic vajue of the advenising space.

Because personalization and localization are handled automatically by nctpage publication servers, an
advertising aggregator can provide arbilrarily broad coverage of both geography and demographics, The subsequent
disaggregation is cfficient because it is automaric. This makes it more cost-effective for publishers 10 deal with adventising
agegregators than to directly capre adveniising. Even though the advertising aggregator is taking a proponion of
advertising revenue, publishers may find the change profit-neutral because of the greater efficiency of aggregation. The
advertising aggregator acts as an intermediary between advenisers and publishers, and may place the same advertisement
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 uﬁilion-al.coumctpm. because the publication’s adventising space is more complex. While ignoring the full
complexitics of negotiations between advertisers. advertising aggregators and publishers. the preferred form of the netpage
system provides some automaled suppon for these negotiations, including suppont for sutomated mo'gs of advertising
space. Automation is particularly desirable for the placement of advertisements which generate small amounts of income,
such as smali or highly localized advestisements.

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

23 USER PROFILES
23.1 Information Filtering .

. The personalization of:news and other- publications relies on .an* assortment . of -user-specific. pmﬁlc
mfomanon. including: :

e. . . -collaborative filtering vectors - T . S
. presentation preferences

The customization of a publication is typically publication-specific, and 5o the cistomization information is
maintained by the relevant netpage publication server. . - < - qo - -

- A colisborative filteting vector consists of the user’s ratings of a number of news items: It-is-used to correlate
different users’ interests for the purposes of making reconiinendations. Although there are benefits 1o misittaining a single
collaborative filtering vector independently of any particular publication, there are two reasons whiy it is more peactical to
‘maintain a separate veglor for cach publicarion: there is likely t0'be: more overlap bétween the vectors bf subscribers to'the

. same publication than between those. of subscribers 1o different wbhcmions.tmda publication isTikely't6 warit to-present '

its users” collaborative ﬁlu:nng vectors as part of the value of i its brand. not to be louhd elsewhere: Colisboraiive Giliering
vectors are therefore also maintained by the relevant neipage publication server.- R T
o Conmdﬂmk.nwludingnm mectaddress.ZIPCode state, cOuntry. tclcphonenmnbcts.mglobal by
: nannt,uﬂutmnnuimdby lwpagamgismmon SETVEL. . . - et vt i e
Presentation preferences. including those for quantities. dates and Himes, are likewise: global and maintained
_ in the same way. . . Y
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. marital status. income. profession. education. or

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

Each user. pen, printer, application provider and application is assigned its own unique identifier. and the
nelpage regisiration server maintains the relationships between 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 allow any number
of users to use it. Each user has a-single default printer (st 66). to which periodical publications are delivered by default,
whilst pages printed on demand are delivered to the printer through witich the user is interacting. The server keeps track of

“which publishers a:user has authorized to print to the user’s:default printer. A publisher does not record the ID of any
particular. printer, bu instead resolves the ID when it is required: .

When 2 user subscribes 808 to a publication :807. the. publisher 806 (i.c. application provider 803) is
authorized to print to & specified printer or the user’s default printer. This authorization can bcmvokcdat:’nf'dme by the
user. Each user may have several pens B01, but a pen is specific to a single user. If a user is authorized 10 usc a particular
printer. then that printer recognizes any of the user’s pens.

) ThepeaIDuusedmbwethecomspondmzmmﬂemnwwdbyapamqﬂwmmagemmsmon
server, vit the DNS in the usual way.

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

The netpage system cin collect, on behalf of a printer provider, fees and commissions on income eamed
through publications printed on the provider's printers. Such income can include advenising fees, dick-through fees, e-
commerce commissions. and transaction.fecs. If the printer is owned by the iser, then the user is the printer provider.

Eadmsaalsohuanﬂpagemum 820vmid|husedmmmﬂm micro-debits and credits (suchtslhosc

dambedinlhepteoedmgpangmph),comactdemb&S includmgnm.addrmmdteleplmenumben globtl
preferences 816, including privacy, delivery and localization wnin_g_s. any number.of:biometric records 817, containing
the user's encoded signaure. 818, fingerprint 819 ete; & handvriting model 819 automacically maintsined by the system:
mdSEtpaymemwﬂmumsSleiﬂnwhche-mpamsmbem
2.3.2 Favorites List i e :'.i
Ampageusacanmmuinahnm&"favodm'&-mmwuuﬁddoummm onﬁwnetpagenctwork.
ﬂwbst;smnumedbythcsy:mmmﬂwuwsbewf ltis,mizedasah:mdayoffoldmm apm[mmd
qnbodlmcnlofwmwuﬂ\owninﬂuchssdhgmminﬁmﬂg, L

2.3.3 :H'ﬂo‘yuﬂ : LR TR LA R Rt
Lo mmmminmmahsmhn929wmw4bdmﬁmghnhmdmmammmw

LN

mewumm:mmmhuomuammua.ammmmawm&umm

a-, ;mcdassd(agrmmﬁguredz. sl ofion o EEE T 4vbt. e B R s g
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; 'menelpagepubliwlonmnnomwtyhysomﬂnmuﬁmmspamwmbhmonma
socuonoby section basis. Sitce most advcmsem:ms are in-the fomofpm-formtted rectangles;: lhcy #re placed on the
pagebefomd\eedltmalcmucnl. . IR L Lo

The advertising ratio for a section can be achieved with vnld]y varying advertising ratios on indi\ndua! pages

within the section, and the ad layout algotithm explolts this. The algorithm is configured w0 attempt W co-locate closely
tied cditorial and advertising content, such s placing ads for roofing material specifically within the publication becanse
of a special feature on do-it-yourself roofing repairs.

-,

&

b
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The editorial content selected for the user. including text and associaled images and graphics. is then laid oyt
according to various aesmeuc rules.
The entire process, including the selection of ads and the selection of eduonnl content, must be jterated once
the Jayout has converged. to attempt 0 more closely achieve the user’s stated section size preference. The seclion size
5 preference can, however, be matched on average over lime, alfowing significant day-to-day variations.
25 DOCUMENT FORMAT
Once the document is laid out, it is encoded for efficient distribution and persistent storage on the netpage
network.
The- primary efficiency mechanism is the separation of information specific 10 a single user's edition and
10  information shared between multiple users’ editions, The specific information consists of the page layout. The shared
information consists of the objects 1o which the page layout refers. including images, graphics, and picces of text.
A 1ex1 object contains-fully-formatted textrepresented in the Extensible Markup Language (XML} using the
Extensible Styleshect Language (XSL). XSL provides precise control over text formaning independently of the region
- intowhiduhe-lexlisbeingset.Mintﬁsmkhﬁngmﬂdedbydwlmﬁwwnobjmmﬁnsembedded
15  langusge codes to enable automatic translation, and embedded hyphenation hints 1o aid with paragraph fo;mauing.
An image object encodes an image in the JPEG 2000 wavelet-based compressed image foneat. A graphic
object encodes a 2D graphic in Scalable Vector Graphics (SVG) format.
- The Layout itself consists of a series of placed image and graphic objects, linked textflow objects through
which text objects flow, hyperlinks and input fields as described above, and watermark regions. These layout objecis are
20  summarized in Table 3. The layout uses a compact format suitable for efficient distribution and storage.

. Table 3 - netpage layout objects

Fonmiat of
S . Ninkedobject | - ] _
iE JPEG 2000
G
~ PAAIKSL
TR .-.- u-.-_i?.'ve-m..“-g;.' eran e B [T ﬂiﬁ;?é"i
“c - B YTt PG
1 EAR T HENEN
7 26 DOCUMENT DISTRIBUTION .
25 - As ducnbed aboveé. for purposes of cfﬁcuem dastn‘bunon and persistent storage on thc netpage network, a

user-specific page layout is separated from the shared objects to which it refers.
When a subscribed publication is ready o be distributed. the netpage publication server allocales. with the
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halp of the netpage ID server 12, 2 unique ID for each page, page instance, document. and documem instance.

The server computes a st of optimized subscts of the shared content and creates a multicast channel for each -

subset, and then tags cach user-specific Jayout with the names of the multicast channels which will carry the shared
content used by that [ayout. The server then poinicasts each user’s layouts to that user’s printer via the appropriate 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 ils page layouts.
The page servers persistently archive the received page layouts and shared qoniem.

Once a printer has received all the objects to which its page Iayoutsrefer. the printer re-creates the fully-
popnlmedlayomandthennﬂmusandmntm e

Under nonmal circumstances. the printer prints pages faster than they can be delivered. Assuming a quarter of

- each page is covered with images.the average page has a size of less than 400KB. The printer canstherefore hold in excess

of 100 such pages in its internal 64MB memory. allowing for temporary buffers etc. The printer prints o a rate of one
page. per sccond. This is equivalent to 400KB or about 3Mbit of page data per second. which is similar 10 the highest
expected rate of page data delivery over a broadband network.

Even under abnormal circumstances. mchuwhcnmcpnmermnsoulofpaper it is likely thar 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 10 make use of a
multicast when it first occurs. The netpage publication server therefore allows printers to submit requests for re-multicasts.
When a critical number of requests is received or a timeout occurs, the server re-multicasts the corresponding shared
objects.

Onccadocumuspnnled.apnnmcanpmduoeancxactdup!mumyumebymnmngiupagclayouts
and contents from the relevant page sexver. - SR :
27 Ou-DmmoDms _ _

TR Wheuanetpagedommusrequmedondemd.itcanbepetsmdlmdmddehveredinnm:hthesame
way a5 a/periodical. Howem.mdﬂckmﬂmedwmmudchmybnndedim!ywmemquﬁﬁngmmmuml
drmofmnlm :

thnanon-nupamdommcm is requesied on demand, it snd;'pmoullwd.mduisdehmedma
dui;naqlnﬂpagefmmungmMWituamcmwAmwgm-ka—w
instance of a netpage publication scrver. The newpage formatting server has' kndwdedge of various Internet document
mmuAmsmwmmmumtmmwmn In the case of
M.hmmkemof&mmduﬁonoftbemdmemmmtwwmuinamlu-oolumfamﬂ.wiﬂu
ubleofmuns.ltunmmmucﬂlyhuudcaliWebpagummalylmkedwlhemmme.Thcmm mnclhu

3 belmmndaaprefm . SR -M

. 'The netpage formatting mermaks standardnapage behavior. includmgintmmy ad - ﬁ’eﬁimcc
avﬁhblemmymmdowmnmnmmwhuismpnmrmﬂtlﬂdu"__ |
fmmﬂsfrombommemtpascpﬁnmmmemgepagem andludeslmowhdgeot‘lhenctpagesymmfmm\\’eb

saqvers. . . Do e e
3.1 CRYPTOGRAPHY

Crypto;rnphy is used 16 protect sensitive information, both in storage and m transit, nnd 10 amlhcaume
pames 0 a transaction. There are 1wo clasm of cryptogrephy in widespread use: socra-key crypiography and public-key

cryptography. The netpage network use; both classes of cryptography.
Secret-key cryptography, also referred to as symmetric crypography, uses the same key to encrypt and

)
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dectypt a2 message. Two pantics wishing to exchange messages must first ammange to securely exchange the secret key.

s Public-key eryptography, also referred to as asymmetric cryptography, uses two encryption keys, The two
keys are mathematically related in such 2 way thar any message encrypted using one key can only be decrypted using the
other key. One of these keys is then published, while the other is kept private. The public key is used to encrypt any
message intended for the holder of the private key. Once encrypted using the public key, a messape can oaly be decrypted
using the private key. Thus two parties can securcly 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 10 generate the key pair.

Publio-key cryptography can be used to create & digital signature. The holder of the private key can create a
known hash of 2 message and then encrypt the hash using the private key. Anyonc can then verify that the encrypted hash
constitutes the “signature” of the bolder of the private key with respect to that panticular message by decrypling the
encrypted hash using the public key and verifying the hash agajnst. the message. If the signature is appended to the
message. then the recipient of the message can verify both thatthe-message is genuine and that it has not been aliered in
transit,

To make public-key cryplography work, there has to be a way 1o distribute public keys which prevents
impersonation, This is normally done using cestificates and cestificate anthorities. A certificate. authority is a trusted third
party which authenticates the connection between a public key and someone™s tdentity. The certificate authority verifies

. the person’s identity by examining identity documents, and then creates and signs a digital certificate containing the

person’s identity details and public key. Anyone who wusts the certificate authority can use the public key in the
certificate with a high degrec of certainty that it is genuine. They just have to verify that the certificate has indeed been
signed by the cenificate authority, whose public key is well-known,:

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

_ securely exchange sccret session keys. Secret-key cryprography is used for all other purposes.

In the following discussion, when reference fs made’to the secure transmission of information. between a
netpage printer and a server, mmwn:wemmmﬂwwmmoMMuwmsmﬁﬁmmmmﬂmhwim

rhrctamlodbmuﬁmcwdmty umﬁwpubhckey-exﬁngc yinﬂmmnﬁmmexdmgeamﬂusfonhy '

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

-+ : mrbitrarily short lifetime. o - Lotk

- 32 . Nmmpamsmmv N

Mnmgewmwumwdapmofuniquc;dmﬂmnum ofmanufactumwh:durcmmdmmd—
onlymemmylnﬂlepnmerm!indumereglmo_nmﬁﬂmbase.ﬂnﬁmm&is_mbhcanduniquelyl_dmuﬁs
the printer on the netpage network. The second ID is secret and is used when the printer is first registered on the petwork.

When the printer connects to the netpage network for the first time after. installation, it creates a'signature
public/private key paie. & transmits the secrct [D and the public key.pecurely to the netpage registration sesver. The server

-.mmmmnmmm'smlpwmnmmeWum%

mzich. It then creates and signs a certificate ooma:mng the pnnlpr,; pnbl:c D and publlc signature key, and.stores the

: mﬁﬁcuemlhcregimaﬁondmbm C e o e

ﬂnnespagemglmonsqmmnsawuﬁmanUmmyfornctpage priniers, smce nhasmtom

- information allowing it to venfy printer, :d:nmy

thnausctmbsmbamapubhmoa arecordasmwdmthemtpagemg:stmionmadmbasc

. mthoﬂzmg the publisher to print the publication 1o the user’s default prinier or a specified printer. Every document sent

o2 pﬁnler viq a page server is addressed to a particular user and is signed by the publisher using the publisher's private

 signature key. The page server verifics, via the registration database, that the publisher is authorized to deliver the
publication to the specified user. The page server verifics the signature using the publisher's public key, obtained from the
publisher’s cenificate stored in the registration database.
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The netpage registration server accepts requests to add printing authorizations 10 the database, 50 long as
those requests are initiated via a pen registered to the printer. :
33 NETPAGE PEN SECURITY '

Each netpage pen is assigned a unique identifier at time of manufacture which is stored in read-only memory
in the pen &nd in the netpage segistration server database. 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 registered. they regularly exchange session keys. Whenever the pen transmits digital ink to the printer. the digital ink
is always encrypted using the sppropriate 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‘ID. Both have a large but finite storage capacity for session keys, and will forget a
session key on a leasl-recently-used basis if necessary.

‘When a pen comes within range of a printer, mepenmdplimdiscoverwhexhefmeykngweldioﬂm. If
they don't know cach other, then the printer detenmines whether it is supposed 10 know the pen. This might be, for
exanple, becaisse the pen belongs to a user who is registered 10/ use the printer. 1f 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 it agrees
with the pen to ignore it until the pen is placed in a charging cup, at which time it initiates the registration pracedure.

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
ID to the printer, and the printer transmits the pén ID to the netpage registration server. The server geperates a session key
for the printer and pen to use, and sccurely transmits the session key to the printer. It also transmits a copy of the session
key encrypted with the pen’s key-cxchange key. The printer stores the session key internally, indexed by the pen ID, and
msmuﬂwmaypwdmsmkeymmmmmmﬂumkeymmnmy indexed by the printer ID.

- MdmﬂxlﬁbpmmimpmmammdwmwlxmLmiyatulpencmdewyptlhe

- session key transimitted by the printef *

Whmamwonslymngiﬂaedpeﬂisﬁmwgiﬂuad.itisafﬁnﬁwduseunﬂl it is linked to-a user. A
registered but “un-owned” pen is only allowed to be used to request and fili in detpagé nser and pen registration forms, o

" register a new user to whichi the mwh'mmwm«tb'mlmmmmcﬁsﬁngm.

-The pen uses secrét-key rither than public-key encryption becsuse of b pert e
m - . R . ] . lmd wiare oTmance Consiy: i

The nétpage sysiem shpports ihe delivery of-secure docismients such=as tickets and- coupons. ‘The. netpage
peinter fticludes a ficilitys print whierhiarks; but will culy do o on request from pablishers who are suitsbly suthorized. ™

‘ mmwmind.mmwmlymmmwmmmu céntificaie; whxd:thepmwris able 1o authenticate;”

The “waicrmirk™ puindngpumummﬂmwwdiﬂmmmfmwﬁed“wuumrk regionsofthc

"maM%bkamm‘hnmimgemmkmmMu&lmindde when printed. Thediﬂncrnwmesust.d

in odd and even pages’ watmkmgronsmdwmedwpmdweinmqumtﬁeawhmthemgmnsmmwcd

'tngﬂhu adaievedbyloobngrhmgh‘ﬂiépnnwdm coE TR

“The effect i similar (6 &' Watértark-in that it is not visible whert looking at only one side of the page. and is
lost when the page is copicd by normal means. '

Pages of secure documents ‘cannot be copied using the built-in netpage copy mechanism described in Section
1.9 above. This extends to copying netpages on netpage-aware photocopiers.

Sccure documents are typically generated as pant of e-commerce transactions. They can therefore include the

s;;-
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user’s photograph which was captured when the user registered biometric information with the netpage registration serves.
as described in Section 2,
When presented with a securc netpage document. the recipient can verify its authenticity by requesting its

" status in the usual way. The unique 1D of a secure document is only valid for the lifetime of the document, and secure

document IDs are allocaled non-contiguously to prevent their prediction by opporunistic forgers. A secure documen
verification pen can be developed with built-in feedback on verification failure, to support easy point-of-presentation
document verification.

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

- provides an added level of sccurity where it is needed. but is still not entirely immune 0 forgeries.

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

E-commerce payments made through the sysiem, as described in Section 4. are also impossil:je for the payee
to repudiste. _

4 ELECTRONIC COMMERCE MODEL
4.1 SECURE ELECTRONIC TRANSACTION (SET)

The netpage system uses the Secure Electronic Transaction (SET) sysiem 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 certificaze authority and are issued with certificates
containing their public signature keys. The certificate authority verifies a cardholder's registration details with the card

“issuer a5 appropriate; end verifies a merchant’s registration details: with the acquirer asappmpnm Cardholders and

-,mdxmmﬂwirmpecnvemvmngmmkcysm!ymmﬂrmmwm Dunngdmpaymlpmeess.t!ws:r

ouﬁﬁmuuemdtommlyauﬂwnuweanmhmtmdwdholdcr andtommenncuemembotﬁmmepaymt
s rees o - SET has notiyet-been adopted widely; partly beuusecard\oldcrminwnanceofkeys and centificates is
mdewd burdensorne, Interim solutions which maintsin cardholder keys and certificates on & server and give the

+: cardholder access via a password have met with some success.

42 SET PAYMENTS _ . R
[ lnthenﬁpagesys!emlheneqngercgimnonsemmasaproxyfortbenetpagemcr(.e.tlwwdholder)
in SET payment transactions. . SR :
memumMommumemmMmdmmSHmmnmmmm
ispembased,meblomicusedisﬂwuser'son-hmsignamre.eonslmngofumvamngpmposiﬁsﬁmdmm A
upﬁntblomeuicmﬂsobemedbydeslgmugaﬁngermmmmwlhepa:.a!lhougha!ah:ghumﬂmypeof

biormmeusedonlylﬂ‘mﬂwcapuucofdx biomcmc notdlcwthmmonaspmoftbcsymm SE e

The first step to being able so make SET payments 15 to Tegister the” user 'S biomenic vmh 1hc netpage
regisiration server. msudonemaoommucdcnwronmt. forexample 2'bank; wimfcthe-biomcmbenpmred at

--.lhcmnelimasmcuscr sidcuuty 1svuiﬁed.mbloMclsapmreduldstorederepsmmduabm Tinked to
_ the user’s.record. The user's photograph is also- -optionatly captured and.lmked to the: record. The: SET candholder

regmnnon process is completed,: and the msulung privale signature key and certificate are stored ifi the database. The
user’s payment card information is also stored. giving the netpage registration server enough information to act as the
user's proxy in any SET payment transaction.

When the user eventually supplies the biomeiric o complete a payment. for example by signing a netpage
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order form, the printer securcly transmits the order information. the pen 1D and the biometric data 1o the newpage
registration server. The server verifies the biometric with respect to the user identified by the pen ID, and from then on
.acls as the user's proxy in completing .lhc SET payment transaction.

43 MICRO-PAYMENTS

5 The netpage system includes a mechanism for micro-payments, to atlow the user to be conveniently charged
for printing low-cost documenis on demand and for copying copyright documenis. and possibly also to aliow the user 10
be reimbursed for expenses incurred in printing advenising matcrial. The latter depends on the level of subsidy already
peovided to the user.

. When the user regisiers for e-commerce, a network account is mbhsbcd which aggregates micro-payments.
10 The user receives a statement on a regular basis: and can scttie any outstanding debit balance using the standard payment
' The network acoount can -be extended 10 sggregatc subscription fees for periodicals. which would also

otherwise be presented to the user in the form of individual staternents.
44 TRANSACTIONS ’

15 When a user requests a netpage in a- particular application comtext. the application is able to embed a user-
specific transaction ID 55 in the page. Subsaquent input through the page is tagged with the wansaction 1D, and the
application is thereby able to establish an appropriaie context for the user's input.

When input occurs through a page which'is ot user-specific, however. the application must use the user’s

. unique identity to establish a context. A typical example involves adding items from a pre-printed catalog page to the
20  user's virtual “shopping cart™. To protect the user's privacy. however, the unique user ID 60 known to the netpage system

is not divulged to applications. This is to prevent different application provxdcrs from easily correlating independently

accumaulated behavioral data.

) qugmwmmmdmﬁnuimmmmymmhnonﬂupbﬁmnammdm

: :pplmnon maumqu: ahnleGS. a_s_shpwnin ngre‘u Wheneverlhcmammesahypﬂlmk uggcd with thc

: IDM.logetherwuh the pen ID 61, into an alias ID 65. The alias lDism submitied to the hyperlink’s application.
AR The application :majntains -state information indexed. by-alias-ID. and is able to remieve user-specific state
*, »information without knowledge of the global identity of the user.
The system also maintains an independent certificate; and- private signature key for each of a user's
30  spplications. to allow it to sign application transactions on behalf of the user using only application-specific information.
et - To assist the system in routing: pmduabueodc(UPC) 'ﬁYPﬂhﬂk activations, the system records a favorite
application on behalf of the user for any number of prodoct types. -
RETN MWMKWM&NLWM .and the system maintains an-account on behalf of
-+ each application provider. to allow it 0 credit and gebit the pm\nder for click-through fees etc.
g " v An-2pplication:provider: dln be & pitblisher: ofperlodwa! mbsm‘bed content: The system.-records the user's
wﬂhngness to receive the subscribed: publicuion. as well as the expected frequcncy of publication. - P
BB aesouncebescnmwusmnmmn R FIGE '
Apurened embodiment ofammdsmpum c.lssdugnmushown in F:gumm
it e ExhdoummmdwnmmobjeamaybedambedbymmmmmdwcﬂwomﬂlResouroe
40 . descriptions use the Dublin Cofe-metadata element set; which is designed 15 facilitate discovery 6f electronic resources.
Dublin Core metadata confosms|to the World Wide Web Consontium (W3C) Résource Description Framework (RDF).
A resource descripion may identify rights holders 920, The netpage sysiem antomatically trarisfers copyright
fees from users to rights holderq when users print copyright content.
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5 Communcanions PROTOCOLS

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

Each protacol is illustraled by way of a sequence diagram in which the hotizontal dimension is nsed 1o
represent message flow and the vertical dimension is used to represent time. Each entity is represenied by a rectangle
-containing the name of the entity and a venical column representing the lifeline of the entity. During the time 2n entity
exists; the lifeline is shown as & dashed line. During the time an entity is.active, the lifeline is shown as a double line.
Because the protocols considered here do not create or destroy entities, lifelines are generally cut short as soon as an
efnitity ceases to participate in a protocol.

81 - SUBSCRIPTION, DELIVERY PROTOCOL

A preferred embodiment of a subscription delivery protocol is shown in Figure 43,

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

The application (i.e. publisher) first obtains a document 1D 51 for each document from an 1D server 12. It
then sends cach document structure, including its document D and page descriptions. to the page server 10 responsible
for the document’s newly atlocated ID. lvincludes its own application ID 64, the subscriber’s alias 1D 65, and the relevant
set of multicast channel names. k signs the message using its private signatare key. -

‘The page server uses the application ID and alias ID to obtain from the registration scrver the cotresponding
user 1D 60, the user’s sclected printer 1D 62 (which.may be explicitly selected for the application, of may be the user's
default printer), and the application’s certificate. S

The application’s centificate allows the page server:to verify the message-signature.- 'lh&m: senrer s request

40

tration mﬁlufﬂwapplimmnlbiﬁﬂmlbdon L together idenify & subscription £08.
The page server then allocates document and page instmccll)samlfmw;rdsllnmge descriptions, including

. -page IDs 50. 10, the printer; Itincludes the relevant set of multicast channel names for the printer 1o listea to.

It then returns the newly allocated page IDs to the application for future reference.
Once the application has distributed all of the document structures to the subscribers” selected printers via the

. velevant page servers, it multicasts the various subsets of the shared objects oudwpcvimsly‘seleded ‘multicast channels.

Bothpu;esmrmmdplintersmumrmeappmpnucmnumchmmlsmdmveumrmquimdmmobjws They

. .aze then sble t0;populate: the previously poinicast:document structures. This allows:the page scrvers to add complete
. .;doql_mtslollwirdatabm-md :ullows;lhemmm-mpmtsme;dne\mu. -

A pmfcrrod mbodimt ofa hyperlmkmm.ion pmtoool jis-shown in Flgum 45 it g
thnauserdlcksonanetpagcmuaanétpagepen uwpenmummmesdw’clicklomenmstmtpage
printer 601. The click identifics the page and a Iocalion on the page. The ptinter aluady knows lhelD 61 of the pen from

- --ﬂlcpcneonmmonpmmepl 1 C hm e pam o B S

Thepnnterdctetmines.mﬂmDNS ﬁwmworkaddrssofﬂwpagem lf)qhandlmgu\epnmwlarpagc

- 1D 50: maﬂdrecsmaya]rcadybemmcachelfduuserhasreoemlymmuedmmﬂwamepage.mpnnm then

forwards the pen 1D, its own printer ID 62. the page 1D 2nd click Jocation to the page scrver

The page scrver Joads the page description § identified by the page ID and determines which input element’s
zone 58. if any. the click lies in. Assuming the relevant input clement is a hyperlink element 844, the page server then
obizins the associared zpplication ID 64 and link YD 54, and detesmines. via the DNS, the network -address of the
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application server hosting the application 71.

The page server uses the pen 1D 61 10 obtain the corresponding user 1D 60 from the registration-sérver 11.
and then allocates a globally unique hyperlink request ID 52 and builds 2 hypeﬂink request 934. The hyperlink request
class diagram is shown in Figure 44. The hyperlink request records the IDs of the requesting user and printer, and
identifies the clicked hyperlink instance 862. The page server then sends its own server ID 53. the hyperlink request ID,
and the link 1D to the application.

The application prodoces a response document according to application-specific Jogic. and obiwains a
document 1D 51 from an ID server 12. |t then sends the document to the page server 10b mpdnsible for the document’s
newly allocated 1D, together with the requesting page server's ID and the hyperlink request-ID. -

‘The second page server sends the hypeslink request ID and application ID to the first page serveﬂooblainmc

ndmsuscrlDandpnnmlDGZ The first page server rejects the reguestif the hyperllnkrequesthas expired or is
for a different application. =

The. second page server allocates document instance and page 1Ds 50, mums:hencﬁdya.llowed page IDs to
the application; adds the complete document to its own database. and finally sends the page desmptions?to the requesting
The hyperlink instance may include a meaningful transaction 1D 55, in which case.the first page server
includes the wansaction 1D in the message sent to the application. This allows the application 10-establish a transaction-
specific context for the hypeslink activation.

If the hyperlink requires a user alias, i.e. its “alias required” atiribute is set; then the first page server sends
both the pea ID 61 and the hyperink’s application ID 64 o the registration server 11 to obiain not just the user 1D

- comesponding to the pen 1D but alse the alias ID 65 comesponding to the application ID and the user ID. It includes the

alias ID in the message.sent to the application, allowing the application 1o establish-a uscr-:pec:ﬁc context for the
hypertink activation. S E T -
83 - - HANOWRITING RECOGMTION PROTOCOL ST

thnauscrdtﬁsaﬁokconanetpagcmﬂnanﬂpagepen.dwpmmmmcwﬂtmkemmcm

'Ihcmnlufomudsthepmmﬁl mownpnuu:rll)ﬁz dupaseiDSOmdmkepath‘mtlnpagemver
wm“mw : . B

- ‘lh.-.rpsgcwver loads the page description S identified by the page ID and deterniines which input etement’s
zone 58, if any. the stroke intersects. Assoming lherelemtinputelemtuuexiﬁeldm mepagomappendsthc
stroke 10 the text field's digita) ink. - ERTRINS

Aﬁerapetiod'ofimaivitymﬂlemncofdnecenﬁcld.&nm@émmﬂfﬂt&ﬁmmuﬂmmm
detmgimﬁonmllfwmmammﬁmngmﬂmmmﬁsmmr'_jf' oiidirig to the pen,
mdusnd’cmet’s aownﬂm:dhandwnung modclSZZwmtumlmcmkts‘Khmdwnm texﬁ*ﬁnee uhasaonmted
memkummmcmgimmmmmmﬂwmmdnmquesungpagem mbageﬁemrappendsthetexun

' d‘m"ﬂuﬂof“mmu‘ FIch Lo E R LANATK TIPS SRS SN . S S il o THE C

54 . SIGINIA‘!'I.IREVEIIFBA’I'IW PROTOCOL. - LI B S RIS YA SR
) Assurmng the input clement whose zone ‘the stroke imersacts IS 2 sngnamre ﬁeld 880’![1&: ‘page server 10
awa\dsﬂnsuuketom:isrmmfeld'sdlgiulmk. RN o s g g
Aﬁcrapenodofmwtylnmezoncofﬂ\esigmmm ficld, IhcpagcscwerienisﬂlepeHIDG\ and the
pending strokes to the registraion server 11 for verification. It also sends the application 1D 64 associated with the form
of which the signature field is part. as well a5 the form ID 56 and the carrent data comém of the form. The régistration
server identifies the user comesponding to the pen, and uses the user's dynamic signature biometric 818 1o verify the
strokes as the user’s signature. Once it has verified the signature. the registration server uses the application 1D 64 and

i
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user [D 60 to identify the user’s application-specific private Signature key. It then uses the key to generate 3 digital
signawre of l.bc form data,"and reroms 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 to frozen,

The digital signature includes the alias ID 65 of the corresponding user. This allows a singlé form to capiure
multiple users® signatures.

55 Form SusmssION PROTOCOL

A preferred embodiment of a form submission protocol is shown in Figure 46,

Form submmission eccurs via a 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 hyperfink activation message sent by the page server 10 1o the application
‘71 also contains the form ID 56 and the current data content of the form. If the form conuins any signature fields. then the
application verifies each one by. extracting: the alias ID. 65 -associuted with the comesponding digital signature and
obtaining the corresponding certificsie from the registration server 1).

56 Commission PAYMENT PrROTOCOL

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

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

The hyperlink request ID 52 is used to route a fee or commission credit from the target application provider
70a {c.g. merchant) to the source application provider 70b (i.c. publisher). and from the source application provider 70b to
the printer provider 72.

‘The target application receives the hyperlink request 1D from the page server 10 when the hyperlink is first
sctivated. as described in Section 5.2 When the target application needs to credit the sousve application provider, it sends
the application provider credit to'the original page mcnogdhwwuh the hyperlink requcst iD. The page server uses thc

il

7",:hypethnkmqmlDtoxdmufythem ::pplmon lndsends ‘the credit on (o the relevant | reglsmnon sewer 1
- togethér with the source application 1D 64; its own server: 1D 53, and the hyperlink: request ID. The registration server

credits the corresponding application provider's account 827 It also notifies the application provider.

4f the application provider needs to credit the printer provider, it sends the printer provider credit to the
original page server together with the hyperlink request 1D. The page server uses the hyperlink request ID 16 identify the
printer, and sends the credit on to the relevant regisuration suvcttogethu'mththcpnmerm.‘mengimonm
credits e comesponding printer provider account 814,

The source application provider is optionally notified-of the identity of the' tanget apphmon pm\nder,
the printer provider of the identity of the source apphwion provider.

R - 3 - NETPAGE PEN DESCRIPTION - e ae

8.1 Pﬂlllm HEREEIE B AL R T - - 10 U1 SR S L ERTRTIN Rl PR
Referring to Figurés B and9, the pen, generally designated by refesence muméral 101 includes & hoiising 102

-.in the form oflp!astics moulding having walls 103- deﬁniﬁgrdn’ interior space 104 for mountifig the pen mnponcm" ponents. The

pentop IDSnsmopmﬂonromablyuumtedumend lOGonhehousing 102: Aseuu-mnmnimﬂmusmmd

- .to the opposite end- 108 ofu:ehouting 102.-The cover 107 is* alsoormoulded p[mics!andixfomwd from. semi-

transparent material in order 1o enable the user to view the status of the LED mounted- within ﬂ\e housing 102, The cover
107 includes a main part 109 which substantially suriounds the end:108 of the housing 10Z and a projecting portion 110
which projects back from the main pan ‘109 and fits within a corresponding slot 11} formed in the walls 103 of the
housing 102. A radio antenna 112 is mounted behind the projecting portion J 10. within the housing 102. Screw threads
113 surrounding an apcruire 113A on the cover 107 are arranged to receive a metal end piece 114, including

b
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corresponding screw taeads 115. The metal end piece 114 is removeble to enable ink cartridge replacement.

Alsa mounted within the cover 107 is a tri-color status LED 116 on a flex PCB 117. The antenna 112 is also
mounted on the flex PCB 117, The status LED 116 is mounted at the top of the pen 10t for good all-around visibility.

The pen can operate both as a normal marking ink pen and as a non-marking stylus. An ink pen canridge 118
with nib 119 and a stylus 120 with stylus nib 121 are mounted side by side within the housing 102. Either the ink
cartridge nib 119 or the stylus nib 121 can be brought forward through open end 122 of the metal end piece 114, by
sotation of the pen top 105. Respective slider blocks 123 and 124 are mounted 10 the ink canridge 118 and stylus 120,
respectively.. A rotatable cam barre} 125 is secured to the pen top 105 in operation and arranged 0 rotate therewith, The
cam barrel 125 includes a cam 126 in the form of 2 slot within the walls 181 of the cam barrel. Cam followers 127 and
128 projecting from slider blocks 123 and 124 fit within the cam slot 126. On rolation of the cam barre! 125, the slider

/blocks 123 ot-124 nove relative 1o each other to project either the pen nib 119 orstylus nib 121 out through the hole 122
in the metal end picce 114. The pen 101 has three states of operation. By turning the top 105 through 90° steps. the three
stales are:

. 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 clectronics chassis 130 which sits within the housing 102. The
second flex PCB 129 mounts an infrared LED 131 for providing infrared radiation for projection onto the surface. An
image sensor 132 is provided mounted on the second flex PCB 129 for receiving reflected radiation from the surface. The
second flex PCB 129 also mounts a radio frequency chip 133, which includes en RF wansmitter and RF receiver, and &
controller chip 134 for controlling operation of the pen 101. An optics block 135 (formed from moulded clear plastics)
sils within the cover 107 and projects an infrared beam onto the surface and receives images onto the image sensor 132,
Power supply, wires. 136 connect the components on the second flex PCB 129 to baitery contacts 137 which are mounted
mlhmthecambﬂrcl 125 Atmnim! lSScoumclstomebancrycomacls l37md!heambmtl 125 Aihruvol!

réchargéable baitery. l39msudthinthecamhm 125 in contact with the battery contacts. An induction charging coil
140 is.moupted about the second. flex PCB 129 to enable secharging-of the battery 139. via induction. The sccond flex
PCB 129 also, mounts an infrared LED 143 and infrared photodiode 144 for detecting displacement in the cam barrel 125
when cither the stylus 120 or the ink cartridge 118 is used for writing, in order to enable a determination of the force
being applied to the surface by the pen nib 119 or stylus nib 12). The IR photodiode 144 detects light from the IR LED
143 via reflectors (not shown) mounted on the slider blocks 123-and 124. L

Rubber grip pads 141 and 142 arc provided towands the end 108 of the housing. 102 to assist gripping the pen
101, and top 105 ajso includes a clip 142 for clipping the pen 101 to'a pockel.
82 PENCONTROLLER S . :

The pen 101 is armanged 10 determine the position of its nib (stylussiib 121 or-ink cartridge nib 119) by
imaging, in the infrared spectrum, an area of the sutface in the vicinity of the nib. It-records the location datz from the

‘ mes:locanon tag, and.is arranged to calculate the distance, of the nib 121 or 119 frommelounonubuulmng optics

125 and conwetler chip 134. The comtroller chip 134 calwlaﬁes the orientation of the pen and the n:b—w-ug distance from
the perspective d:swmon observed on the imaged tag, : - s

Unlismg the RF chip 133 and antenna llzlhepm l01 ‘CAn transmit lhcdlgunl Inkdm(wh:ch is encrypted
for security and packaged for efficient transmission) to the oompuung system.

' When the pen is in range of 2 receiver. the digital ink data is transmitted as it is formed. When the pen 101
moves out of range. digital ink data is buffered within the pen 101 (the pen 101 circuitry includes a buffer arranged
store digital ink data for approximatcly 12 minutes of the pen motion on the surface) and can be transmitted Jater,

The controller chip 134 js mounted on the sccond flex PCB 129 in the pea 101. Figere 10 is a block diagram
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iltustrating in more detail the architecture of the controller chip 134. Figure 10 also shows representations of the RF chip

133, the image sensor 132, the tri-color status LED 116, the IR illumination LED 131, the IR force seasor LED 143, and” -
the force sensor photodicode 144. . -

The pen controller chip 134 includes a controlling processor 145. Bus 146 enables the exchange of data
between components of the controller chip 134. Flash memory 147 and a 512 KB DRAM 148 xre also included. An
analog-to-digital converter 149 is arranged to conven the analog signal from the force sensor photodiode 144 to a digital
signal. ‘ '

An image seasor interface 152 interfaces with the image sensor 132. A trasceiver controller 153 and base
band circuit 154 are also included to interface with the RF chip 133 which includes mi RF circuit 155 and RF resonators
and inductors 156 conected to the antenna 112. ’

The conirolling processor I4Scapturesmddeoodeslouuondmfmmt§gsﬁmmesmfme via the image
sensor 132. monitors the foree sensor photodiode 144, controls the LEDs 116, 131 and 143.7 ind handies short-rangs radio
commupjcation via ihe radio transceiver 153. It is a medium-performiance (-—40MHz) gencral- pwpose RISC processor.

. The processor 145, digital transceiver components {transoeiver controllet 153 and buebaqd circuit 154).
image sensor interface 152, flash memory 147 and 5I2KB DRAM 148 are integrated in nmg]e ‘controller ASIC. Analog
RF components (RF circuit 155 and RF resonators and inductors 156) are provided in the separate RF chip.

The image sensor is a 215x215 pixel CCD (such & '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 Jmm SOk-Pixei IT
CCD Image Sensor for Miniature Camera System”, IEEE Transactions on Electronic Devices. Voli 47, number 1. January
2000, which is incorporated herein by reference) with an IR filter.

' The controlier ASIC 134 enters a quiescent state after a period of inactivity when the pen 101 is not in
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- In'n further embodiment, the pen 101 includes a pair of adwgonﬂmlaﬂms mounted in the normal

planoofthep&n 101 axis: The acoelerometers 190 are shown in Figutes 9 and 10 in ghost outline. ©

ﬂnploﬁdmofﬂwmlmmmahksﬂﬂscmbodlmﬁﬂmpm IOI losuwe motion -without

: mfaencemm{wclomwnng;mowmgcheiawimugsmbenmﬂedaumﬂ-mE&Hr!oauouugmcantbcn
identify an object of-interest- rather. than a position-onithe surface4For example: it‘tbeoﬂ 118 user interface input
element {c.g. ueonnmndbmmn).thentheungofmhlocauonlagwithinmemoflheinpuulnmtmdlrealy_:

idenﬂ@lhempmelﬂl!.‘m. R I P S I LR Tk 0% gt
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-'r-ﬁmetopmduoeaninsunwwousvclomyandposiuon S Fep e

mmlummwnnndbyﬂwmlhominmhéfmiuﬂy irections 'infégrazedmthmspeuto

_ Since thé Ranting position of the’ tu'ohe is not known, only retativé posmons’wmﬁd & strokc are calculated.
Although position integration accumulates errors in the sensed abceleration, aceeluomewn typimlly hive high résolution, _

and the time duration of a stroke, over which errors Scoutmlate, IS short. o Tekete
r NEWAGEPNNIERDESWTION ' ’ ’ T
74 PRINTER MECHANICS

The vertically-mounted netpage wallprinter 601 is shown fully 2ssembled in Figures 11 and 2. As best
shown in Figures 12. 12a and 68, it prints netpages on A4 sized media using duplexed 8%" Memjet™ print engines 602
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and 603. 1t uses a straight paper path with the paper 604 passiog through duplcxed print engines 602 and 603 which print
bpth sides of a sheet simuttaneously, in full cojor and with full bleed. A multi-DSP raster image processor (RIP) rasterizes
pages to internal memory, and a pair of custom print engine controllers expand, dither and print page images to the
duplexed printheads in rea) ime.

An integral binding asscmbly 605 applics a strip of glue along one edge of each printed sheet, allowing it to
adhere to the previous sheet when peessed against it This creates a final bound document 618 which can range in
thicknass from one sheet 1o several hundred sheets. The binding assembly will be considered in close deiail below with
particular reference to Figures 62, 63 and 64.

Referring to Figures 11, 12, 12a, 13 and 53 to 58, the wallprinier 601 consists of a main chassis 606, which
accommodates all major components and assemblies. As best shown in Figure 58, it has a pivoting media tray 607 on the
fmttuppergm which is covered by a front molding 608-and handle molding 609. The front molding- 603, handle
moldmgmandlowerfrommoldmgbloﬂnvarymnolor.mwemdﬁnuhtonnk:ﬂmpmductmreappcmlxgto
consumers. They simply clip onto the front of the wallprinter 601.

Figures 59 and 60 show the wallprinter clectrical sysiem in isolation. A flexible printed circuit board (flex
PCB) 611 runs from the media tray 607 to the main PCB 6121t includes four different color LEDs 613, ;SM. 615 and 616
and 2 push button 617. The LEDs show through the front molding and indicate “on" 613, "ink out” 614, “paper out” 615,
and "eror” 616. The push button 617 elicits printed “help™ in the form of usage instructions, printer and consumable
status information, and a directory of resources on the netpage network.

Printed, bound documents 618 exit through the base of the wallprinter 601 into 2 clear, plastic, removable
collection tray 619. This is discussed in greater detail below with specific reference to Figure 64.

The wallprinter 601 is powered by an internal 110V/220V power supply 620 and has a metal mounting plate
621 that is secured 1o a wall or stable vertical surface by four screws. Plunged keyhole slot detsils 622 in the metal plate
621 aﬂowforfmnsplgotsmnwdon'the marof;hepﬁnmtohookonmﬂnphw.'mewallpﬁmuml is prevented from
bein;liﬁedoﬂ'by nsmwﬂmloeusd;edmsumldmgﬁﬂﬁwthcplm 621 nonepos:mnbetundmcmedxamyw?

' - Referting o Figures 53, §5 40, 66. the side of the wallprinter 601 includes. a module bay 624 which
momodmnwworkmmmeﬂcGZSwhichdlows;hepnm«mbemmodmﬂwmgemkmdma
local computer or netwerk. The interface, moduje 625 can be selected and installed in the factory or in the field 1o provide
the interfaces required by the user. The modulcs ay have common connector options, such as: [EEE 1394 (Firewire)
connection, siandand Centronics printer post conpection or a combined USB2 649 and Ethernet 650 connection. This
allows the consumes 1o.connect the wallprinter: 60 to a computer or use it as a network printer. Figure 66 shows the
exploded assembly of the module 625. The interface module PCB 651. (with gold contact edge strips) plugs directly into
the main wallprinier PCB 612 via an edge conpecior 654. The different connector configurstions are accommodated in the
mnduledsign.by use of a 100l .insest 652, Fingey.recesses: 653. on cither side of the module 625 allow for easynmual

T\uningtoFigurcGB tbcmamPCBGIz is attached to the rear of the chassis 606, The board 612 inictfaces
through the chassis molding 606 to the interface. module. 625. The .PCB. 612:a!$ocamcsthe necessary penpbcﬂl
clectronics to the Memjet™ printheads 705. This includes 2 main CPU with two 32MB DRAMs, flash memary. IBEE
1394 imerface chip, six. motor wnub!las. \’anous SCnSOr COnRectors, mwfaoemdulePCBedgc connecior, power
mmsem&mmﬂ:maldaammmmdeAehip

Figurc 58 shows the front hatch socess to the paper 604 mdmmkcmmdge&'l. Refemngtoﬁgmeﬁ‘l
paper 604 is placed into a hinged top tray 607 and pressed down onto a sprung platen 666. The tray 607 is mounted 1o the
chassis 606 via hinges 700. Each hinge has a base, a hinge iever and a hinge side. Pivots on the base and paper/media tray
607 engage the lever and side such that the paper/media tray 607 rotates in & manncr that avoids kinking the supply hoses
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The paper 604 is positioned under edge guides 667 before being closed and is automatically regisiered 1o one
-side of the 1ray.607 by action of a metal spring part 668. An ink cartridge 627 conuects into & pivoting ink: connector
molding 628 via a series of self-scaiing conncctors 629. The conncctors 629 transmit ink. air and glue to their separate
locations. The ink connector molding 628 contains a sensor, which detects a QA chip on the ink cartridge and verifies
identification prior 10 printing. When the front hatch is sensed closed. a release mechanism allows the sprung platen 666
to push the paper 604 against a motorized media pick-up roller assembly 626.

Figure 54, shows the complete assembly of the replaceable ink cartridge 627. It has bladders or chambers for
storing fixative 644, adhesive 630, and cyan 631. magenta 632, yellow 633, black 634 and infrared 635 inks. The
caruidge 627 also contains a micro air filter 636 in a base molding 637. As shown in Figure 13, the micro alr filter 636
interfaces with an air pamp 638 inside the printer via a hose 639. This provides filiered air to the printheads 705 to
prevent ingress of micro particles into the Memjei™ printheads 705 which may clog the nozzies. By incorporating the air
filter 636 within the cartridge 627, the operational life of.the filier is effectively linked to the life of the cartridge. This
ensures that the filter is replaced togethet with the cartridge rather than relying on the user (o clean or replace the filter 1
the required intervals. Furthermore, the adhesive and infrared ink arc replenished togethes with the visible inks and air
filier thereby reducing how frequently the printer operation is interrupted because of the depletion of a consumable
malerial.

The cansidge 627 has a thin wall casing 640. The ink bladders 631 to 635 and fixitive bladder 644 are
suspended within the casing by 2 pin 645 which hooks the carridge together. The single glue bladder 630 is
accommodated in the base molding 637. This is a fully recyclable product with a capacity for printing and gluing 3000

pages (1500 sheets).

szemng to Figures 12. 122, 59, 60 and 68, the motorized media pick-up rotler assembly 626 pushes the top
sheet directly from the media tray 607 past a paper sensor (not shown) on the first print engine 602 into the duplexed
uwuu"‘prmeadmenmly , :

“Two Memjet™ print engines 602 and 603 are mounted in an opposing in-line sequential configuration along

“'dmmﬁiﬁtmmmpmumqmminbméﬁmmlmmw muml.powetedpnck-upmllmﬁzG '

ntponnmmdﬂmofmcmmkmsedmdmllb!eedmnungmm .

Fixative is printcd simaliancously (o aid drying in the shoriest possible time. . -

, Asbests!mwumﬁmlza.ﬂxeMmjct'“mmcnghmGOZandﬁwmdudeuomyappmg.blomngand
platen device 669, The capping device seals the Memjet™ printheads 705 when not in-use. It uncaps and rotates to
produce an integral blotter, which is used for absorbing ink fired from the printheads 705 during routine printer startup
mﬂmmml!si:m!wneously moves an internal capping device inside theMcmjet“‘ printhead 705 that allows air to
flowmtotheprowcuvqnomeslueldmmmrdmnonofmgdewoemwcs:plmmrfaoe into place, which
nmpmmsideofﬂmsbeelmdmngmuung.

The papu'exits the ﬁmMcmjct print engine mw a 3¢t of powered exit splke wheels (aligned along
ﬂlemdnpapupah).whlghmlgnmsumbbmzadmllm Thuse spike wheels-contact the *wet’ pnntedsmfaoeand
mnnuelofeedthesheetmmwﬂwsmndMemJetm print engine 603,

‘ 'Ilusseooudpdmengme603is:munu:dtheopposucwayuptomcﬁminordutopnnmmundcmdeofmc
sheet 604. : :
As shown in Figmes 1, 1;;._13. 62 and 63, the paper 604 passes from the duplmd print engines 602 and

603, into the binder assembly 605. The printed page passes between a powcred spike whecl axle 670 with a fibrous

suppon roller and another movable axle with spike wheels 2nd a momentary action glue wheel 673. The movable
axle/glue assembly 673 is mounted to a metal support bracket and it is transposted forward 1o interface with the powered
axle 670 by action of a camshaft 642. A separate motor powers 675 this camshafi. Both motors 676 are controlled by the
Memjet™ printheads.
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The glue wheel assembly 673 consists of a partially hollow axle 679 wilh a rotating coupling 680 for the glue
supply hose 641 from the ink cartridge 627. This axle"679 connects 10 a glue wheel 681, which absorbs adhesive by
capillary action through radial holes. A molded housing surrounds the glue wheel 681, with an opening a1 the fromt.
Pivoting side moldings 683 and sprung outer doors 684 are attached to the metal support bracket and hinge out sideways
when the rest of the assembly 673 is thrust forward, This action exposcs the glue wheel 681 through the front of the
molded housing. Tension springs 685 close the assembly and effectively cap the glue wheel 681 during periods of
inactivity.

As the sheet 604 passes into the glue wheel assembly 673, adhesive is applied to 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. It will be
appreciated that this arrangement applics adhesive to cach page during printing so thal the paper movement through the
printer is not interrapted or stopped at a separate gluing station. This increases the printer speed, however, it requires that
the pages move through the printer in “portrail” configuration (that is. in a direction parallel 10 the long edges). This in
turn requires the paper tray, binding station and collection station to be in portrait configuration. This may make the
overall length of the printer 100 great to conveniently fit into arcas baving limited space. In these situptions, the media
tray. binding swation and collection station can be arranged in “landscape™ oficutation (shon sides parallel to paper
movement) to shorten the length of the printer. However, the gluing assembly must still be able 10 apply glue along the
long side of the pages. In this version of wallprinter (nof shown) the adhesive is applicd to the longitudinal edge of each
page with a reciprocating glue strip.

The “portrait™ binder assembly 605 is best shown in Figure 62. It has a metal support chassis 686, a sprung
molded binding platen 687 that runs on four traverser rods, a molded angled plalen 689 which supports the document 613
after the sheet 604 has been moved across, and an exit hatch 690 with support bracket 691. The printed page 604 is fed in
until it rests on the exit hatch 690. The binding platen 687 is propelled forward at high speed via a looped system of
wheels 692 and ns-prun_é stee] cable 693 that anaches to a powered cable winder shaft 694. As the cable winder shafl 694
is rotated, the cable loop 693 shoneusmdmsportsﬂxcbindmgplawnGB‘Homad This powered shaft 694 has a slip.
dutchmedmmmmdpmviduﬂnnecessaryspeodtopushthesheetmﬁmmdonwmemofapmmmshm
Mnlemmmwmmmprmmmmwmmdwmmma
:ingleopq:nngcycleofmempmmngplmmkuleumzmds

The binding assembly 605 binds pages one by one into a bound document, thereby producing bound
documents without significantly adding to the timé taken to print the separate pages of the document. Furthermore it
applies the adhesive directly prior 1o pressing it against the previous page. This is more effective than applying adhesive 1o
the rear of each page and sequentially pressing cach pagé 6 the subsequent page because anyintenubﬁoﬁindupﬁnﬁng
pmussmdusreplcmshlng the paper supply may allow the adhesive apphed to the Iast sdhered | pageto dumorne and
become less effective. :

'lheeablcw‘.’-issptmrgwallw forpositiveplﬁsm'elobelppbcdlolhcprewousshecuoudbmdmg.m
Parthermore, ﬂleangledplateamisshallowatmempﬂﬁnnﬂwbasemolderlomppmlhedocumt 618mm over

A sensor (not shown) operatively connected 1o the control of the stepper motor, may be used to determine the
position of the last page bound to the docurment to allow the platen to accurately sdhcre the next page to it.

: Apapcrupper&iihwckslhesheumtoénedde of the binder 605 asnlsmmrtedmsstomeangied
platen 689. The main PCB 612 controls motors 695, 696 and 697 for the cable winder shaft 694. the tapper 643 and the
exit hatch 690 respectively.

When a document 618 is bound and finished, the powered exit hatch 690 opens. A tamper sensor (not shown)
is provided to detoct document jams or other interferences acting to prevent the exit hatch 690 from closing. The tapper
643 also tap aligns the printed document 618 during cjection out of the binder 605 into the coilection tray 619. Plastic

VU b
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foils 698 on the lower front molding 610 work together with the hatch 690 to direct the finished document 618 to the back
of the collection tray 619 and feed any further documents into the tray withont hitting existing ones. A plurality the
flexible foils may be pmviécd. each having different lengths to accommeodate documents having different page sizes. The
collection way 619 is molded in clear plastic and pulls out of its socket under 2 centain loading. Access for removing
documents is provided on three sides.
72 MEMIET-BASED PRINTING

A Memjet™ printhead produces: 1600 dpi bi-level CMYK. On low-diffusion paper, each ejected drop forms
an almost perfectly circular 22.5um diameter dot. Dots are easily produced in isolation, allowing disperséd-dot dithering
to be exploited to its fullest.

A page layout may confain a mixture of images, graphics and 1ext. Continuous-tone (contone) images and

graphics are reproduced using a stochastic dispetsed-dot dither. Unlike a clustered-dot (or amplitbde-modulated) dither, a

dispersed-dot (or froquency-modulated)’dither reproduces high spatial frequencies (i.e. image detail) almost to the Limits
of the dot resolution, white nnulumewsly reproducing Jower spatial frequencies to their full color depth, when spatially
integrated by the eye. A stochastic dither matrix is carefully designed to be free of objectionable low-fnquency patterns
when tiled across the image. As such 'its size typically exceeds the minimum size required to support a particular number
of intensity levels (¢.g. 16x16x8 bits for 257 intensity levels). -

Human contrast sensitivity peaks at a spatial frequency of aboul 3 cycles per degree of visual field and then
falls off logarithmically, decreasing by a factor of 100 beyond sbout 40 cycles per degree and becoming mmmsm-ablc
beyond 60 cycles per degree. At 8 normal viewing distance of 12 inches (about 300mm), this translates roughly to 200-
300 cycles per inch (cpi) on the printed page. or 400-600 samples per inch according (o Nyquist’s theorem.

 In practice, contone resolution above about 300 ppi is of limited lllity outside special applications such as
mﬁml imaging. Offset printing of magazines, for examplé, uses contone rcsolunons in (he nnge 150 to 300 ppl Higher
resolutions contribute slightly to color énfor through the dither.”

“Black text and graphics dre ‘ed directly.using bi-level black. do&;@mnhmfomuommhmd

- -(ieibw-pusﬁlmed)hfmbcmgpiméiTmisAdmefmmpamnpldhyoudﬂnmpmd hnﬂtsdismsedabove

to produce™smoother edges when spatlally integrated by the eye. Texlmohuonuptoabomlmdplcondmmto
contribute to perceived text sharphiéss (assuming low-diffusicirpaper, of course).
mmtpaaemmamwnemohxﬁmofﬁ1pplu.e.ldOOdpuIé).mdablwkmndgana
resolution of 800 dpi. ’ o
73 DocuneNT DATA FLOW'
Bemseofﬂwm&ufdthﬂaﬂntofﬂwMemje[“;ninﬁmd.eadlpagemnslbepﬂmeduammwm
nvoldauﬂngvimblemmcu.m;mthalheprinnngspeedmtbevamdtomduheilqmdmme Document
mmmzmmmewmmmmﬁugwmmofmam
ismmmdunulmsmnymmud.msiudumdbyMgammmedyq;aonoiafhmwﬁﬂpagéme
mm;ﬁ- : e

i DL Ty LA

3 r»;

mmmgﬂmméwiﬂ»mwimémmmm ‘ ahm’ofnnmnmwbenwmg
nmplepags.buymgnmmmmzemommnmlexmu

s Bmmmwiormwgesucmpmduoedbynochasucﬁmmbﬁtbhckmmd!me :
reproduced directly using dots, the tompitssed page image forimat eontainsasepﬂate fcmgrmmd bi-lml black !aycrand
background contone color layer. The black layer is coinposited over the conione Iayer ‘afier the contone layer is dmnml

" ‘Netpage tags are rendered 10 2 separaté layer snd aré ultimately printed using infrared-sbsorptive ink.

At 267 ppi. a Letter page of contonc CMYK data has a size of 25MB. Using lossy contone compression

ajgorithms such as JPEG (ISO/IEC 19018-1:1994, Information technology - Diéital compression and coding of

R *‘
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continuous-tone stil} images: Requirements and guidelines, 1994, the contents of which are herein incorporated by cross-
reference), contone images compress with a ratiolup to 10:1 without noticeable loss of quality, giving a compressed page
size of 2.5MB. V

Al 800 dpi, a Letier page of bi-level data has a size of 7MB. Coberent data such as text compsesses very well.
Using lossless bi-level compression algorithms such as Group 4 Facsimile (ANSI/ELA 538-1988, Facsimile Coding
Schemes and Coding Control Functions for Group 4 Facsimile Equipment, August 1988, the contents of which are herein
incorporated by cross-reference), ten-point text compresses with a ratio of about 10:1, giving a compressed page size of
0.8MB. , .
Once dithered, a page of CMYK contone image data consists of 114MB of bi-level data. Using fossless bi-
level oompms:onalgomhmsondusdm:s pointless precisely because the optimal dither is stochastic - i.. since it

The two-hyer oommed page image format therefore exploits the relative strengths.of lossy JPEG contone
inngecom'mlonandlosslmh-level lext compression. The format is compact enough to be storage-efficient, and
simple enough o allow straightforward real-time expansion during printing. -

Smoe_ text end images normally don’t overlap, the normal worst-case page image size is 2.5MB (i.c. image
only), while the normal best-case page image size is 0.8MB {i.c. iext only). The absolute worst-case page imsage size is
3.3MB (i.c. text over image). Assuming a quarter of an average page contains images, the average page image size is
12MB.
74 Pmmmoumhnwnsmas

The netpage printer controller consists of a controlling processor 750, & factory-insaalled of ficld-installed
network mlcrfacc module 625, 2 radio transceiver (ransceiver controller 753, baseband circuit 754, RF circuit 755. and
RFmonamnndindudors?Sﬁ).dua.l nswr:mage;romw(kll’)DSPs?S‘l.dup!emdpnm engine controliers 760a
md760b.llashmemy658 snd 64MB of DRAM 657, asillmu-mdinl‘isureﬁ.’-

. The controlling processor handles communication. with the nelwork l9andmth Tocal mrelcsneq)agc pens

o1, mmu:empbunonau eoatrols the user interface LEDs 613-616, and feeds and synchronizes the RIP DSPs 757

andpdntq:;mcoontmuu's‘lﬁo.ltmsts ofanmdmm—quotmeem-pmposemuopmcessor The controlling

[

' 'mvsommmmmmuum:mmmummm.wwmm

30

weuaseonﬁgmmondmm:soop\edtommnmcwﬁ?ubgmm

) mmmhmmdwmmmduuipﬁmwﬂnmmm%wmuudmefm
Bad:ptm!mglnemwollcrupmds.dnmmmdmwumgummmdﬂedh!emjﬂ“pﬁmhad%ﬂmualm
(i.¢. 2t over 30 pages per minate). The duplexed print engine controllers print both sides,of a sheet simmltancously.

: ‘Th;mﬂapﬁmmpnceonuol[cﬂmamk!hemm%wm%meJmon
wiﬂnhcmastﬁ:QAeh:pﬁﬁSmdlbemkwmdgcQAdﬂp%l.

'mepﬁmaoonuullq‘sﬂashmcmowﬁsmﬂwnﬁmfotbomnwmﬁsomﬁnbﬂﬂﬂ as

"The pmeusor 750, DSPs 757, and dngiu! transceiver companents (mnsceiver controller 753.and baschand

. cimuit 754)mlnﬁcgmedmuingleeoanerAﬂC656 AmlogRmepomu{Rﬁc&tmt?SSandRFmonmorsmd

40

ind:mors?SG)mproudedhnsepante RFdﬁp?&Thcnetworkmle:fmcmodnle_ﬁzs is. separate, since netpage
printers sllow the network connection 1o be factory-scleaed or,ficld-selected. Flish memory.658 and the 256Mbit
(64MB), nm 651 is also off-chip. The print eagine controllers 760 are proyided i wmiﬂe ASICs.
Avmetyofnctwork interface modules 625mpmvldcd.w:hpmndmgam;tpage network interface 751 and
optionally a local computer or network intesface 752. Netpage network Intemet inlcrfaces include POTS modems, Hybrid
Fiber-Coax (HFC) cable modems, ISDN modems, DSL modems, satellite transceivers. current and next-gencration
cellular telephone transceivers, and wireless local loop (WLL) transceivers. Local interfaces include IEEE 1284 (paraliel

iy
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port). 10Base-T and 100Base-T Ethemnet, USB and USB 2.0, 1EEE 1394 (Firewire). and various emerging home
networking interfaces. If an Intemnet connection is available on-the local meiwork, then the local network interface coan be
used as the netpage network interface. .

The radio transceiver 753 communicates in the unlicensed 900MHz band nommajly used by cordless
telephones, or aliematively in the unlicensed 2.4GHz industrial, scientific and medical (1SM) band. and uses frequency
hopping and collision detection to provide interference-free communication.

The printer controller optionally incorporates an Infrared Data Association (IrDA) interface for receiving data
“squitted” from. devices such as netpage cameras. In an alternative.embiodiment, the printer uses the IrDA interface for
short-range commamnication with suitably configured netpage pens.

741 RASTERZATION AND PRINTING - IR IORTE

As shown in Fsgmszom&nmwm'?SOhamvedmdvmﬁed (at 550) the document’s page
~ layouts and page objects inso memory 657 (at-551), mmnstlwappmprluekl?soﬂwmon&thSl’s?S?

The DSPs 757 rasterize (at 552) each page description’and compress (a1 553) the rasterized page image. The
main processor stores each compressed page image in memory 657 (at 554). The simplest way to losd-palance multiple
DSPs is to let each DSP rasterize a scparate page. The DSPs can always be kept busy since an arbitrary number of
rasterized pages can, in general, be siored in memory. This stralegy only leads to potentially poor DSP wiilization when
rasterizing short documents. ERR

Watermark rcgions in the page wmpuun are ranmzed to ‘A coptone-resolution bi-level bitmap which is

- losslessly compressed 0 negligible size and which forms pmofﬂu;qgmcssedpagclmagc. :

20 ..

25T

35 -

40
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T infrared (IR) layer of the printed page contains coded netpage tags at & deasity of sbout six per inch.
Each tag encodes the page ID. tag ID, and control bits, and the data content of each tag is generated during rasterization
andstomdmtbeeompmsedpageimge. '

ﬂwmmprommﬂmpamb:ckm-badmgemagummdupkxedpnmwgimmmum T760. Each

pnmmpmmuﬂla?&m&ewmemdpagelmgcinhsmmmﬂﬂw ond stants the page expansion and

" peinting pipeline. pageexpummmmngupapaummuummémmmmmm 114MB bi-level
(MYKd—lRpﬁgctmgﬂnmmory
. mmmgmmmuaapmdsﬂwwwmedpagemmﬁﬂ dithers the expanded contone color
dau 10 bi-jevel dots (at 556), composites the expanded bi-lcvel biack layer over the dithered contone layer (at 557).
nndqsd\eexpm\dednetpagcmgdna{us_ss).andﬁmllypdmsthqfully-raydaedpage(at559)toptodupeapnnted
netpage 1. |
742 Pammmmm :
Thepagee.xmsionmdprmthgpipehmofmepnmengmeommuerMﬁcomiﬂsofah:ghspeedlEEE
I3Nwm!imafm659 asundndﬂ‘EGModer%l! amduﬂ(‘imup4Fudwoder764 a cusiom
halﬁchompositormh?ﬁS uamomugmeodu?&é,ahmloadw{muuunu%? mdammmmzerfaoe'ibsw ,
tbeMerqiu'"p:indudBSO ' Co _
' ﬂmptmlcng:mwnunliamommadoublcmﬁcmfnimcr WInleoncpage:sluadedmtoDRAM
1’69via|helugh speed serial interface 659, thcpmwous]yloadedpagensreadﬁomDRAMT@andpassedﬂumghdw
primeupne mmmllerpapelmc Omcthepageh:s ﬁnishedptinung. thepage just | loaded is pnmed\ﬂﬁleanodmpageis

The first stage of the pipeline expg:sds (at ?63) mc,mss‘-comm'sed contone CMYK layer, expar_m (a768)
the Gniup 4 Fax-compressad bi-level black 'layer. and renders (at 766) the bi-level netpage.tag layer according to the tag
format defined in section 1.2, ail in paraliel. The second stage dithers (al 765) the, contone CMYK layer and composites
{at 765) the bi-level black layer over the resulling bi-level CMYK layer. The resultant bi-level CMYK+IR dot data is

T Y‘
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buifered and formaited (a1 767) for printing on the Memje\™ printhead 350 via a set of line boffers. Most of these lipe
buffers are stored in the off-chip_DRAM. The final stage prints the six channels of bi-level dot data (including fixative) 10
the Memjet™ printhead 350 viz the printhead interface 768.

- When several print engine controllers 760 are used in unison. such as in a duplexed configuration. they are

5  synchronized via a shared line sync signal 770. Only one print engine 760. selected via the extemnal masterislave pin 771,
generates the line syne signal 770 onto the shared line,

. - The print engine coritroller 760 contains a low-speed processor 772 for: syndlmnizmg the page expansion and

redering pipeline, configuring the printhead 359 via & low-speed serial bus 773, and oontmllhg the stepper mators 675,

- 676. . . : :
10 b lnthesw'ver;iomo!‘menetpggepmm.lhelwopnntmg:nesuaumlsml.ampagnpermnmdong
Cmer ﬂwlongd:mﬁﬁionomnpage(ll") giving 4 line rate of 8.8 kHz at 1600 dpi. o the 12™versions of the netpage printer.

mctwoplin\tﬁs'lncsachpﬁmals Letter pages per minute: alongﬂwshondimuﬂmofﬂ:w (89&"). giving = line
rate of 102 kHz: These linc rates are well vmhmiheopemingfrequencyofme Mcm;ﬁ""'pnnlhead.wlﬁmhlﬂleummt

 design excesds 30 KHx. e : R
. 156 concuusion - - o
’ - The present invention hifs béen described with reference to a prefemed embodiment and number of specifié

alternutive embodiments. However, it will be appreciated by those skilied in the releviitt fields that a number of other
embodiments; - differing from those specifically described, will also fall within the spitit and scope of the present
invention. Accordingly, it will be understood that the invention is not intended to be limited 1o the specific embodiments

20  described in the present specification, including documents incorporated by cross-reference s appropriate., The scope of
the invemmn is only limited by the attached claims.
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-42.
CLAIMS

L. A relay device for providing communication between a sensing device and a computer system. the
relay device including; .

a first comumumications module for receiving first indicating data transmitted from the sensing device in a first
format, the indicating data being sensed by the sensing device when it is placed iso an-operative position in relation 1o
first coded data forming pan of a first interface disposed on a first surface, the indicating data including a first region
identity indicative of an identity of a region associated with the first interface; -

a processor configured 10 gencrate second indicating data based on.ibe first md!cntingdata.and

asocondcomunniauommdule for transmitting the second indicating data in a sccond format to the
computer system. SRR N : it Celr - oo .

2. Arelay-d‘!!ieemrdmx to claim 1. ﬁuthennc!udlngapnmcr Sl At e

3. A relay «device according to claim 2, wherein the second: t‘omm is a wireless communications
protocol. - o . v
4. A relay device according to claim 2, wherein the wircless-communications protocol is a cellular

5. A relay device according to claim 2. wherein the second communication module includes a recciver

. for receiving response data transmitted from the computer system. the response data being identified by the first region

identity.
6. A rclaydevieeacoordmgloclmms whemnmepnnt:tmduduapﬁnnngmclwﬂm.mepmm
beingconﬁguredm . S . )
gamneasecondintuﬁeebasedulcastpamallym&wmponsqda.md
mmﬁleseoondinwrfwcontoamndsufaoeusmglhcpmungmm

A Ardaydeﬁumdingmdaime.whmnmcmpommmdudesamndugjmmnmy
mdiumre :of the Idcnuw«:f;“:'_iiééond region associated with the second interface..the printer incmdmgaoodeddm
gmmmﬁgumdwmmdwdeddmhmmwofuwmwmmmmwmmﬁu
mporamgmesecmdoodedm

8 Arelxydmnoe according to claim 7. wherein the interface includes visible mfomﬂ.ion in addition 1o
mcmdeddnglheﬁsiblemfwmﬁmbcm;buedulmwﬁﬂlyondwmdm—

9. Amlaydeviccmdmgtoclum? whcrmnlhcpnmunmﬁgumdmpmulhemndmmfwe
wmthemond:mfamnmhlhudﬁdeddﬂalsmtmbnmuallymﬂclommdedm _ : :
S [} Arelaydwi&awoidingtoclqu wbﬂeinlhesewndcododdamismnwdmtoﬂwmndsmfu
S | N Amlaydevicemdmgmdmm‘l whmmﬁ\e_smndcndedduaisalsomdimveofulmw

12, Arclay de\noc acoordmgtochim 1L whm:in t.hc at leaslonc refemwe poim is dac:mined on the
basasofaoodeddamlaymt. : T SRR
13: . A:elaydeweemdmgtoclaim 12 whemnlheprmlerisoonﬁgmedtorwewedwcodcddm

: layom fmm the compater system viathe s.econd communications module.

14. A relay device aceordmg to claim 13, further mcludmg smrngc means for stofing a plurality of the
coded data layouts. the printer being configured to:
receive, from the computer system. layout selection information indicative of one of the coded data layouts; and
use the layow selection information te select one of the stored coded layouts for use in determining the at feast one

\'L_i_b “
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reference point.
15. A relay device according to claim 7. wherein the sccond coded data includes at least ane tag. each tag
being indicative of the second region identity.
16. A relay device according to claim 15, wherein the coded data includes a plurality of the tags. the
8§ coded daa generator being configured to ascertsin a position of each 1ag prior 10 printing. the respective positions being
determined on the basis of acoded daia layout. = -
¥ Arelaydevicemdmgtodmmlﬁ whemnmeeodcddmagenumonswnﬁgmedlommm
coded data layout from the comphier :ysum. :
18. - A rchy deﬁoemdmg tcvdlim 16. further mciudlng storage- means for storing a plurality of the
10 . coded data layouts, the coded dats generator being configured to: ~
szt receive, from the computer sysiem. layout seleenon ml'ormanon indicative of one of the coded data layouts; and
generate the coded data based on tbel.ayom!clewowinformon
e 19, - Amhydcmummngmddmls.mmnmhorunusshdudcs
first identity data defining 2 relative position of that 1ag; and .
15 . . - second identity data identifying the region. - i
20. A relay device according to claim 19, wherein the 1ags are disposed ar predetermined positions on the
21, A printer aocording to'any one of claims 2 to 20, wherein the printing mechanism includes an inkjet
pnnthead for printing ink onto the susface.
20 - 22 A printes according to claim 21, wherein the pnntlmdlsldmpondennndmkmpnmhnd.
23 A printer according to claim 22, wherein the printhead is a pagewidih printhead.
24, A printer according o claim 23; *whetdn the printhead lsoonﬁgun:d to deliver a plunl:ty of ink colors
unodnsmficcmﬂlonemmgm oL .'ae"-"-f ' RN

25 th’omolhcmﬁcc Y o
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