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INTERFACE SURFACE PRINTER

FIELD OF INVENTION

The present invention relates to a printer for printing an interface onto a surface to produce an interface
surface.

The iavention has been developed primarily 1o produce interface surfaces which allow users (o interact with
networked. information and to obisin interactive printed matter on demand via high-speed networked color printers.
Although the inveation will largely be described herein with réference to this use, it will be appreciated that the invention
is not limited to use in this ficld. |

CO-PENDING APPLICATIONS
Various methods, systems and apparatus relating to the present invention are disclosed in the following co-
pending applications filed by the applicant or assignee of the present invention simultancously with the present
application: _ ‘ : R Y

PCT/AUO0AN0S [8. PCT/AUD/00519, PCT/AU00/00520, PCT/AU00M052], PCT/AU00/00523,
PCT/AU00/00524, PCT/AU00/00525. PCT/AU00/00526. PCT/AUGMO0527, PCT/AUOO/00528,
PCT/AUG0200529. PCT/AU00/00530, PCT/AUQ0/00531, PCT/AU00/A0S32, PCT/AU00/0533,
PCT/AUNO/D0534, PCT/AU00/0053 5, PCT/AU00/00536, PCT/AUOO/0537, PCT/AUO0/0538,
PCT/AUO0A0539, PCT/AU00/00540, PCT/AUDO/G0S41, PCT/AUDG/00542, PCT/AUOO/00543,
PCT/AUOND0S44. PCT/AU00/00545. PCTIAUD0/00547. PCT/AUOG0546, PCT/AUO0/00554,
PCT/AUOM00556, PCT/AU00/00557, PCT/AUDN00558. PCT/AUDOD0SS9, PCTIAU00/00560,

. PCTIAUOOI0S6), PCT/AUODIO0S62. PCTIAUOON0S63, PCT/AUOND0S64, PCT/AUBIO0566.,
PCT/AUGO0567, PCT/AUOO00568, PCT/AUG/00569, PCT/AUOO/00570, PCT/AI00/00571,
T PCT/AU0000572, PCT/AU00/00573, PCTIAUOGO0574, PCT/ALIOGN0STS, rcrmuowoom,' -
PCT/AU00/05T, PCT/AUON00578. PCT/AUGN/00579, PCT/AUOMNO0SSE, PCT/AUGMO0580,
PCT/AU00/00582, PCT/AU00/00587, PCT/AUO(00S B8, PCT/AUO00M00569, PCT/AUO0/00583,
PCT/AU00/00593, PCT/AU00/00590, PCT/AUON0591, PCT/AUOND0S92, PCT/AUOOMO05S4,
PCT/AUO000595, PCT/AU00/00596, PCT/AU00/00597, PCT/AUOMO0S98, PCT/AUIO0T00516, and
PCT/IAU00K0517, o

The disclosures of these co-pending applications are incorporated herein by mss«.fm

BACKGROUND
Pmﬂy, a ‘wser of & computer system typinlly interacts with the systzm using & monitor for. dlsplaying

: mformanon and s keyboard and/or mouse for mputting mfonnatlon Whilst such an mterfaoe is powerful, it is relatively

bulky aad non-ponab!r.. Information printed on paper cin be casier 10 read and moré pon.ablc than information dlsplaycd
on 4 computer ‘monitor. However, unlike a keyboard or mouse, & pen on paper gcnaally lacks the ablhty to imcract with
oompuwr software. ‘

SUMMARY OF INVENTION

According to 2 first aspect of the invention, there is provided a printer for receiving document data from a
computer system and printing an interface onto a surface, the interface being at least partiaily based on the document

RECTIFIED SHEET (RULE 81)
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data, the document data including identity data indicative of at least one ientity. the identity being associated with a
region of the interface. the interface including coded data, the printer including:
a coded dala generator configured 1o generate the coded data based at least partially on the identity datz; and
& printing mechanism for printing the interface onto the surface,
5 Preferably, the interface includes visible mfommnon in addition to the coded datz, the visible information 4
being based at least partially on the responsc data.
In & preferred embodiment, the coded datasis- also indicative of af least one reference point of the region, -
More preferably. the at least one.reference point is determined on the basis of a coded datz fayout.
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In onc embediment, the printer is configured to receive the coded data layout from the computer system,
Altematively, or in addition, the printer further includes storage means for storing a plurality of the coded data layouts, the
printer being configured to: :

receive, from the computer system, layom sclection information indicative of one of the coded data Iayouts;

usednhyoum,ipfmgonpsdmomofﬂnmmdmdedlayouuroruscindetcmining,theu
least ope reference point. '

P:efuably ﬂwmdeddmnuot}mbmuﬂlyvmblewanavaagemndedhmuneyemdudayhﬂnor
ambient lighting conditions.

haprdmcdembo&mgdwmdcddmmdudesumstmug.ead\ugbmghdmwofmem
of the region.

Amr&ngmaumd:wmofmehmﬂmeumwddmmhuwﬂmmmdbyam
according to the first aspect.

nmespsscmmon OF DRAWINGS ~

meemd:ndmanbodzmmsofmeinmnonmllmwbedm:ibed.bywayofnon-hnunngcxmple
only, with reference to the accompanying drawings, in which:
Flguulisaschcma&cof:ﬂxemlaﬁonship'bcqgugq.aympleprinwdnetpagcanditsonlincpagcduaiption;
Figm2isasdmﬁcviewof:inta=cﬁoqmlnemaigcpm,anapagepiinwr.aneq)agepagescwer.anda

neipage application server;

ﬁgum3nhmamuewonofmmmmdmmmmnwwdmamm
Figmellsaschmaﬁcmwofahigh-lcvelstrwnn'cofapnnwdncqngcmditsanlmqpagedmuipdou;
EgnmSnsaplmwewuwmgammofamcug. B 15 : : S
Egurebisl.phnvxew:homnglmllﬁmsh:pbﬂmnsctOEﬂwhgsﬁnwnmEngmdaﬁddof\neWoflnapagc

_,m&mmﬁmd:mpm._w S VS S

Hm?mammdlmwwg‘@mm -
msuammdammm{q‘mﬂndwﬁaw-mwm
ﬁgmc9uapmpmivcuqﬂodedviewoﬂhcwpmmhﬁwes -
FigurelOuudmﬁcblockdngrlnofnp@mollufonhemepmmmngesSlndD-

Figure 11 is & perspective view of & wall- _Htpngeptm
ﬁmllnlmmmghﬂwlﬂahofﬂgm printer of Figure 11: . :
Pigmelh:smen!rgedmonofﬁm &Mggmofmednplaedym%mdglumw
ﬁguulSulmmMmchkm@‘}ghugmdghwmlndptmtmginsoﬂhenupaﬂepmlcrofﬁgmu
1 and 12; . IR :,,,dkﬂ'n\ T B i -
ﬁgurelﬂusdamnmblockdimofa_‘_ A “migﬁ_wmmmwwpﬁmllmn.
ﬁgmlSullchcmaﬁcblockﬁmofdupl' 2 pnntengiuwnuoﬂersandh{cm_je(‘"p:mlmdsmnedwﬁxﬂn
printer controller stiown in Figure 14; ' e .
Flgumleammblﬁmufﬂwpﬁmmﬁmm@nﬂshowanm14and15
ﬁg\muxsapenpomvemwofadnghlggpjd pthungelemcm.nusedm.{oremmle.mcmpﬂnmof
Figurés 101012, g R ‘ ,
ﬁgm'cISBapcrspectivcmwofaanallpmofmamyomeuu“‘pnnungdmls
ﬁgun:19istsmsofpuspemvemmmumamgﬂmopamngcydeofﬁnMemm‘“pmnngehmﬂnshbwnh
Figure 13;

. Figure 20 is a perspective view of a short segment of & pagewidth Memjet™ printhead; -
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Figure 21 is a schematic view of a user class diagram;
Figure 22 is a schematic view of 2 printer class diagram;
Figure 23 is & schematic view of a pen class diagram;
Figure 24 is a schematic view of an application class diagram;

5  Figure 25 is a schematic view of 2 document and page description class diagran;
 Figure 26 is a schematic view of » document and page ownership class diagrant;
Figure 27 is a schematic view of a terminal clement specislization class diagram;

- Figure 28 is'a schematic view of & static clement specialization‘class diagratn;
Figure 29 is a schematic view of a hyperlink element class diagram;

10  Figire 30 is a schematic view of a hyperlink clemiéat specializaiion ‘cass disgran?
Figme3lls:sdlcmaucwewoflhypahnkedmdmdmm
Figure 32 is'a schematic view of & form'class disgram; =~ -

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

15  Figure 35 is & schematic view of & chéckbox field class diagrani;

Figure 36 is a schematic view of & text fickd class diagram; B

Figure 37 is a schematic view of & signiture field class diagram;

Figuré 38 is a flowchart of sn input processing algocithm:;

Figure 38a is a detadled flowchast of one skp of the flowchart of Figure 38;

20 Figmc”isasdminﬁcvicwofapagcidvddomﬁnddénmfcﬁs&dizm
Egmﬂkasdmncwwofammmdﬁmpdmdassdugmm, '
ﬁgmﬂ:suchemﬁ?%ewof:&vmliﬁdmdum

T Hgmuisundwcwofahimyhstdmdum : ‘ :

T T Figme A3 IS hematc view of SbCiption delivery prowscol; T : P s s e

25 ﬁgmuknndwmaﬁcwewof;hypﬂifnkmdmdhm BT s '
Figure 45 is a schematic \mzwofah)mt:d:til:m::t:nramupm!.oc:i'il'f S
Figure 46 is & schematic view of d foriii fubniiésin protocil; ™
Figure 47 i'a schiematic view of i commisSion payment peotoedl; ™~~~ 7 T
ﬁgmewluﬂwd:mofdommtmdn;inmgepdw

30 F:gmcﬂisa:&unﬂcviewofamof'ﬁ'ﬂiﬂﬂédgsmﬁﬂguﬁim
: ‘mmsokﬁdmmcmof.mgawnwmmﬁmm :

* Figae SR REchatic View of & fifit g C#d IV sjnbol sl Scatldi ichdind ™ RETE
ﬁgmszlsudmmcwwofamdmngstymbolmomm '
L Figie’S3 is WHniple Exploded view oF e Wallpda g it g

=2 B EFigies4 i Gipioaed view 6f the Ink 68 '_""""}'i*“!'”-r o
mssnapﬁrdmme-qumavmofﬂzinkwmge s

gy o4 e LEf

Figure 36 s a throe-quarter view of £ sibzie ik bliddef:’ e de i
- -ﬁmﬂammmmmlmm&mrmaniﬁmgﬁmmf&&m G

Vﬁmﬁhaﬁmm@mmdﬂwmmuv _
40 ﬁgm”uaﬁwrbxu-qummviewofﬂndewumoﬂhem

Figure 60 is & rear three-quarter view af the ‘electrical system:, - :
FigureGlisnﬁmuﬁme—qumcrvicwﬁﬂwmﬂﬁmﬁd:&wlowﬁoﬂméﬁmv&d;
Figure 62 js a section through the binder assembly; :
Figure 63 is a rear three-quarter view of the open glue wheel assembly,

‘;.
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Figure 64 is a section through the binding assembly and the exit hatch;

Figure 65 is a three-dimensional view of an interface module;

Figure 66 is an exploded view of an interface module;

Figure 67 is 3 top three-quarter view of the media tray; and

5  Figure 68 is a section through the top part of the printer.
DETAILED DESCRIPTION OF PREFERRED AND OTHER EMBODIMENTS
Note: Memjet™ is 2 trade mark of Silverbrook Research Pty Lid, Australia.
In the preferred embodiment, the invention is configured 16 work with the netpage networked computer
_ .. syswem, a dexailed overview of which follows. It will be apprecinted that not every implementation will necessarily
10 embody all or even most of the specific detsils and extensions discussed below in relation to the basic system. However,
the system is described in its most complete form 10 reduce the need for external reference whien sttempting (o understand
the context in which the preferred emnbodiments and aspects of the present invention operate.
In brief summary, the preferred form of the netpage system employs a computer jnterface in the form of &
mapped surface, that is, & physical surface which contains references to & map of the surface maintained in a computer
15 mmhmmfmmhwﬁdhmm@m%kﬁmmmﬁwm
implementation, the map references may be encoded visibly or invisibly, and defined in such a way that a Jocal query op
the mapped surface yickds an unambiguous map reference both within the map and among different maps. The computer
system can contain information abowt features on the mapped surface, and such information can be retrieved based on

) map references supplicd by a scasing deviee used with the mapped surface. The information thus setrieved can take the

20  form of actions which are initiated by the computer systemn on behalf of the operator in respouse to the operator's
interaction with the surface features.

i, maswdm{mmﬂqmgcqmmhqm&moammmmwmm.mu
These are pages of text, graphics and images printed on ondinary; paper, but which work: Kke imteractive web pages.
Information s encoded on each page using ink which, is substsatiajly, inyisible. to. the. unaided. human eye. The ink,

e g wadpryi

) 25 __however, and thereby the coded data, can be scased by sn opticaly,imaging pen ard transtitiod 10 the petpage system.
| .  In the preferred form, active buttons and hyperlinks,on: each page can be clicked with the pen to roquest
'infummﬂmﬂumukumﬁmmmwamkm In ot embodiment, text wryitien by hand on &
napmummnnlbmmmdmmwdwwmpuwmmﬂwmmmmmuﬁnedm
hmmmwmﬂmammwmﬂmgmmw
30 _be securely suthorized.
e Asilhssumdinﬁgm1.qmmodnctpagelmmnmwu:tvcfomwhchmbeﬁnedmbyme
) nscrbo«hphyslully.oqdup(mdpmmd“c!mmaﬂy” wmmmﬁmmbumﬂnpmmdﬂ:enw
mmamkﬂmxmw'fmmmmmwmmmgmmmm
s i,‘e:msssuufgﬂtphim:lﬂrnzp\-mtf.adusing'visibln:mlt.asu!mdtan:lthm‘.ipmttaclaswu:oll«:cam;m1:;t'nugs;4usi:igirwl:.ilvlt.'.ink.
35 mmmmgmmmmsm@menwmmwummmammm
' mmuxmmuwwwammm)ofmhmnmrmmﬁddormminun
. exmnplc).maﬂowdnndpagcsyswmwcmreedymmuhmumthcnctpagc Thcmbnﬂtbumﬁ.foraampk.hasa
s_znne7vdudxconspondswﬂwspmalumlofdwconupondmggmphic8 S :
' Asﬂlum:edinﬁgmz.dxcnetpagcpenlOl,amfmedformofwhxch:sshowninFigmesSand9and
40  described in more detail below, works in conjunction with a ictpage printer 601, an Internet-connected printing applisnce
for home, office or mobile use. The pen is wireless and conumunicates securely with the netpage printer via # shori-range
iadiolinkS‘ .
The netpage printer 601, aprcfcrmdformofwh:chisshownmﬁgtm 11 to 13 and described in more detafl
bclow. is eblc to deliver, periodically or on demand, personalized newspapers, magazines, caialogs, brochures and othes

-
.
¥
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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 adiacent to an arca where the moming news is first consumed, such as
in a user's kitchen, near a breakfast table, or near the houschold’s point of departure for the day. Tt also comes in tabletop,
deskiop, portable and miniature versions.

Netpages prinied st their point of consumption combine the case-of-use of paper with the timeliness and
interactivity of an interactive medium,

As shown in Figure 2, the netpage pen 101 interacts with the coded data on a printed netpage 1 and
mmmiwu.ﬁ:nﬂmmgendiqlink&theimuwﬁmm a netpage printer. The printer 601 sends the interaction to
the relevant netpage page server 10 for interpretation. In appropriate circumsiances, the page scrver sends a corresponding
message to application computer software running on a netpage application server 13. The application server may in um
send a response which is printed on the originating printer.

The netpage system is made considerably more convenient in the preferred embodiment by being used in
conjunction with high-speed microclectromechanical system (MEMS) based inkjet (Memjet™) printers. In the preferred
form of this technology, relatively high-speed and high-quality printing is made more affordable 1d"consemers. In its
preferred form, a netpage publication has the physical characteristics of a traditional newsmagazine, such as a sct of letter-
size glossy pages printed in full color on both tides, bound together for casy navigation and comfortable handling.

The netpage printer exploits the growing availability of broadband Intemet access. Cable service is available
to 95% of households jn the United States, and cable modem service offeting broadband Intamet access is already
available 10 20% of these. The netpage printer can alsa operate with slower connections, but with longer delivery times
and lower image quality. Indeed, the netpage system can be enabled using existing consumer inkjet and laser printers,
although the system will operate more slowly and will therefore be less acoeptable from a consumer’s point of view. In
mm&mmmmuwmnmmmhmnomﬂcmmMmcmn
bosted on & single computer or computer-enabled device, such as 2 printer.

e e ——-Netpage publication servers 14 on the Tetpage network are configured to deliver print-quality publicsiions to

25

30

40

. nétpage printers. Periodical pablications are delivered automarically to subscribing netpage printers via pointcasting and
mcliicasting Internet protocols. Personalized publications are filtered and formatted according to individual user profiles.
Awﬂwmbécmﬁgwmawmtmyhmoflmﬁdapmcﬁ:worku'r!thanynumba'of
netpage printers. In the preferved implementation, each netpage pen hias & umique identifier. A houschold may have a
oouewonofcolomdneqngepens.onclmpedmudxnnmbaoﬂheﬁnﬂy This ailows each user 1o maintaip a
distinct profile with respect to a netpage publication server or application server.
Ammmﬂwbempmedmmamemglsmnmmllmlmmmmmmmm
'Mmmmmmom&mwmymmwbemymmmgmmmmm
mmmhdmmﬂhd&mpcnwnhupwviouxlyregistmd:ignmm.allovdngit
to authenticate the user's identity to 21 e-Cominerce server. Oﬂmbionwiuunabobeusedtovenfy{dmlity Avemon

_ ofthuetpagepmincluduﬁngapnn(mnmg mﬁedmasimlarwaybyﬂwmtpagercgwmﬁonm N

A!ﬂmghtneqngcprintermaydclivu'pmodlm!smehuﬁwmnmgnewspapamﬂnﬁmmcnﬁon.
it can be configured never to deliver unsolicited junk mail, In its prefemed form, it only delivers pcnodicals from
subsmbedmothuwiscmmoﬂudmh&mhxwmam&aafumm&mﬂmmt
whchisvln’blcwmyjuukmﬂervdwknmmcm!ephonenumberorcmﬂaddrm ’ ”

1 NETPAGE SYSTEM ARCHITECTURE

Each object model in the system is described using a Unified Modeling Language (UML) class diagram. A
class diagram consists of a set of object classes connected by relationships, and two kinds of relationships are of interest
here: associations and genemlizations. An association represents some kind of refationship between obiects; i.e. between
instances of classes. A generalization relates actual classes, and can be understood in the following way: if a class is

o -

f“
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thought of as the sci1 of all objects of that class, and class A is a genesalization of class B, then B is simply a subset of A.
The UML docs not directly support second-order modelling - i.e. classes of classes.

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

An association is drawn as a line joining two classes, optionally Isbelied at cither end with the multiplicity of
:heassomnon. The default multiplicity is one. An astezisk (*) indicates a multiplicity of “many”, i.e. 2er0 or more. Bach

mﬁmkopdomuyhbeuedwuhmmmdtsnlsoopnomﬂyhhcnedudﬂmmdvmhﬁnmleofﬁw

corresponding class. Anopmdimndhdimumaggmgaﬁwumdﬁm(%ﬂﬂmd-ishmﬂﬂntggmm
mdomnelssoaanonlme.

Agmaalmuonmhuomh:p(“is-a”)lsdnwnunmﬁdlmejoidngtwodmudmmmuw(inﬂwfom
of an open triangle) at the generalization end.

m:m&mumwmmﬂummmydmmchumnmissrwwnvatha
dasmdoumneinallbunbemmdumvmid:deﬁnumhisﬂwwnmﬂum'bummlywhaemsdeﬁned.

11 NETPAGES
ngﬁmuwfomdaﬁmmwmdlammagemkubuﬂtﬂwymdeampu-bacdmm
10 published information and interactive scrvices.

A metpage consists of a printed page (otothcr:mﬁerc‘gion) invisibly tagged with references 1o an online
description of the page. The online page description is maintained persistently by a nétpage page server. The page
description describes the visible layout and content of the page. including text, graphics and images. It also describes the
mwtekmcnuonll'sepage.mdudmgbuuons.hypahnks.mdmpmﬁe}ds.hnctpageanowsmmngsmademma
mmmgmmumymmmbyuwm , xg

' Mmﬁpkmummﬂwmmdumpumnwwammmm@mm
it ed 2. Anique.page.identificr. 'lhs.page.m-hasmﬂ‘iumtpmionw
dmngukhbetweenuaylargcmmbaormu. 2 es

j}lﬂﬁ#feﬁmm&mmmumoddhlpﬁmugmn&mﬂuuﬂwmm
_its own position on the

napes mlﬂ listh; ped, each netps \~_,n-t

mmmdﬂwmmdm‘bedmmmmww -
mmmmmmuwmmmmmn. ;

mmWWanmhhmmMmmumudWamMmmmm

mmﬁlter ......

ERER Fok A 73

AmumemwmmummmwumWMmmm
mmmwmm Mpmnmmdwmmmﬁwjm,ﬂﬁ%mﬁuﬂmw

radio link. Tags #re sufficiestly  soall and densely amangod Mlhepcn cn relnbly g %ﬁm onc tag even on &
s.mgleéictunlhepegc huimpmﬂntlhﬂlheyeg cognize the page L

& IvRY R e

Mnmcmmmﬁmammmemfmmm,% tllomng itmummmt
dmmmofummpphdvﬂmhmmtﬁddshdnpage&smpuonfwmmm :

L A

‘Ihenhuomlupbetwemmemewmpumdwmgemﬂmmddnmmudmwumﬁgme

L G

e 'l‘hepageinsmweisWmmmmmmmwhmmnmdkmd.ifbommemeumm

requested it

12 NeTPaGE TAGS

121  Tag Data Content ) ,
hamfaﬂform.ud:lagidmﬁﬁesﬂwmgnminm uappms.mdlhelocauonofthaltagwuhinthe
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region. A tag may also contain flags which relate to the region as a whole or to the tag. One or more flag bits may, for
example, signal a tag sensing device to provide feedback indicative of a function associaled with the immediate area of the
tag, without the sensing device having 1o refer 1o a description of the region. A netpage pen may, for example, illuminate
an “active arex” LED when in the zone of a hypertink.

As will be more clearly explained below, in a preferred embodiment, each tag contains an easily recognized
invariant structure- which sids initial detection, and which assists in minimizing the effect of any warp induced by the
surface or by the sensing process. The tags preferably tile the entire page, snd are sufficiefitly small and densely wranged
that the pen can relisbly image at least one tag even on a single click on the page. It is important that the pen recognize the
page ID and position on every interaction with the page, since the interaction is stateless. -

In & preferred embodiment, the region to which a tag refers coincides with an entire page, sad the region ID

) mwdedinthengisﬁiuefmc_symymouswiﬂtmcpagemofuﬁageoanhthcuéMlnoMuﬂndim

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

Table 1 - Tagdata - \ ~
Field Precision (bits) ' -
Region ID 700 . ‘
Tag ID 16
Fiags T
Totad 120

Ednugcomainslzobnsofmfmmn.tymmllyaﬂowedasdmwnmhblcl Amm;lmax.lmumug
lqmtyofﬂpeuq&ttinch.a]G-bituE’mwppmumgionﬂzeofupw lmqumhmhgcrmgionsmbe
mppdmmmmlywmmﬂwugmyudﬁonshmhbyuﬁnglbumngmmmdm&m loo-bit

- *—@mw:‘“no”—a——nmm ar—tﬁama b& unig umque'ly iaﬁﬁﬁa:“

20

25"

: '30
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o

C ool the oded lagdifi‘. A.- e
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122 Tag Data Encoding
mm‘hmofugduammmtymdedm.us S)Rncd-Solomwdc.‘lhisywlds.’oﬁo
amdedbiuwnsiﬁiﬁg”of‘mdeimdsdlswtme&ﬁlﬁie'(ls.ﬁeodelﬂmuprSytﬂaolmorslobc
cmmctedpaeodemﬂ.te.hismlamofuynbdmnmofupmﬁ‘bpamdewd. o
m%mamﬁinamﬂaﬂywwqmyhdwmmdﬂwmadnmm
mmmieavedsﬁﬁﬁfy%ﬁﬂwh&ﬁumm:buum(mmaﬁmmﬂﬂemﬂyadJmtbim
mmgessnﬂﬁmmnmofsymbohomﬂmdamhnmmmofsymbohmmmmwﬂ.m
mﬁmidngﬂnﬁkmwﬂmewmbeﬁ:ﬂymeﬂuf’
123 Physlcal Tag Structure’ .. o
mphyﬁealféﬁmudmomeug.mwnmﬁms fnch daﬁxedmgu_mmmls 16, 17 and
m{abledauml&" ‘mw'mmﬁ'i‘&h&&mmgm‘mmwmmmm
- iofet fi L alre abip i

ori Imonrc!mvetothesmsor '!be.datat:_mcomammmuﬂwsofﬂxeindividuﬂbils

_ Toachlevcpmpetugrqxoducuon.dwmgumdetedattmoluﬁonofzsmdos._mmwdu1600

dolspu'tnd:lhisy!ddsaugwidud:mofabom4m.Atﬂﬁsmduﬂonﬂwugisdmgmdmbemmmdedbyn

“quiet arca”  of radius l6dots.Smoe mcquletmualsownm'butedbyadjmnugs.nonly:dds lﬁdntswd\eeﬁ'ccnvc
diameter of the tag. .

The tag includes six target stractures. A detection ring 15 allows the sensing davice to initially detect the tag.

The sing is easy 10 detect because it is rotationally fmvariant and because a simple cosection of its aspect ratio removes
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most of the cffects of perspective distortion. An orientation axis 16 allows the sensing device to determine the
approximate planar orientation of the tag due to the yaw of the sensor. The orientation axis is skewed 10 yicld a unique
orientarion. Four perspective targets 17 allow the scnsihg device o infer an scowrale two-dimensional perspective
transform of the tag and hence an accurate three-dimensional position and orientation of the tag relative to the scnsor.

All target structures are redundantly large 1o improve their immunity to noise.

The overall tag shape is circular. This supports, amongst other things, optimal tag packing on an imegular
wiangular grid. In combination with the circulsr detection ring 15, this makes a circular srrangement of data bits within
the tag optimal. As. shown in Figure 48, to maximise its size, each data bit is represented by a radial wedge 510 in the
form of an area bounded by two radial lines 512, a radially inner arc 514 and a radially outer arc 516. Each wedge 510 has
a minimum dimension of 8 dots st 1600 dpi and Is designed so that its base (i.c. its inner arc 514), is a1 least equal 1o this
winimar dimension. The radial height of the wedge 510 is always cqual 10 the minimum dimension. Each 4-bit data
symbol is represented by an array 518 of 2x2 wedges 510, as best shown in Figure 48,

The 15 4-bit data symbols of each of the six codewords are allocited 1o the four concentric symbol rings 182
to 184, shown in Figure 5, in interleaved fashion a5 shown in Figures 49 to 51. Symbols of first 10 sixtF codewords 520-

525 are allocated altemnately in cireutar progression around the tag.

The interfeaving is designed 10 maxintise the average spatial distance between any two symbols of the same
codeword.

In order to support “single-click™ interaction with a tagged region via a sensing device, the sensing device
must be sble to sec at least one catire tag in jts ficld of view no matter where in the region or at what orientation it is
positioned. The required diameter of the field of view of the sensing device is therefore a function of the size and spacing
of the tags.

Asﬂmingawwluugmmmmd;mddwmﬁdddmwhobmmmé"ﬁgs

. are viled on a equilateral triangular grid, as shown in Figure 6. e o

- —— 124 — Tagimage Processing and Decoding —---- - - oomremr o s e v e
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The tag image processing and decoding performed by a sensing device such'ss the netpage pen is shown in

" Figure 7. While a captured kmage is being acquired from the image sensor, the dynamic fange of the image is determined

(2 20). The center of the range is then chosen as thé binary threshold for the image 21. The image is then thresholded and
WMMMWﬁgMﬁ)(un)mMmmmemw
‘mmmmmmmdmmumm@m

Binary shape moments 25 are then: computed (at 24) for each shape, and thise provide the basis for
mMmﬂylonﬂngmmCmnﬂmmembmemaﬁmofmandmbemb
madc invariant of scale; aspect ratio and rotation.: :

. W%WMISBWMwhlmd(nZG) Amghsdacadvmageofbungmywell
WMMWWMMMWNWMM;
moments. Once ils second-ords moments are normalized the ring is easy to recopuize eved if the perspictive distortion
was significant. The ring's original aspect and rotation 27 -together provide a useful spproximiation of the perspective
transform. ' ‘ . DA —'._' B
The axis target :sucture 16 is the next to be Jocated: (at 28).- Ma:bhing‘ptowe‘ds"bynpplyingmeﬁng's
MmummmmsMMMmmmmmmommMmm

mmmmmbmmﬂmmuommmeWmMgwmm
possible oricntations of the axis. The shape is deliberately skewed to one side (o make this possible. Note also that it is
only possible 1o rotation-normalize the axis target afier i has had the ring’s normalizations applied, since the perspective

. distortion can hide the-axis target’s axis. The axis target’s original rotation provides a useful approximation of the 1ag’s

rotation due to pen yaw 29,

Ll
L‘,
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The four perspective target structures 17 are the last to be located (at 30). Good estimates of their positions
are computed based on their known spatial relationships to the ring and axis targets, the aspect and rotation of the ring,
and the rotation of the axis. Matching proceeds by applying the ring’s normalizations 1o each shape’s moments. Once their
second-order moments are normalized the circular perspective targets are easy to recognize, and the target closest to each
estimated position is taken as & match. The original centroids of the four perspective targets are then taken 1o be the
perspective-distorted comers 31 of a square of known size in tag space, and an cight-degree-of-freedom perspective
transform 33 is inferved (at 32) based on solving the well-understood equations relating the four tag-space and image-
space point pairs (see Heckbert, P., Fumdamentals of Texture Mapping and Image Warping, Masters Thesis, Dept. of
EECS, U. of Califomia st Berkekey, Technical Report No. UCB/CSD 89/516, June 1989, the contents of which are herein
incorporated by cross-reference). ,

The inferred tag-space to jmage-space perspective transform s used to project (at 36) each known data bit
position in tag space into image space where the real-valucd position s used to bilinearly interpolate (st 36) the four
relevant adjacent pixcls in the input image. The previously computed image threshold 21 is used 10 threshold the result to
produce the final bit value 37. hd

Once all 360 data bits 37 have been obtained in this way, cach of the six 60-bit Reed-Solomoen codewords is
decoded (at 38) to yield 20 decoded bits 39, or 120 decoded bits in total. Note that the codeword symbols are sampled in
codeword order, 50 that codewords are implicitly de-interlcaved during the sampling process.

The ring target 15 is only sought in a subarea of the image whose relationship to the image guarantees that the
ting, if found, is part of a complete tag. If a complete 1ag is not found and successfully decoded, then no pen position is
recorded for the curent frame. Given adequate processing power and ideally a pon-minimal ficld of view 193, an
slteraative strategy involves seeking another tag in the cumrent image.

st ‘ The obtained tag data indicates the identity of the region containiag the tag and the position of the tag within

the rezion. An accusate position 35 of the pen nib in the region, as well as the oversll oricatation 35 of the pen, is then
- inferred (a1-34) from-the -perspective-transform-33 - observed-on-the-tag and -the-known-spatial relationship between the
pen’s physical axis and the pen's optical axis. - :
125 TagMap L

Decoding a tag resuhs in a region ID, 2 tag ID, and a tag-relative pen transform. Before the tag ID and the
tag-relative pen Jocation can be translated into sn absolute location within the tagged region, the location of the tag within
the region mast be known. This is given by.a tag map, a function which maps each tag ID in a tagged region 1o a
comesponding Jocation. The tag map class disgram is shown in Figure 22, as part of the netpage printer class disgram..

A tag map reflects the scheme used 1o tile the surface region with tags, and this can vary acoording to surface
m%WmﬁmthmMgmmmmmmmwmmm

the same g map.

mugmpfwnmgmnmbemeublemmenﬂmm Ttm.pvenarchmm atag ID and x pen
n'ansfoxmthcugmapmbcmed.&cugﬂ)mbctmlslaxedintomabsolutctaglmnonwithmdwreglon.md '
the tag-relative pen Jocation can be added to the tag location to yield an absolute pen Jocation within the region.

126 Tagging Schemes

M&mwﬁxmdmgmmsmofmmbahofwmd:mﬁnngmmmbedwhain
thxssecuon.ﬂuprcfmedcodmgsdmusas“lonﬁon-mdhxing tagsasulmdyd:swssed.Analmauvcooding
schemme uses object-indicating tags.

A location-indicating tag contains a tag ID which, when translated through the tag map associated with the
tagged region, yields a unique tag location within the region. The tag-relative location of the pen is added to this tag
location to yield the location of the pen within the yegion. This in turn is used to determine the Jocation of the pen relative
10 2 user foterface elemwent in the page description associated with the region. Not only is the user interface element itself
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identified, but a Jocation relative to the user interface element is identified. Location-indicating tags therefore trivially
support the capture of an absolute pen path in the zone of a patticular user interface element.

Ar object-indicating tag coutains a tag I which directly identifics a user interface clement in the page
description associated with the region. All the tags in the zone of the user interface element identify the user interface
clement, making them all identical and therefore indistinguishable. Object-indicating tags do not, therefore, suppon the
capture of an absolute pen path. They do, however, support the capture of a relative pen path. So long s the position
sampling frequency exceeds twice the encountered tag frequency, l}wduplmmﬁomonesampledpcnpoﬂuontoﬂn
next within a stroke can be vnambigoously determined.

With eithes tagging scheme, the tags function in cooperation with associated visual elements on the neipage
ummndumumnwmmwmmemnwdmeudngmwmgmmm
fonagdamobemdbynwmmgdmcemdfwmappmmaempomewbegmedinﬂanﬂpagem
13 DOCUMENT. AND PAGE DESCRIPTIONS

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

In the netpage system a document is described at three levels. At the most sbstract level fhe document 836
has a hierarchical structure whose terminal elerents 839 are associated with content objects 840 such as text objects, text
style objects, image objects, etc. Once the document is printed on a printer with 2 patticular page size and according 10 a
particular user's scale factor preference, the dotumeat is paginated and otherwise formatted. Formaticd terminal elements
835 will in some cases be associated with content objects which are different from those associated with their
corresponding terminal elements, particularly where the content objects are style-related. Bach printed instance of a
document and page is also described scparately, to allow input captured through = particular page instancé 830 i be
recorded separately from input captured through other instances of the same page description.

The presence of the most abstract document description on the page server-allows a user to reguest a copy of
ammmtmwbmgfmwmﬁmcmmtssmdﬁcﬁmﬂwmmbemmwﬁngam

.. Shrough & printcr with & different page size, for.cxample. Conversely, the-presence-of-the-formaited document dcsmpuon

- on the page server allows the page scxver (o efficiently interpret user actions on a particular printed page.: -
Ahmodﬁm&mu&o{nmoffmmﬁmdsﬁpﬂm&uﬁmf%mohﬁ
of formatied terminal elements 835. Each formaited element has a spatial exient or zone S8 on the page. This defines the
active arca of input elements such as hypestinks and input fields. S :
N A document instence 831 corresponds 10 & formatted document 834. It consists of & sct of paje instances 830,
cach of which corresponds t0 a page description 5.of the formatted document. Each page instance 830 describes a single
unimaepnnwdnapagel mdmtkmcpagcmsoorthemqnge Apagcmumceisnotpmofadowwuinmmif

B urq:uueu;slcopyofapageroqmedinmhnm R S

, Amcmmemmﬁamofmmﬂdmmmsﬂummmmfn
(,_xmm&mmwawwmfmahypalmkdmtbmnmdsa

-:,un_ﬂ)ssw@ggbs;pgﬁﬁcmmc‘meiqmq.nﬂqﬁcmmmfmaﬁddekmubemuitmds

input specific (0 the page instance; An elesment instance docs not exist, owever; for static elements Sich 8 lextiows.
Amma!dcmmbeamﬁcdemtus ahypestink efement 844, a field element 845 or'd page server

' commﬂelemml%ushownmﬁgmcﬂ Amdmnt“mee:wkckumeﬂwnh’mmmdﬂﬂe
. object 854, 2 textilow element, 848 with an associated styled text object 855; an.image clement 849 with an associated

image element 856, a graphic element 850 with an associsted graphic object 857; a video clip clement 851 with an
associated video clip object 858, an audio clip clement 852 with an associated andio clip object 859, or a script clement
853 with an associated script object 860, as shown in Figure 28.

A page instance has a background ficJd B33 which is used 1o record any digital ink captured on the page

. which does not apply to a specific input element.

f.l
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In the preferred form of the invention, a tag map 811 is associated with each page instance 1o allow tags on
the page to be translated into locations on the page.
14 THE NeTPAGE NETWORK

In a preferred embodiment, a netpage network consists of a distributed set of netpage page servers 10,
etpage registration servers 11, netpage ID servers 12, netpage application sesvers 13, netpage publication servers 14, and
netpage printers 601 connected via 2 network 19 such as the Internet, 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 vartious- network activities. It suthenticates users and acts as a
signing proxy on behalf of authenticated users in application transactions. It also provides handwriting recognition
services. As described above, a netpage page server 10 maintains persistent information about page descriptions and page
mwmcmwmkmchdumynumbuofmemmhnmingawbwofmm.Sincca
page server also maintains user input values for each page instance, clicats such as'netpage printess send netpage input
direcily to the appropriate page server. The page server interprets any such input relative 1o the description of the
corresponding page. : "

_ A netpage ID server 12 aflocates document IDs 51 on demand, and provides [oad-balancing of page servers
via its ID sllocation scheme.

A nctpage printer uses the Internet Distributed Name System (DINS), or similar, 1o resolve a netpage page ID
50 into the network address of the netpage page servers handling the corresponding page instance.

A netpage application server 13 is a server which hosts imeractive netpage spplications. A netpage
wbhanmmaunmapphmmsmawhdtpubhsbcsnupagcdowmummlpagemm They are described
in detail in Section 2.

g  Netpage servess can be bosted on a variety of network server platforms from manufactirers such as:IBM,
. Hewlett-Packard, and Sun. Multiple netpage servers can run concurrently on'a single host, and a single seyver can be

-+ amm-distributed. over-a-pumber-of -hosts.-Some or-all-of-the-functionality provided -by-nctpage servers;-and-in-particuls the

25

functionality.provided by the ID server and the page server, can also be provided directly in a netpage appliance such as a
Bepage printer, inncompmrmtmﬁm.oronahulnctwmk. :
15 . . THe NETPAGE PRRITER - ST o
Mnetpagepnmuﬁol ismlpplhnoewhidxismmedvﬁd:dwmtpagesymmdmswpage
,mwmmmmmmmmwammm&mdkmwmm
mm.mm»ummmawm o
+. Apart from identity and security settings in non-volatile memory, ‘the netpage printer contains no persistent
mgc.Asfuasauscrismneaned.Wmmthhwmm’.fw-ﬁmdﬁm-wvdymspmm
- timg, with the help of the distributed netpage pagescrvers 10, independendy of articular netpage printers. L
, T The netpage printer receives subscribicd netpage docuiments frofh netpage publication servers 14. Each
document is distributed in two parts: the page layouts, and the actual text wid fmige objects which populate the pages.
Because of personalization, page layouts are typically specific (o a particulss’ subiscriber and so are pointeast o the
mbsqihu’smmcrvnatbcappropnmpagem TmmtdimagcobJWB.ontheo&:crhatﬁ.mtypmﬂyslwedmth
- ‘The netpage publication - server optimim the segientation ofdoa.n_nc.nt content into pointcasts and
multicasts, Afer rectiving the poinicast of a document’s page layous, the printer kriows which ukicasts, if any, to listeo
to. .
Oncethemnwhasmvodihwmmp\depageiayommdomsthaudeﬁneﬁwdommuobcmmed.u
can print the document.
The printer rasterizes and prints odd and cven pages simmitanecusly on both sides of the sheet. It contains

-
+
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dupl!_:_}'lﬁd print engine controlers 760 and print engines utilizing Memjet™ printheads 350 for this purpose.

The printing process consists of wo decoupled stages: rasterization of page descriptions, and expansion and
printing of page itnages. The raster image processer (RIP) consists of one or more standard DSPs 757 running in parallel.
The duplexed print engine controllers consist of custom processors which expand, dither and print page images in rea
time, synchronized with the operation of the printheads in the print engines.

Printers not ensbled for IR printing have tlie option to print tags using IR-sbsorptive black ink, although this
restricts tags to otherwise empty areas of the page. Although such pages have more limited functionality than IR-printed
pagﬁ.ﬂlcyues‘lillc!assedlsnapagcs.

Anormalmqngcpnmzrmntsnapagesonthecuofpaper Mmspemhsedwpagcpnmmmypnntomo
mmspechhwdmﬁou,aﬂsglobnwmwwammm&umuﬂmppomnlmmug
tiling scheme, and hence tag map, for each surface type. The tag map 811 which describes the tag tiling scheme actually
used to print a document becomes associated with that documeit 50 that the dociment’s tags can be conedtly interpreted.

Figure 2 shows the netpage printef class disgram, reflécting printer-related information maintained by a
registeation server 11 on the nctpage network, ' '

A preferred embodiment of the netpage printer is described in greater detail in Section 6 below, with reference
to Figures 11 to 16. ‘

151  Memjet™ Printheads

The netpage system can operate using printers made with a wide range of digital printing technologies,
including thermal inkjet, piezoclectric inkjet, laser electrophotographic, and others. However, for wide consumer
acceptance. nudesndﬂeﬂmanupagepmntuhavemefollomngchamm:x

. photographic quality color printing

. high quality ext printing = *
e« % *  highrelishiity -

— pni{er_ﬁ________ [ LI WP PRSI D PP SIRPIR PSP NPT IEORE S SR TR
. Jow ink eost '

. E simple np".' fion’

* 777 vearysilent printing

. hlshmntinsw

] ' simluneousdmblesidedmnnng

¢ 4 mmm o

mmwchﬂyavﬂabkmmnngmdumlogyhsaﬂofﬂmcm
_ Tomﬁhmuo&mmofwmmmmwmmhmqhmhmhmawm
technslogy, mfcrredtoasManjd‘“‘technology Mmetﬂuadmp-on&mdhkjuwchmlogythniwmpomcs
SEER tid

paseﬁdd:prmmeadsfabﬁcnduﬂngmuodmumchﬂdsysmmﬁwd:mbgy Figuzel‘lshomamglc
mnﬁdgdemtmofamm‘“pnnﬂuadﬁendpagewa\lprmmhworponl«l&%OmnuugdemﬂSﬂOw

. fo:mulﬁOOdpupagcmdﬂ\dnpkxmnw Thlspﬂntu'nmultmeouslyprmtscyan mgmayeﬂow,black.andinﬁmvd

mks":'s'izellupapercomhﬁmandmkﬁmvc
7" The printing elerent 300 is approximately uonnmlongbysznnmnswidc.amomm printing
élements are formed on a silicon substrate 301 that incorporates CMOS logic, data transfer, timing, and diive circuits (not
shown). '

Major elements of the printing eléient 300 are the nozzle 302, the nozzle rim 303, the nozzle chamber 304,
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the fluidic seal 305, the ink channel rim 306, the lever amm 307, the active actuator beam pair 308, the passive actuator

beam pair 309, the active actuator anchor 310, the passive actuator anchor 311, and the ink infet 312.

The active actustor beam pair 308 is mechanically joined 10 the passive actuator beam pair 309 at the join
319, Both beams pairs are anchored at their respective anchor points 310 and 311. The combination of clements 308, 309,
310, 311, and 319 form a cantilevered electrothermal bend actuator 320.

Figure 18 shows a small part of an arcay of printing clements 300, including a cross section 315 of a printing
clement 300. The cross section 315 is shown without ink, to clearly show the ink nlet 312 that passes tirough the silicon
wafer 301. .

Figures 19(8), 19(b) snd 19(c) show the operating cycle of a Memjet™ printing element 300,

Figure 19(2) shows the quiescent position of the ink meniscus 316 prios to printing an ink droplet. Ink is

retained in the pozzle chamber by surface wasion st the ink menlscits 316 and s the fluidic seal 305 formedl between the
nozzie chaundber 304 and the ink channel rim 306.

' While peinting, the printhead CMOS circultry distributes data from the print engine coutroller to the correct
printing element, latches the data, snd buffers the data to drive the cloctrodes 318 of the active actualor beam pair 308,
This canses an elecirical current 1 pass trough the beam pair 308 for about one microsecond, resulting in Joule heating.
The temperaure increase resulting from Joule heating causes the beam pair 308 to expand. As the passive actuator beam
pair 309 is not heated, it does not expand, resulting in 2 stress difference between the two beam pairs. This stress

_diﬁamecispmﬁallymolvedbyﬂmmﬁlevaedmdnﬁﬂmcleﬁoﬁmmlbcndacﬂxator”ﬂbmdingloward:dxe

substrate 301, The lever arm 307 transmits this movement to the nozzle chamber 304. The nozzle chamber 304 moves
about two riicrons 1o the position shown in Figure 19(b). This increases the ink pressure, forcing ink 321 out of the nozzle
302, mdmsinslheinkmmiscus3I6mbulge.'lhcnozz!erim303ptcmtslhcinkmcnisa133lﬁﬁ'omspwadingacross
the surface of the nozzle chamber 304. :

Mwwammmmmammmmmmmmmmmpmm
_'This aids.in the break-off of the ink droplet 317 from the ink-321-in the nozelechamber,-as shown in Figore 19(c). The
mu]cd:mi)crunﬁﬂedbyﬂlcmonofﬂlennﬁoemmﬁthemcmmﬂﬁ.

Figure 20 shows a segmeat of a printhead 350. In a netpage printer, lheimgﬂlotlhepmnbndlsuxeﬁm
widﬂ:ofd:epapu(typwanyzmuun)indudumﬁl.mscgmmtshownuoﬂ_mlong(mo.‘z%ofaconpmc
printhead). When printing, the paper is moved past the fixed printhead in the direction 352. The printhead has 6 rows of
interdigitated printing elements 300, pdnﬁnglbesixeolmsonypuofinknmﬂiedbytheinkhhﬂlz

Topmmﬂuﬁnﬁhmﬁwdﬂ»mﬂwﬁ&mngmumg)cmmﬂmfu%bkmﬂedwﬂw
printhead substrate 301. mmmmmmmmmm&nmw&mm
d:op!esmﬁzed.Tomvmtﬂ:enomkgtmdbolesSSlﬁombewmgblochdhymaﬁbmoro&mdebm,ﬁlwed

m'lspmnpedduwghdnai:inldsBS!mdmofﬂwmulegumﬂhohsdmmgprmnng.Toptmhknl ﬁ'omd:ymg. <

.....

!hcnoaleguxdiswaledw'pilcllwpnnmkldlc- S
48" TheNetpage Pen e
T Mﬁwmdeﬁmdlbendpaaemntymmﬂylpmlm wmch.usingmmmmuer
134 islbletoupmmmddeeodelkpo&mugs&omapagcviammgemm 'Ibeimagesmsorunsolid-smc
dempondodmmmwommﬁlmtopanﬁtmnguonlynur-mﬁwedwave]eugths.Asdﬁcrﬂndmmoredﬂaﬂ
below, dnemanisabletomwhmdwm’bumeonmmﬂ:ﬂ;eau&ce,mdﬂxepcnisablewmsctagsan
su!ﬁcaanmwcapmrehummhmdwnmg(i.e.ummorgxwaand 100 Hz or faster). Information captured by the
pemsenuypwd:ndmluslyummwthcpnnm(orbascsmnon),thcpnmc:orbascmnonmmnngdmdm
with respect to the (known) page structure.

The prefetred embodiment of the netpage pen operates both as a normal marking ink pen and s a non-
mrkiugstylus.ihcmarkh;gaspoct.homer,isnotmytordsingthcnetpagesymmasabmwsingsys&cm.suchas

-
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when it is used as an Infemnet interface. Each netpage pen is registered with the netpage system and has a unique pen ID 61,
Figure 23 shows tﬁénoqngepmdmdiamm.mﬂeming pen-related information maintained by a registration server 11
on the netpage network.

When either nib js in contact with a netpage, the pen determines its position and orientation relative to the
page. The nib is attached to a force sensor, and the force on the nib is interpreted relative to & threshold to indicate
whether the pen is “up” or “down™, This atiows a interactive element on the page to be “clicked” by pressing with the pen
mb.mouﬂuquumny.mfomonfmmamwork.ﬁmhummefmucmuedasaoonunuousvalucm
allow, say, the fufl 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
‘spoctrum, an arca 193.of the page in thie viciity of the pib. k decodes the nearest tag and computes the position of the nib
relative to the tag from the obstrved perspective distortion-on the imaged tag and the known geomenry of the pen optics.
- Although the position resolution of the tag-may.be low, because the' tig density on the page is inversely proportional to
the tag size, the adjusted position resolution isquncmgh,uceedingmemmmmmolunonreqtmdform
handwriting recognition.

Pmmsmwmamemmsamorm A stroke consists of 2 sequence of time-
stamped pen positions on the page, initiated by a pen-down event and completed by the subsequent pen-up event. A stroke
is also tagged with the page 1D 50 of the netpage whencver the page 1D changes, which, under normal circumstances, is st
the commencement of the stroke. )

Each netpage pen has a current sclection 826 associated with it, allowing the user to perform copy and paste
operations etc. The selection is timestamped to allow the system o discard it after a defined time period. The comrent
sclwtiondescribaarcgionofapagehﬁmltmnﬂsuofdwmmtdigiulinkmkcmpwedﬂuwghlhepm
relative to the background area of the page. kxsm:amﬂedinmappﬁmuon—qﬁciﬁcmnnermkusubnﬂmdtom

. - - -application via a selection hypeslink activation.

30 .

R

-~~~ Each pemrhas wounvent wily 824 This i thenib 18t Tiotificd by e pea €0 Ihe sysim. In the case of the default
mmmmmmmmmmmm$WMWgnﬂmm$kmMmalsoh:s
a corrent pib style 825. Muﬁnnibuykhnmﬂedvﬁthhpmbymm&g.mmmﬁwm
.. -selecting a color from a paleste. The default nib style is the nib style sssociated with thé cirrent uib. Strokes captured
Mammﬂgﬁm&&m&nﬁnﬁm%ﬁe%mmmwmmm
the pib style with which they sre tagged. . -

Mmuﬂnpmkuﬂdunmgeofamnmm&wﬁd:nmmmmmemﬂowlyﬂaﬂmm
"'onlme LEDWhmuupmfukmdmdeamkemmmwuapage,ummuﬂymmmwm When

. - < the pen succeeds in decoding a strokeirelative: to.the page, it momentarily activates its “ok” LED."

AscqamcofupumdmhkwBmfamdmndiﬁullﬂ.'mhkfmmebmfwﬁndigimm

dhthMmfmewmofhmdmm&hﬂfWaﬂmmﬁmimof&gnm
Thcpmnwrdasmdmudighﬂmkwthcwpagemmlsboumgcndwhnhm

o mnsnuuoddxgiulmkisenayptodrormmymdmmty-ndpwkmmdforeﬂidmtumsnﬁssion.b\msalwys flushed

40' digital ink.

on a pefi-up event 1o ensure timely handling in the ptinter. e : -
. Wlwnthcpen:smn-ofmgcofupmmubuﬁ‘mdtgmlinkmmnalmmy which has a capacity of
. over ten minutes of continuous handwriting. thntbcpm:sonocagamw:ﬂunmgeof:ptmw um[manybul’fcmd

Apencmberegistueduﬁthmynumberofpmtm;bmbwmsemmdmwsidminnup&gubum:m
paper and on the network, it is largely immaterial which printer a pen is communiciting with at any particular time.

A preferred embodiment of the pen is described in greater detail in Section 6 below, with reference o Figures
81010,

-~
&
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1.7 NETPAGE INTERACTION

The netpage printer 601 reccives data relating to 2 stroke from the pen 10l'M)enlhcpenisusedmim
with 2 netpage 1. The coded data 3 of the tags 4 is read by the pen when it is used to execute a movement, such as a
stroke. The data allows the identity of the particular page and associated interactive element to be determined 20d an
indication of the relative positioning of the pen relative to the page (o be obtained. ‘The indicating data is transmitted to
the printer, where it resolves, via the DNS, the page ID 50 of the stroke info the network sddress of the netpage page
server 10 which maintains the corresponding page instance 830, It then transmits the stroke 1o the page server. If the page
was recemly identified in an carlier stroke, then the printer may already have the address of the relevant page server in its
cache. Each netpage consists of a compact page layout maintained persistently by a netpage page server (see befow). The
mehwmmfmmobjmnldzuimgu.fmmdpiemﬁmmwasewhmmmcnﬂpagemarorh

When the page server receives the stroke from the pen, it retrieves the page description 1o which the stroke
applics, and determines which element of the page description the stroke intersects. It is then sble to interpret the stroke in
the conteat of the type of the relevant element. .

A “click™ is & stroke where the distance and time between the pea down position and the subsequent pen up
position are both less than some small maximum. An object which is activated by a click typically requires a click 1o be
activated, and accordingly, & longer siroke is-ignored. The failure of a pen action, such as a “sloppy™ click, to register is
indicated by the Jack of response from the pen's “ok™ LED.

Therc are two kinds of fnput elemeats in a netpage pagc description: hypertinks and form fields. Inpur
through a form ficld can also trigger the activation of an associated hyperlink.

1.71 Hyperiinks

A hyperink is a means of sending 2 message 10 a remote application, and typically elicits a printed response
in the netpage system. =

A hyperlink element 844 identifies the application 71 which handles activation of the hypertink, a link ID 54
which idestifies the hypérlink to the &pplication; an “aliss required™ flag which asks the system 0 include the user's
spplication alias ID 65 in the hyperlink -activation, and a description which is used when the hyperink is recorded a5 a
ﬁmuwwshww:m.mmﬁnkdmdmﬁmksbmhﬁgme 29.

When & hypertink is activated, the page server sends a request to an spplication somewhere on (he network.

- The spplication is identified by an application ID 64, and the application ID is resolved in the nonal way via the DNS.
There are three types of hypestinks: gencral hyperlinks 863, form hyperlinks 865, and selection hyperlinks 864, as shown
inFlgu_r_cM.Agenualhypalinkunimplemem:requdfonlinkeddoMszysimply-ﬁgmhpmfmma
m.Afwmhwaﬁnkmbﬁumcwmn&ngmwdwappﬁaﬁmAxhcﬁmhypuﬁkmemem
selection to the application, If the current selection contains a single-word piece of text, for example, the spplication may
retum a single-page document giving the. word's meaning within the context in which it appears. or & translation into a
different language. Each hyperlink type is characterized by what information s submitted o the application. -

The comesponding hyperlink instance 862 records 2 transaction ID 55 which can be specific to the page
jnstance on which the hyperlink instance appears. The transaction ID can identify user-specific data to the application. for
example a “shopping cast” 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 hypesdink activation. The system includes
the content of the associated form instance 868 in 2 form hyperlink activation, although if the hyperlink bas its “submit
delta™ suributz set, only input since the Jast form submission is included. The system includes an effective retum path in
all hyperlink activations. :

A hyperlinked group 866 is a group clement 838 which has an associsted hypesink, a$ shown in Figure 31.
When input occurs through any ficld ¢lement in the group, the hyperlink 844 associated with the group is activaied. A
hyperlinked group can be used to associate hyperlink behavior with a field such as a checkbox. | can also be used, in

”
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conjunction with the “submit delta™ auribute of a form hypeslink, to provide continuous input 10 an application. It can
therefore be used to support a "blackboard™ interaction model, i.e. where input is captured and therefore shared as soon as
it occurs.

172 Forms

A form defines a collection of related input ficlds used to capture a related set of inputs through a printed
netpage. A form allows & user to submit one or more parameters to an application software program running on a server.

A form 867 is a group element 838 in the document hierarchy. It ultimately contains a set of terminal field
elements 839. A form instance B68 represents a printed instance of a form. It consists of a set of ficld instances 870 which
comrespond to the field clements 845 of the form. Each field instance has an associated value B71, whose type depends on
the type of the comesponding field element. Exch field value records input through a particular printed form instance, i.¢.
through one or more printed netpages. The form class diagram is shown in Figure 32. _

Each form instance has a status 872 which indicates whether the form is active, frozen, submitted, void o
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 hypertink has its “submit dea™ attribuie set'A form becomes
void when the user invokes a void form, reset form or duplicate form page command. A form expires when the time the
form has been active exceeds the form’s specified lifetime. While the form is active, form input is allowed. Input through
a form which is not active is insicad captured in the background field 833 of the relevant page instance. When the form is
active or frozen, form submission is aliowed. Any altempt 10 submit a form when the form is not active or frozen is
rejected, and instcad clicits an form status report.

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

 Alkinput is captured as digital ink. Digital ink 873 consists of a set of timestamped stroke groups:834, each of
which consists of & set-of styled strokes 875. Each stroke consists of a set of timestamped pen positions 876, each of
~which also includes pen orientation and nib force. The digital ink class diagram is shownin Figure 33.- — - . .. .

Aﬁddelemtwmbendnddaoxﬁddlﬂ.uextﬁeldﬂs a drawing field 879, or & signature field
8&0 mfndddemcmdmdimisshmminﬁgmeu Anydtg:ta!inkeapnnedmaﬁcld & zone 58 is assigned w0 the
field.

A checkbox ﬁddhnsanasso_cmedboolmvalm 881, as_shuwninﬁglntBS. Any mark (a tick, a c70ss, 2
stroke,  fill 2igzag. eic.) captured in a checkbox field's zone causes & true value to be assigned to the field's value.

- Atext field has an associated text value 882, as shown in Figure 36. Any digital ink captured in a text ficld’s
.mkmmanymvamdmmmoﬂmm&wﬂﬂngmmmdhmnmgnedmthcﬁeldsvﬂue.
Odmhﬂm@gmmﬁmumumod(mfmmmqum&CY Suen and T. Wakahara “The State
of the At in On-Line Handwriting Recognition”, lBEEhmsmonson-PmunAmlynsandMadnm!mg!!lm
,VoLllNu&AngustlmmwmmBofwhid:mbaunMpomedbymﬂﬁm) .

C e Ang:meﬁddhnmmﬂed&gnﬂnmquesw.ushuwnmﬁgmﬂAnyd;gm!hﬁ
_capnnndmangnamﬁekl'smnquamomaneaﬂyvmﬁedﬂthmpgqtgo,ﬂnidmmyonh;omofﬂnpm.mda

. digital signature of the content of the form of which the ficld is part is generated and assigned to the field's value, The
 digital signature js generated using the pen uscr’s private signature key specific to the application which owns the form.
. Online signatire verification is well-understood (sce, for example, Plamondon, R., and G. Loretie, “Automatic Signature

Verification and Writer Identification - The State of the Art”, Pattem Recognition, Vol.22, No.2, 1989, the contents of
which are herein incorporated by cross-reference).
A field clement is hidden if its “hidden” attribute is set. A hidden field clement docs not have an input zone
. on a page &nd does not accept input. It can have an associated field value which is included in the form data when the
form conlaining the field is submitted.

”~
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“Editing™ commands, such as strike-throughs indicming deietion, can also be recognized in form ficlds.
Because the handwriting Tecognition algorithm works “online”™ (i.c. with access to the dynamics of the pen
movement), rather than “offline” (i.e. with access only to a bitmap of pen markings), it can recognize run-on discretely-
writien characters with relatively high accuracy, without a writer-dependent training phase. A writer-dependent mode! of
handwriting is automatically gencrated over time, however, and can be generated up-front if necessary,
Digital ink, us already stated, consists of a sequence of strokes. Any stroke which starts in & particular

. clement’s zone is appended to that clement’s digital ink stream, ready for interpretation. Any stroke not appended to an

object’s digital ink stream is appended 10 the background field's digital ink stream.
Digital ink captured in the background field is interpreted as a selection gesture. Circumscription of one or

.mote_objects'uMy-hmdu;ﬂﬂndh&mmﬁbdoﬁmd&u@dwmﬁh&wmﬁmk

Table 2 summarises these various pen interactions with & netpage,

" Table2- Summaryofpmmcuomwuhnnetpage R : ”

~Object Type Pen Input ___Action
kK [General Click ~~ [Submit action to application
Form Giick Subrll form to appication
Salection Click [Submit selaction 10" application
field  |oheckbox  JAny mark Assign true to field - '
Text " fHandwriting " [Convert digital nk to text; assign text to field
Drawing Digital nk Assign digital ink 16 field
Signature ™ [Signat — "‘Vdmwwwm genorate digital !
b SR , -”‘awsﬁmdﬁgmmmm-
» T b Schcumscription - Wmmb‘mmmwm
R : RIS SRR TR R A

, ﬂwmmmﬂnwmumnwwlécﬁmfummmﬂuwdmﬁmﬁmﬂyﬁumdmmke
mmubﬂmﬁmmmummmwmmmmm
- mmwmgimhkapmedMemyﬁddhmﬁnédmﬂszcmuﬂkMyummd
-wiith thé form data when the foith is submitted 1o the application. This allows‘the spplication to interrogate the raw digital
‘wmnmmmmmmsmmwmﬁm text. This &ini'for exiiiple, involve
in-spatific consisichcy clidcks. As sn
-exmantothis.meenﬁrebackgmmdmofafmmhdﬁm&ui&aﬁugﬁmmqﬂuﬁmmm
‘decide, on the basis ofmemmofammkunﬁaﬂnuﬂiuim‘fordn formi, 1 route the fopli io s humn
siddrhs ‘ﬁé&fﬁned-inﬁeldsmdeofmmlds

Ji‘v

Figure38miWomeofmﬂhngpminﬁ&_mhﬂwmanwﬂmemm

(aimnhcreoeivedmketoﬁwdlgmunkonbeﬁeldm%ﬂ mﬂeung(aw%)memﬂmddgiu!inkofme'
ﬁcld.mdddmm:mng(at&%)mﬂmmeﬁcldlsmofnhypaimkedgrmpﬁﬁﬁandif:oaﬂivaung(utwﬁdw
assaciated hyperlink; alternatively determining (at 889)wheduthefmmmdelcmmtooﬂtspmdsmahypethnk element
and if so activating (at 895) thic corresponding hypedtink; alieriisiively, in the sbsence of an input field or hypérlink,
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appending (at £90) the received stroke to the digital ink of the background field 833; and copying (at 891) the received
stroke to the cutrent selection 826 of the current pen, as maintained by the registration sexver.

Figure 38a shows 2 detziled flowchant of step 893 in the process shown in Figure 38, where the accumulated
digital ink of a field is interpreted according to the type of the fiekd, The process consists of determining (af 896) whether
the field is a checkbox and (at 897) whether the digital ink-represents a checkmark, and if so assigning (at 898) & true
value to the fickd value; alteratively determining (st 899) whether the field is a text field and if so converting (at 900) the
digital ink to computer text, with the help of the appropriate registration scrver, and assigning (at 901) the converted
computer text 1o the ficld value; alternatively determining (a1.902) whether the field is a signature ficld and if 50 verifying
(a1 903) the digital ink a5 the signature of the pen’s owner; with the help of the appropriste registration server, creating (st
904) a digital signature of the contents of the corresponding form, also with the help of the registration server and using
the pen owner’s private signsture key relating 1o the corresponding application, and assigning (st 905) the digits)
signature to the field valve. R

173 PageSuvofGommands _ e ;

Amememdkammmdwhchkhmﬂedloaﬂyby&cpmmhopamsduwdym
form, page and document instances. -

Amcmmmd%?mbcamﬁormmmdm&aduphmfmwmmdm amsetfmn
command 910, a get form status command 911, a duplicate page command 912, a reset page command 913, a get page
status command 914, a duplicate docement command 913, a reset document command 916, or a get document status
command 917, as shown in Figure 39.

Avo:dfwmoommandvo:dsdncorrupondmgfommﬂm A duplicate form command voids the

" corresponding form instance and then produces an active printed copy of the cumment fonm: instance with field values

preserved. The copy contsins the same hypedisk transaction IDs as the osiginal, and 30 is indistinguishable from the
oﬁginﬂwmmﬁimmAmafmwmndmbnwmpm&ngfmhﬁmmdﬂmm.mwﬁm

« ~printed copy of the form instance with-field values discanded-A-get-form status command produces-a peinted report-ot the

mofﬂwemmdingfominmcc.indudm;whopww&wh:nitﬁaspuinted.forvdnomitw:smwd.md
the form status of the form instance,

Smafmhmhkhﬂmmsmm.melpﬂmuwhumbemvdwdhm:
WMMAWMIWMWB_WMWBle

A dupticate page command produces a peinted copy,of the corresponding page instance wit the background
field value preserved. If the page contains a form or is part of & form, then the duplicate page. command is interpreted as &
duplicate form command. A reset page command produces a printed copy of the comresponding page instance with the
background field value discaded. If the page contzins & form or is part of a form, then the reset ‘page command is
mtamcd:samafmmommniAsﬂmemmmandprodnm printed report on the status of the
' mthmm&mmmmmnmmmmmMof

= l‘l b2t

myfmms:tmnuinsorlspm’ i . "‘k"fi' " : S
mmbgom&msmemyncwkmﬂlymadmlhaduphwewgedmt
_ Wlwnapagehs&nqeisdﬂph@wiﬂxﬁddva!uﬁ,wmwuesmpnntodmlhcirnanvcfnm
m.adwckmtmpwssamMaddwchnmtmqumdmmpmuwmeMyMgsmdspm
mpmmmmmﬂmm:agummmpqubyamdudmcmmgmﬁﬁﬁm
verification.
A&pﬁwmmmapnmdwwofdwmmdmgdommtmsmmm
backgromdfeldvalmmmved.lfﬂndommteonmmanyfoms.ﬂmmmmhmdwmtwmmddupﬁm
the forms in the same way a duplicate forin command docs. A reset document command produces & printed copy of the
comesponding document instance with background ficld values discarded. If the document contains any forms, then the
o
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wt_‘psadowmmwmﬂmﬁnfnmsiumemmyumfommmmnddo&hgadnqmnmmsmm
produces 2 printed report on the status of the comesponding document instance, including who published 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” attribute is set, then the command operstes on the page identified
5 by the pen's cunrent sclection rather than on the page containing the command. ‘This allows’ & menu of page server
thpﬂnﬁﬂﬂwmm&mtmammwmddmfuﬂnddmmeserver
command, then the command is ignored.
An application can provide application-specific handling by embedding the Televant page server. command
MmanmMWMMMWMMMmMWMMNMM
10 executing the page server commuand. o .
AmmmﬂMuhddenﬂisﬂuddm‘m’buwismAhmmmm
mhwmhpnmmapagcmdnummbemueddnmlybylm Tt can, hotvever, be activated viz 2 page
server command embedded in a different page, if that page server comniand has its onselecwd"llmbuteset- '
18 STANDARD FEATURES OF NETPAGES -
i5 mmemmmmmummmmmgoumemmmmdmiusa
m:pagemdmudwehasmencﬁvepmpums.nwbgoalsowunmpybunon In most cases peessing the logo
produces & copy of the page, In the case of & form, the button produces a copy of the entire form. And in the case of &
secure docusnent, such as a ticket or coupon, the button clicits #n explanatory note or advertising page.
The default single-page copy function is handled directly by the relevant netpage page server. Special copy
20  functions are handled by linking the logo bution to 2n spplication.

1.9 User Hewp SvsTEM
hapwfumdcmboﬁmm.dwmpagemmhaslwﬁebnnonhbdlcdmp Whéii ‘pressed it elicits a
nnglemcofhmmw :
st e gtatus of piifiter COMBECHER """ T 7 T - - h
L ‘status of printer consemablcs < :
. top-tevel help menu '
‘o document fundtida-ment *-
5 mwmmuwmmummmmmmm
30 mdoammmmminclmmerouowiagﬁmﬂm
e - print a'copy of a docuiiedit™ :
e plimtdunoopyoflfolm _
- & ... printthe statis of & dotimicnt - S o e

Ammkﬁﬁmwmymmmmmmmgmmofmmn
35 MMofamumawhopubhslwditmdmtowhomnw:sdchvaed.mdtowhomuuwhcnitwas
subsequenily subniitied as aform: il
Thcmtpagcnetwotkdnedorytllows&wummuﬂgﬁléﬂiéﬁuud&yofpubh@hmmdﬁdmonthc
mm»nmmmemmnnmemcnm&tw‘m«wwm mdspaklolhumm
- * opétator. The operator cin Jocite ithe‘desired docitment and routé it 10'the user's printer. Dependingonﬂacdoclmnype.
40 thepubltslmortbeuscrpay:ﬁ:cman“yellowpaga service fee.
“The help page s obviously unavaitable if the prioter is unable t6 print. In this case the “error™ light 3 lit and
the user can request remote diagnosis over the network. ' ‘
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2 PERSONALIZED PUBLICATION MODEL

In the following description, news is used as a canonical publication example to ilustrate personalization
mechanisms in the netpage system. Although news is ofien used in the limited sense of newspaper and newsmagazine
news, the intended scope in the present context is wider.

5 In the netpage system, the editorial content and the advertising content of 2 news publication arc personalized
using difierent mechanisms. The editoria) content is personalized according 1o the reader®s explicitly stated and implicitly
captured interest profile. The advertising content is personalized according to the reader”s loealitymddcmogmpb:c.

21 EDITORIAL PERSONALIZATION
A subscribes can draw on two kinds of news sources: those that deliver news publications, and those that
10 deliver news streams.“While news publications are aggregated and edited by the publisher, news streams are sggregated
cither by a news publisher or by a specialized news aggregator. News publications typically comrespond to traditional
newspapers and newsmagazines, while news streams can be wany and varied: a “raw” news féed from a news service, a
cartoon strip, 4 freclance writer’s column, a friend’s bulletin board, or the reader’s own e-mai).
The netpage publication server supports the publication of edited mews ‘publications gs well a3 the
15  aggrepation of multple news streams. By handling the aggregation and hence the formatting of news streams selected
directly by the reader, the setver is sble to place advertising on pages over which it otherwise has no editorial control.
The subscriber builds a daily newspaper by sclecting one or more contributing news publications, and
creating a personalized version of each. The resulting daily editions are printed and bound together into a single
mwspapermw:m@usof:mwdwwlym&qumhmwmbythgmﬂm
20  daily publications and then customizing them. :
For each publication, the reader optionally selects specific sections. Some sections appear daily, while others
s eppear weekly. The daily sections available from The New York Times oulineifof exasiple; iniciide “Page One Plus”,
“National”, “International”, “Opinion”, “Business™. "Amll.ivmg" “!‘echno!ogy". and “Sports”. The set of available
T gaetions T SpecifiC IO F piblication;; asis the defanlt subsét” . o
26 - . “The reider can extend the daily newspaper by ceating custom sections, each one drawing on any number of
mmmmmghtbeawedfore-mﬁlmdﬁtmds mmmocm(“l’moml") iof for monitoring

newsfeedsfoﬂpedﬂaquu("uats or “Clippings™). - - : .

Forudlseeﬁm.—d:emadaopﬁmﬂlynpeciﬁuisﬁm,eilharmﬁuﬁvely(c.g.Mmdium.orlong),nr
numerically (i.c. asahmtonmwmbaofpages).mddzedeshvdpmmonufadmdﬂng.dﬂuquﬂiuuvely(e.g.
30  high, normal, fow, none), or numerically (.. as 8 percentage).

: mmmmyw-mhalmmdmmdu&smmor

mwmmwm&wymm(wmmmmmmfmwwmm
Anuﬁdemya!wbcmm(wediwd)hdﬂamtmﬁmmmmemmdmmmofme
+ Teader, forennpleloptwidel:hi!drcnsandldulls mmwmwummmgmme

' 35 madasngc.'lhereadcrunsmfyn"nadmg!ge Whld\ukespreocdmccowrﬁwirbloloﬁcd:ge.

- The articlés which make up each section areselécted dnd priositized by thééditors) and each is assigned a

. useful lifetime, Bydefmnmcymddnwedtoaﬂmkvmtmbsm’bas,mpnmtyotﬂu mbjeatospaeecdnsuuntsm

- mmﬁonswhmniswopnm.mcmdamyopumﬂlyenablemmbmnuveﬁlwmg This is then
40  applicd to articles which have a sufficiently jong lifetime. Each article which qualifies for colisborative filtering is prinied
mthmunghmausanhcmdonhcnuclc.'lhebuuomcanpmwdeanusychome(eg “liked™ and “disliked’), making it
more likely that readers will bother to rate the article.
Articles with high priorities and short lfetimes are therefore effectively considered essential reading by the
editors and arc delivered to most relcvant subscribers.
-
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The reader optionally specifies a serendipity factor, cither qualitatively (e.g. do or don’t surprise me), or
numcunlly A high serendipity factor lowers the threshold used for matching during collaborative filtering. A high factor
maku:tmmhkclyt!mmeoorrcspmdmgsecuonwﬂlbeﬁiledtomemder’sspomﬁodcapamy.Ad:ﬁctmlsctmmty
factor can be specified for different days of the week.

5 The reader also optionally specifics topics of particular interest within & section, and this modifiss the
priorities assigned by the editors.
mwefmmsmmmmmummmmummm
opnmnliyspmiﬁesapmfmfwkwwcormnﬂuimsamboﬂxlﬁhemmberors:zeofmgsisnot
reduced, then images may be delivered at lower quality (i.c. at lower resolution or with greater compression).

10 At a global level, the reader specifics how quantitics, dates; times and monetary values are localized. This

_ involves specifying whether units are imperial or metric, a local timezone and time format, and & local curvency, and
. whether the localization consist of in situ translation or annotation. These preferences are derived from the reader's
Tocality by default.

: Tomduoemadmgdnfﬁculnescumdbypoorcyuighl.dwmdaopuonallyspemﬁesagldﬁdmfmfor

15  alarger presentation. Both text and images are scaled accordingly, and less information is accommodated on each page.

The language in which a news publication is pablished, and its comresponding text encoding, is a property of
ﬂnpubliclionlndnolaprefmexptﬂsedbylheum.}hm,d:ewpagesysum.canbcoonﬁgmedwmﬁdc
automatic translation services in various guises.

22 ADVERTISING LOCAUZATION AND TARQETING

20 The personalization of the editorial content direcily affects the advertising content, because advertising is
typicaily placed to exploit the editorial context. Travel ads, for example, are more likely to appear in a travel section than
_elscwhae.'l‘hevalueofmee&mﬂmmwmwvms&(andmmmwbljsha)humm:hluymmwt

::hgemnnbmofrendusmmﬂtﬁdndcmg:ﬂﬂa. - :

T s T Eﬁewnadvcmﬂngk‘plﬁdmﬂmhdsofhﬂummms.mnwmmmum

_.%,i.,mmm retailers - eic., and -particular intevests and. concerns sssociated with the local community .and -

: 1.;.WWGWMWMWBMSW3WMMM
Ancwspubhslmsmmkpsodmisadvmujng“spm a multi-dimensionad entity determined by
.rhmm:mmmkmoflammmmmmmmmmmmm
30 : hmewpagesymdumewﬂmﬁonmwmuﬂwmmm»dmﬂmoh
;_,p&mssql_eablemmm,m;,wmmm,m_mmnm;mcm
the section’s Feadership. the size. of rach reades’s section edition, each veader’s Mvestising peoportion, and each reader’s
,d_cmogm:hic. S = S LA :

_ _'u',,,,, mwmmmmmumemmmmwwummm
35 duziLmddlowssmallapxmofumbewldsmdy It therefore allows i to.be sold at closer to its tru value. -
cyionai - For example, the same advertising “slot” mbcsoldinvarymgpmpomonstoscvenl-dvcmmmth

tndimhulmdcrs pagesmndnnﬂymeiﬁnzlhcadvuusmofowadmuwmmothcr ovmllpmsuwngthc
propomonol‘spaccwldtoeam-dvuﬁser
Thmagcqmmﬁmdmﬁﬁngwhhnkoddueﬁywmmmfmmm

40 purdnsing K therefore raises the intrinsic value of the advertising space.

_ Because personalization -and localization are handled automatically by netpage publication servers, an
advemmg aggregator can provide arbitrarily broad coverage of both geography and demographics. The subsequent
disaggregation is efficient because it is automatic. This makes it more cost-effective for publishers to deal with advertising
aggregalors than to directly capture advertising. Even though the advertising sggregator is taking a proporion of
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advertising revenue, publishers may find the change profit-neniral because of the greater efficiency of aggregation. The
advertising aggregator acts a5 am inteymediary between adventisers and publishers, and may piace the same advertisement
in multiple publications.

It is worth noting that ad placement in a netpage publication can be more complex than ad placement i the
publication"s traditional counterpart, because the publication”s advertising space is more complex. While ignoring the full
complexitics of negotiations between adventisers, advertising aggregators snd publishers, the preferced form of the netpage
system provides some automated support for these negotiaions, including support for automated auctions of advertising
space: Automation is particularly desireble for the placernen of advenisements which generate small aounts of income,
such as small or highly localized advertisements.

“*‘OmﬂmhmbmmgMﬂwwmaﬁmummmmmmtmmkma
“netpage ad server. Comespondingly, the. publisher records the ad placement on the relevam netpage -publication server.
When the netpage publication server lays out cach user’s. personalized publication, it picks the relevant advertisements
from the netpage ad server.
23 USER PROFLES
231 Information Filtering

The personalization of news and other publications relies on an ‘assortment of user-specific profile
information, including:

-~

. - publication customizations

- - colisborative filtering vectors
. contact details

. pumnmion preferences

Tbewmmonohwumuonuwpiauywbhcammpeaﬁqmdmﬂwumuﬁmonm&mumu
mnnuinedbydnnlcvamneq:agepubﬁmonmct
dlﬁﬂ!{!ll—lliﬂ‘l hmmfwmcmpmofmkmgmﬂaﬁm Although'théfe sie benefits to maintaining a singlc
colizborative filteriag vector independently of any particular publication, there are twG rédscas why it is move practics! to

. maintsinaseparate vector for each publication: there is likely to be mots overlap bictween the vectors of subscribers to the

same publication than between those of subscribers to different publicarions: and ‘s péblication is likely to want o present
its users” eolhbonﬁveﬁhmgmasupmof!heulueoﬁuhmimmbefouﬂddswha&&ﬂabmwﬁleﬂng
vectors are thercfore also maintained by the relevant netpage publication server. | |

Cigna .Cmmdeuﬂahdudmgnmm.ddmwmcm statc.m(tnuy ldephoncmmbers.mglobdby
nature, and are maintained by a netpage registration server;:
MMMWMMWMMWMMMmMngW

,-.inlheumcway s BT I it R
. mloulmnmof-dvmﬁngnh&mmehaluymdminﬁnusu’i“mmls.whﬂememmdng
ofadvausingrcluonpumalinfmmaﬁonm&ndﬂcofbhd:,gendu nnnulmlnwmpmfmon.edunﬁon.or

. qualitative derivatives such as age range and income range. . " . SR L ‘

- Mmmmwmmmwp&mmmﬂml«m?mpm&mhfmmls
mamninedbyttnmlcvmnctpagemsu'anonm mﬂn:bsmmofmmfmmadvuuﬂngmbemgaedon
the basis of the demograpliic associated with the user’s ZIP or- ZIP+4 Code.

Each user, pen, printer, application provider and application is gned its own uniqae jdentifier, and the
netpage mgim:ﬁonmmahtﬁmdwmlaﬁomﬁpsbﬂwemﬂwn;assho@nhﬁgmxﬂ. 22, 23 and 24. For
Tegistration paoposes, a publisher is 2 special kind of application provider, and a publication is a special kind of
spplication.

~
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. Each user 800 may be authorized to usc sny number of printers 802, and each printer may allow any number
of users (0 usc it. Each user has & single default printer (at 66), to which pesiodical publications arc delivered by default,
whilst pages printed on demand are delivered to the printer through which the user is interacting. The server keeps track of
whichpublishasauscrhumhmizedtopﬁnttoﬂwuscr'sdefampt&am.Apublisherdosnotmrdﬂmmofmy
particular printer, but instead resolves the ID when it is required. :

. . When & user: subscribes 808 (o a publication 807, the publisher 806 (i.e. application provider 803) is
suthorized 1o print o a specified printer or the user’s default printer, This suthorization cin be revoked at any time by the
uses. Each user may have several pens 801, but 4 pen is specific to & single uscr. 1€ 4 user is suthorized to use a panicular
printer, then that printer recognizes any of the user's peas. '

. MpmmkmdmhwemWn&agmmﬁkmmdbyawmﬂammm
met.vutheDNSindleumalm

AW&MWM&M&MM.WWmm.MWebmm
netpage documents encountered during Web browsing to be conveniently printed on the nearest netpage printer.

The netpage system can collect, on behalf of & printer provider, fees and commissions on facome eamed
through publications printed on the provider”s printers. Such income can include advertising fees, click-through fecs, ¢-
commerce commissions, and transaction fees. If the printer is owned by the uscs, then the user is the printer provider.

Each user also has a netpage account 820 which is used to accumulate micro-debits and credits (such s those
describod in the preceding paragraph); comtact details 815, including: name, address and telephone numshers; global
preferences 816, including privacy, delivery and localization scttings; any number ‘of biometric records £17, containing
the user's encoded signature 818, fingerprint 819 etc; a handwriting mode] 819 sutomatically madntained by the system;
mdSETpaymmteudmumsnlwuhwhche-mmcmcpaymmumbcmdc
232 . Favoriteslist . 3

Amgemmmhmnahuma‘&mws'-lmhmmeﬁﬂmmmmewpagemmt

T The, lis is oaintaingd by the System on the’ usu’s,,mlf.li-orgmlma’ panitéd a6 A hicrarchy of folders 924, a prefefited
_.embodinﬁltofwﬁd:-istbwqhﬂwchsdiminﬁmﬂ.; : :

mmmummmwmwsmmhﬂsmmmmw

-ﬂwmmﬂnmenapagcm hnmbedandue-osdaudﬁu.amfmadembodimofwlﬂdusshownm-

dneclasstﬁagnmmﬁgmn.

24 bneu.m‘rl’muvwr
mebmmmwmmuulbhﬁmmemsniudlMspmhmdmbhwmma

WMSmmmmmmfomﬁme&ymmmdmm

: pagebefnletbeednomlcumm .- Pt o Ve

mﬁvuﬁmnﬁofmnwmmmhﬂﬂmmMydengmnMﬁwm
_wddundwmon.mddwadhymalgmmnnmplmmmagmhmkmﬁmmwmeo-locucdosdy
ueduhwmlandadvahﬂngoonm.mdnsﬂxangadsfwmﬁngmwiﬂwﬁuﬂywmmmewbhcmonbm
ofupomlfemoondo—ﬂ-wumlfmoﬁngtqm:s e Bl imed il e

mwwnﬂmmnhmdfm&nmmdmmwmmmgamdmkmmdwt

mmpomindudmglheselemonohdsmmesdecuonofednwdalconteu.m:stbelmmedoncc
thclaywhasmvageiwwwmcdoulyaduevelhcusu’sﬁa!edsewonsizepufamce.'lhesewcnsxzc
preference can, however, be matched on average over time, allowing significant day-to-day variations.
2.5 DocuMeNT FORMAT

Once the document is laid owt, it is encoded for efficient distribution and persistent storage on the netpage

%
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network.

The primary cfficiency mechanism is the separation of information specific 1o a single user's edition and
information shared between multiple users® editions. The specific information consists of the page layous, The shared
information consists of the objects to which the page layout refers, including images, graphics, and picoes of text,

A text object contains fully-formatted text represented in the Extensible Markup Language (XML) using the
Bxteusible Stylesheet Language (XSL). XSL provides precisc- control over text formanting independently of the region
into which the text is being set; which in this case is being provided by the Iayout. The text object contains embedded
language codes 10 cnable sutomatic transiation, and embedded hyphenation hints to aid with paragraph formatting.

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

The layout itseif consists of  series of placed-image and graphic objects, linked textflow objects through
which text objects flow, hyperlinks and inpat fields as described above, and watcrmark regions. These layout objects are
summarized in Table 3. The layout uses a compact format suitahle for efficient distribution and storage.

v

Table 3 - netpage layout objects

Layout Attribute Format of
object linked object
image Position - '
. mage object ID UPEG 2000
Graphic Posttion -
Graphic object ID SVG
Taxtflow Textiow 1D - " = T

av.dn

et umwmﬁwmdmmmmmemmmm-

Wmﬁcmlwkwmmwoﬁe&wuﬂﬁﬁm{m )
m.mwmmmummummmmww&ﬁmmm“mm

hdpofmcmqngcmmamammformﬁs&mehmdwmgmdommmm

L E mmepumuaofopnmmanofmemmdwnmanmammmehmdfmm

25

mbsenmdmenugsmhm-speaﬁclmtwimtbemmofthcmuluaﬂdnmﬂswhichwﬂlcmythcslmed
mmqtusedbyﬂmhymxtmmﬂwapmnmudlmslaywtstod:au;aspnnwrmthcappropnﬂepagc
server, and when the pointcasting is complete, molticasts the shared coniest on the specified channels. Afier receiving its
pointcast, each page server and printer subscribes to the multicast channels specified in'the page Yayouts. During the
multicasts, each page server and printes extracts from the multicast streams those objects referred to by its page layouts.
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The page servers persistently archive the received page layouts and shared comtent,

Once a printer has received all the objects to which its page Jayouts sefes, the printer re-creates the fully-
populated tayout and then rasterizes and prints it

Under normal dircumstances, the printer prints pages faster thax they can be delivesed. Assuming a quater of
each page is covered with images, the average page has a size of ess than 400KE. The printer can therefore hold in excess
of 100 such pages in its intemad 64MB memory, allowing for temporary buffers etc. The printer prints at a rate of one
page per second. This is equivalent to 400KB or about 3Mbit of page data per second. which is simiiar to the highest
expected rate of page data delivery over a broadband network. '

Even under sboormal circumstances, such' as when the printer runs out of paper, it is likely that the user will
be sble to replenish the paper supply before the printer’s 100-page internal storsge capaciy is exhausted.

However, if the peinter’s. internal memory docs fill up, then the printer will be unable to make use of &
multicast when it first occurs. The actpage publication server therefore sliows printers to submit requests for re-multicasts.
When a critical number of requests {s received or 4 timeout occurs, the server re-malticasts the corresponding shared
objects. "

Onoeadoammulxinted.amnmmmduumcmduphmumyﬁmbymﬁewngmmehm
and contents from the relevant page server.

27 On-DEMAND DOCUMENTS

When 3 netpage document is requested or demand, it can be personalized sod delivered in much the same
way as a periodical. Hom.ﬂmmmummmMmBMMywhmmmt
the use of multicast.

When & non-netpage document is requested on demand, it is not personalized, sod it is delivered viz a
dwganmgefwmmngmuhd:MomusancMm&Aﬁ&ﬁgehmumuupwﬂ
msm:ceonnczpagcpublmmnm Thenapagcfmnmﬁngmhuknowledgeofmimmdommt
- formats,-including Adobe’ s{’omblebocumt Format {PDF), and Hypertext Markup Language (HTML). ln‘lhe‘use of
mnmm:kcuseonhch:ghetresduumofﬂnpnmedpagcwprmWebminamlu-cdmfwmwuiu
ubhnfumuusiunmummumuﬁyﬁmhﬂciﬂ“hbpq;sdmuﬂyhﬂuﬂUnmenqusudumn1hcmurumumemu
behavior via & preference. 7

ﬂlencqngewmmtcsmdnﬂmebehm hdu&ngnnummym!mm
wﬂﬁkmmymwhmmmmmmsﬂwkmmhdgeof&ﬁmm
fmmmmmmmmmmm.mmmmawwmmwcb
seqvers. -

3 Secuarry o
341 CRYPTOGRAPHY S
B, W}ﬁwmmmmehfmmbothhmmmmgaﬂmmm

; LAY K e
.pamatoatrmsacuon.’lbacuctwochmofayﬁomhymwideswedw;gﬂ%eyayptogmpbyndpnbhokcy

crypwgnphy 'l‘lwnetpagenetworknssbothdassesofuypwpnphy S
Sectet-key ¢ ﬂmmﬁmdwusymmncamy.muumhymmumd

) _deaymammgaTmpﬁmﬁsbmgwemhmgcmugwmﬁmmmmﬂyadmgemcmm

Pubhc-kcyumwhy.dsomfmedmnasymmdﬂcuypwguphy mmmypuoukeys.'ﬂlclwo
kzysmmhcmmﬂymwammehawymmymemmedmgmhymom;bedoa'yptedusmgthe
other key. Oneofﬂmkcyslsmcnpub!tshed.wbxlcﬁuodlcrmkcptmvau.mwbhckeytsusedwcwypth
message intended for the holder of the privaie key. Onoccnaypwduangmepnlﬂickcy a message can only be decrypted
using the private key. Thus two parties can securely exchange messages without first baving to exchange a secret key. To
casure that the private key is secure, it is normal for the holder of the private key to gencraie the key pair.

iy
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Public-key cryptography can be used to create a digital signature. The holder of the private key can create a
h:nwnhgshofamsagcandthmencryptmchashudngmepﬁvmby.mwmmmm&m&nmwh@,
constimmdw“signame"oflheholderofthepivatekcywimmpectmmapaﬁaﬂarnmagcbydeuypﬁngm
cncrypted hash using the public key and verifying the hash against the message. If the signature is sppeaded 1o the
message, then the recipient of the message can verify both that the message is genuine and that it has not been altered in
transit. :

¢ - To make publickey cryplography work, there has 10 be a way 1o disuibate public keys which prevents

VWMkMydommmgmﬁmsmdmﬁw:mMmAmﬁmMuamwdm

pacty which suthenticates the connection between a public.key and someone’s identity, The certificate suthority verifies
.the person’s jdentity by, examining. identity documents, and then crestes and signs a digital certificate containing the
-person’s_idepity -details and public key. Anyone who trusts the cestificate suthority €an use the public key in the
centificate with a high degree of :certainty that i is geauine. They just have-to verify that the cestificate has indeed been
signod by the cenificate authority, whose public key is well-known. S

_ hmmwuoncnvimmems.wbhomwm’kmlymcdmmdmtﬂmnmmdw
securely exchenge secret session keys. Secret-key cryprography is used for all other purposes.

. - In the following discussion. when reference is made (o the secure transmission of information between a
netpage peinter and a scrver, what actually happens is that the printer obtains the server’s certificate, sutheaticates it with
reference to the certificate authority, uses the public key-exchange key in the centificate 10 exchange a secret session key
with the server, and then uses the secret session key to encrypt the message data. A session key, by definition, can have an
sebitrarily short lifetime.

32 NerpAGe PRINTER SECURITY

Mmcpmuzumgnedxpmofmimﬁmﬁﬁasuﬁmofmmwmhmnmedmw
Mymm&mdmhwmﬁmmmmm'l'heﬁmlbﬁis-pubhcmquuelyidcndﬁs

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

mmmmmmmmmmmmmmnmaﬁm

.. compares the.secret ID, agﬁnﬂ-dwgim's secret ID), recorded in its: database,: and -accepus the registration. if the IDs

,mda.ummmdm.mm«mm;mmmmmmm;mum

- certificate in e, registration database., -

mmemsamﬁmmmemnhumwm

. infumﬂmaﬂwmgit(ovmfymnwidmmy - Ty

Wbmammbsaibesmawwe&mamdhmmummmdam

- anthorizing the publishey to print the peblication to the user’s default printer or a specified pringer. Every docament sent

toapsinwrvhapagemkd&wﬂwnmaﬂummdkﬂmhyﬂwmbl@_gumdwwwﬂm’spﬂm

,‘Aﬁmmmm,mqmmﬁﬁ.ﬁqmqmpmﬁmjdmmmpﬂubakmlode.llmlhe

publication to the specified user. Mpqcﬁmvetvmﬁuﬂnssnm'eusngtbgpnbﬁﬂu'qwbkc key, obtained from the
o

chmﬁmmmmmmmmmmmmmm“wngs

wmmmmammwmmm Y
4_0;

Eachnapagcpemsuspwd:mﬁqucidcnﬂfmamdmufacunewhichnmudmrud-onlym

inthcpen_mdvmthcwpagcmgxsujauon_merdaubascﬂhepmmﬁl lmlqueiyndmnﬁesmepmonmcndpasc

A netpage pen can “know™ a number of netpage printers, and a printer can “know” a number of pens. A pen

o ¥
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communicates with a printer via 2 radio frequency sigmal 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 appropriate session key. Digital ink is never transmitted in the clear.

Apcnumuasmﬁonkeyfpreva'ypﬁnmilhwws.indcxcdbyplinmID.andaprimcrm:.mslonkcy

5 for every pen it knows, indexed by pen ID. Both have a large but finite storage capacity for session keys, and will forges »
session key on a least-recently-used basis if necessary,

When a pen comes within range of 2 printer, the pen and printer discover whether they know each other. If
they don’t know each othes, then the printer determines whether it is supposed to know the pen. This might be, for
example, because the pen belongs to 2 user who is registered to nse the printer. If the printer is meant to know the pen but

10  doesn't, dwen it initiates the sntomatic pen registration procedure. I the printer isn’t meant to know the pen, then it agrees
with the pen to ignore it untl the'pen is placed in & charging cup, af which fime it initiates thé régistration proocdure.

In addition to its public ID, the pen ‘contains ‘a secret key-exchange key. The key-exchange key is slso
recorded in the netpage registration server database st time of manufacture. During registration, the pen transwits its pen
TD to the printer, and the printer transmits the pen ID to the netpage registration server. The server genciltes a session key

15 for the printer and pen to use, and securely transmits the session key to the printer. It also transmits a copy of the session
key encrypted with the pen's key-exchange key. The printer stores the session key intemally, indexed by the pen ID, and
wransmits the encrypled session key to the pen. The pen stores the session key internally, indexed by the printer ID.

Althoughafakepcncmimpcmomtenpcnmmepenugmonmooohonlyaralpmandectyptme
session key transmitted by the printer.

20 When a previously anregistered pen is firss registered, it is of Jimited use until it is linked to & user. A

gnstemdbm‘ﬁm-owned”pmuontyallowedtobeusedlomqmmﬁuinnetpagcuserandpenmgmrmonﬁonm.to
register a new user to which the new pen is zutomatically tinked, or to add a new pen to an existing user. ST
mmmmhymhuﬂmww&bymypumbmofhudmpwfmmmhumdn
T PRILE . ot e e e Rt e sl L e
25 3.4 SECURE DOCUMENTS
EET mmmwmmofm&MMuummme
3 - printer includes a facility to print watermarks, but will only & o on régacst from publishers who fre suitably authorized.
The publisher indicates its suthority to print watermarks in its cértificdte, which the printer is able 1o suthendeate.
The “watermark” printing process uscs an alternative dither inatrix in specified “watennark™ regions of the
230 page. Back-t0-back pages contain mirror-image watermark regions which coincide whea printed. The dither matrices used
in odd and even pages’ wﬁmkmgmnsﬂedmgmd&mduccminﬁufameﬂcﬁwtmﬁcmgmmmwcwed
together, achieved by looking throisgh the printed sheet. - o
¢ Meﬁeaknmlnbauwrwkinﬂuhismﬂsiblemhohngnoﬂymﬁdeofthepage,md:s
mmumuwwmm : Bt
ﬂﬁ35 R Physofuwutdmmnwmsqmwmheoqﬁahuﬁg&nbdmﬁnnummsqxwtnuhuunndawﬁhﬁJnSunmn
3 A IDtbOV&T!uscxtcndswwpymgndpagﬁoan)age-mphotowpius. ’ o

Secure documents are typically generated as part of ¢-Commeroé transactions. 'I‘hcyi:andmuﬁmmludcmc
user’sphologmphwhidlwumphnodwhenlhemcrmgmmmomwicinfmmwnhlhcnetpageregnstnnonmcr.
as described in Section 2. S :

40 When presented with & secure netpage document, the fecipical can verlfy its ‘authediticity by requesting its
stalus in the usual way. The migue 1D of a secure documerit is only valid for the lifctime of the document, and secure
docuocnt IDs are allocated non-contiguously o prevent their prediction by opportunistic forgers. A secure document
verification. pen can be developed with buift-in feedback on verification failure, to support easy point-of-presentation
document verification.
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Clearly neither the watermark nor the user’s photograph are securc in 2 cryptographic sease. They simply
provide a siguificant obstacle to casual forgery. Online document verification, paticularly using a verification pen,
provides an added level of security where it is needed, but is still nol entirely immune 1o forgeries.

3.5 NON-REPUDIATION

In the netpage system, forms subrmitted by users are delivered reliably to forms handlers and are persistently
archived on netpage page servers. It is thesefore itnpossible for recipients 10 repudiate delivery.

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

to repudiate,
4 ELECTRONIC COMMERCE MODEL ~
41 Secure ELECTRONC TRANSACTION (SET)

The netpage system uses the Scctire Blectronic Transaction (SET) system #s ohe of its payment systems. SET,
having been developed by MasterCind and Visa, s organized sround payment cards, sid this is veflected in the
terminology. However, much of the system Is iadcpendent of the type of docounts being used. *

In SET; cardholders and ‘merchéits register with a ocrtificate suthority and are jesued 'with certificates
containing their public signature keys. The certifioate authority verifies a candholder’s Tegistration details with the card
issuer as appropriate, and verifies a merchant’s registration details with the scquirer as appropriate. Cadholders and
merchants store their yespective private signature keys securely on their computers. During the payment process, these
certificaics are used to matually suthenticate a mherchent and cardholder, and 1o suthenticate them both to the payment

SET has not yet been adopted widely, partly because cardholder maintenance of keys and certificates is
oons:duedbmdensom.lntmmsdunomwludlmnlamwdlmldakcysuﬂmﬁmonammdgiveme
wﬂnldammnmwdmmmm '

42 SETPAvueNts - '

T LT i (R TRAPAEE SYHERY "hw—sﬁarﬁ&‘n fﬁoﬁfmﬁw (e the ﬁrdlnldcr)'
25

in SET payment transactions.
mwmu&w&ﬂawmhmmmmmmammm
mmmuhmwkuwsmmmmm; Mﬁmvvﬁngmwﬁmmdmh
-'ﬁn;upimbiomuicmnkobcuedEyd&znhgaﬁn:apﬂmmm:bepen.m:nmmmwpcof
bnommcMoMymmcmMmehmnwdemmofmem s
mﬂmmmh&gﬁhwmmmkwmﬂwwsmmum
registration server, mnmuimmmmeammuammuwa

: MmmuuwsMkaMcmeuﬂhﬁemmmmw

~mwsmmwsm3‘mmmeﬂmmmmmmm

'-=mgkmonmmiswmpfmd.md’&cmdmg7pnmdgmnmkcymdmﬁmmmadinil:uedambese.'l‘he
wsmmwummuﬁmmmmwmmemuam

SRR

user spmxyinmySETpaymeuuMon.
When the user eventually supplies the biometric to complete apaynem. méit, for exariiple”

- Ammmmmymﬂummmmmmmm """" tri )
mgumﬁonmmmvmﬁesﬁnblomﬂcﬁthresped'tbdwm:dmﬁﬁndbymi'i&i‘m andﬁomrl-mon

msasmeusu’spmxy!ncomplaingmcsmpaymtumnon.
4.3 MicRO-PAYMENTS -

The netpage system includes a mechanism for micro-payments, o allow the tiser to be conveniently charged
fot prioting low-cost documents ondemnind and for copying copyright documents, and possibly #lso to allow the user to
be reimbursed for expenses incurred in printing advertising material. The latter depends on the Jevel of subsidy already
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provided to the user.
When the user registers for e-commmerce, a network account is established which aggregales micro-payments.

mmxwdmanacmmonamgujarbasis,amicanwulcanyoumundingdebitbﬂmuﬁngmemw
mechanism-
~ The network account can be extended ‘to aggregate, subscription fees for periodicals, which would also
otherwise be presented 1o the user in the form of individual statements.
44 THRANSACTIONS
V mammamemammmhmmmmmkmwwnm
specific transaction ID 55 in the page. Subsequent input through the. page is tagged with the transaction ID, and the
spplication is thereby able 10 establish an appropriate context for the, uscr’s inpot.
When input occurs through = page which is not usersspecific, however, the application. must use the user's
mmMuanmAMWWMMMaWMme
msmd"umhswt" To protect the user's privacy, however, the unique user ID 60 known to the netpage system

. is nog divelged to applications. This is to prevent differcat application providers from easily correlatiflg independently

‘accumulated behavioral data. :
mwnmmmmwmmmmmmwmammdm

'appl-iwionviaaumqucahasll)ﬁs.asshownmﬁgmtu Whenever the user activates & hyperlink tagged with the

“registered” attribute, the nctpage page server asks the neipage registration server to translate the associated spplication
ID 64, 1ogether with the pea ID 61, into an alias ID 65. The alias 1D is then submitted to the hyperlink’s application.
“The application maintains state information indexed by alias TD, and is sble 1o retrieve user-specific state
infommwmmmwledgeofdwglobalidenuryofmzm e :
ﬂwqﬂemdwmnmmmmdepmdmmﬁmgmdphmmbyfau&ofausa’s
awhmmmdhwilwmwmmemmMofﬂnmmmchim

spplication on behalf of the user for sny number of product types.
MMBWM@WM&,M&WMnmmW&

T m-pphm@m 10 allow it 0 czedit nd debit the provider for click-theough fees etc.

mwmmmuapmammmmmmmws

- ﬂhmwmmmmwmwmumnshwmofnﬂm

45 . RESOURCE DESCIUPTIONS AND CORYRIGHT o
Ammﬁammmmkaﬁmm ,
Mmﬂmmmkmwmammmulm

‘ ;'_mmmmmmmmmwumuwmmmofmm

:—:fm fromusunonglnsholdmvﬂ\wmpﬁmwpyﬁgmm

khn&nnmadu;confmwthc\voﬂq: de Web Comsorti 'mmmmmmmbn .
Am@dmmywnmmm,mmemmmmﬂymﬂmdm

N

5 . Comuacanions PROTOCOLS . . ,
_ Ammm]&ﬁnﬁmmmdmmmhﬂtmm

' ,j'mﬁuumdaspm.;xinmwdmmhuamof&ﬁnedmmkwmvﬂyhmﬂemmm

4

the neipage system. ey
Eadlyﬂmduﬂuﬁﬂedbywayofammdagmmhwhchthehomﬂld:mﬁmkuwdw

_muumsagcﬂowmdmcvemuldmmsxonuusedmnptmlumEadlqmw:srewcdbynmnslc

eontaiuingdnenamcofthceulityandavaﬁdl columm representing the lifeline of the entity. During the time an entity -

exists, the lifeline is shown es a dashed line. During the time an catity is active, the lifcline is shown es a double line.
2
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Because the protocols considered here do not create or destroy entities, lifelines are generally cut short as soon as an
entity ccascs 1o participate in a prowcol.
5.1 SUBSCRIFTION DELIVERY PROTOCOL

A preferred embodiment of 2 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
differently, but many users' editions will share common content such as text objects and image objects. The subscription
delivery protocol therefore delivers document suummmindiﬁduﬂwinmﬁapomm.wdelimslmmdwnwm
objects via multicast. : : .

mmumacmm)mm-mms: for each document from an 1D server 12. It
then sends each docament structure, including jts document ID and page descriptions, to the page server 10 responsible
for the document's newly allocated ID. It includes its own application ID 64, the subscriber’s alias ID 65, and the relevant
set of multicast channel names. It signs the message using its private signature key,

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

‘The application’s certificate allows the page server 1o verify the message signature. The page server’s request
1o the registration server fails if the application ID and alias ID don't together identify a subscription 808.

The page server then allocates document and page instance IDs and forwands the page descriptions, including
page IDs 50, to the printer. It includes the relevant set of molticast channel names for the printer to listen to.

1t then returns the newly allocated page 1Ds to the application for future reference.

Once the application has distributed all of the docwment structures to the subscribers’ selected printers via the
relcvant page scrvers, it multicasts the various subsets,of the shared objects on the previcusly selected multicast channels.
Both page servers and printers monitor the appropriate multicast channels and receive their required content objects. They
,mﬂmnblc_m_poptﬂmmmviously pointcast . document -structures.. This- allows-the-page-scrvers 1o add complete
mwmambmmnmmmcmmwpmmm

AmmmmdahyMMﬁmm“mhﬁmﬁ

Mmamd&smamgem:memﬁemmmmﬂwdﬂmmemm
printer 601, mchiﬁmdﬁsmepagemaloanononthemc mmwmmmm of the pen from
the pen connection protocol.

Tbcptintcrdcwuim.viuthNS thendwkaddrmofmepsgemlmwinﬂhcmaﬂnpage
lDSD.‘l‘he%mjl;gdy_bcmiumif_;hemhs,rwmdymuedmﬂ\ﬁomm'l‘hcprinmlhm

. forwards the pen ID, lummmﬁz.mcpagem'uﬂdickbmﬁmwthcpagem

mPagemuhadsdnmedwuipnmﬁdmﬂﬁdbyﬂwmgemmddemmdm;
zmSS dmy,&cchckhsin.hsmmmgﬂnﬂemmehnmtisahypuﬁnkdmm the page server then
mmwwmummmﬂ tnddﬂmmﬁnﬂwDNS’lhewwmtnddmsoﬁhc
application server hosting the application 71. . :

mmmmﬁcmmﬁlmobmmemomgmmmﬁom&eupmonmu
and then allacates & giobally unique hyperlink request ID 52;and builds a hyperlink request 934: The hyperlink request
class diagram is shown in Figurc 44. The hyperlink request records the IDs of themquemg user and printer, sad
identiﬁsllwi:l‘mkedhypalinlcinstsnce862.Thcpagemuﬂwnscndsiumsmerm'ss.Mhypaimkmquest!D.
and the Jink ID to the application. :

The application produces a response document according to apphcanon-spcaﬁc logic, and obtains a
document ID 51 from an 1D server 12. It then sends she documem o the page server 10b responsible for the document’s

A ) T
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newty atlocated ID, together with the requesting page server's ID and the hyperlink request ID.

The second page server sends the hyperlink request 1D and application ID to the first page setver to obtain the
corresponding user 1D and printer 1D 62. The first page server rejects the request if the hyperlink request has expired or is
for a different application.

5 The second page server allocates document instance and page IDs 50, returns the newly allocated page IDs to

_the application, adds the complete document to its own database, and finally sends the page descriptions o the requesting

Thehypulinkinshncemyindudcamingﬁﬂmswﬁonmﬁ in which case the first page server

. hdudesﬂwumuminnwwagemmthupplmdon 'lh:sallomlbcapphmontocsubhshamsactm
10 specific context for the hypestink activation. -

If the hyperdink requires s user alias, i.c. its “alias. required™ stibute is set, then the first page server sends
both the pen 1D 61 and the hyperlink's spplication TD:64 to the registration segver 11 to obtsin not just the user 1D
mmﬁuwﬁnmﬂ)hua!mﬂ:ﬂiabﬁmmﬁmhdamﬁaﬁmfbmdﬂkmmltimtudesthc
alusn)inthemwgcmmlheappbmﬁon.ﬂhwingm:pphmonmwﬂishama-spmﬁcmmnfmum

15  hypalink activation. .
63 = HANDWRIMNG RECOGNMON PROTOCOL: _

When a user draws a stroke on & netpage with a netpage pen, the pen communicates the stroke to the nearest
netpage printer. The stroke identifies the page and a path on the page. -

The printer forwards the pen ID 61, icsmpmwrmsz.unememsomdmkepammnwpagem

20  10in the usual way.
- The page server loads the page description 5 identified by the page ID and determines which input clement’s
zoncss.ihny memokeinwmmgthczdminpuulmﬂuamﬁeﬂm llwpasemcrappen&ﬂ:c
. stroke to the text fiekd’s digital ink. S PR

e

i e Mowawinmmmmmpwgem“—w* 5 the pen 1D s the pending

LA SRS PR SAE

25 mcksmmempmmllfwmmmwmwﬁuﬁnmwubmm
Mummew:mmﬂndhmdmmgmﬂmmmwawmshﬁwﬁmmmwnhmmm
mmwmmmmmhwmumﬂpmmmmmﬂwmm
-+ the text value of the text field. Lo ‘ :-r-f-‘-‘-

30 Asmdngd:einpmelmwhoscmﬂnmkzinmisuimeﬁddm the page server 10
. -#ppends the swoke 1o the signature ficld's digital ok S LS
e - Aﬁdlpawdofinmﬁwmmcmofmedmﬁéﬂ.mewmwndsdnpmmélmdm

_ pmﬁngwokummemmnmmllfwmndmaéﬂﬁﬁﬁmm“uwdnﬁﬂmwrm

'_"fft ..-‘of;wchdxnynmﬁddupmaswdlasdwtommﬁandthe‘mimnduamurﬁwfommrmm

- 35.. midmnﬁﬁ&emmmpondmgwﬂwpm.mdmtheusu’ dymmidsigmmetiomicslétowﬂfyme
- strokes as the user’s signature. Om:lhuvﬂiﬁd&tﬁmﬁﬁ?eﬁmﬁmmmdxmhmmmam
mmwwldmfyﬂwusasapphaumpedﬁcmmsigmmwhthcausest!ukeytogmerﬂendmw-
Wof&tmdﬂ@mﬂuﬁmwmmemqﬁiﬁngmmmmmmmm
d:gntdngnatmewdwdgmmﬁddmdmsdmmodmdfmmsmﬁsmﬁm

40 | Mdgimlsignmmmcludcsnwahuﬂ)ﬁofdmmpoﬁdmgm Tlust.llowsasmgleformwﬂpm
- nuldple useis® signatures.
55 FORM SUBMISSION PROTOCOL

A preferred embodiment of & form submission protocol is shown in Figuré 46,
membmiss_ionoonm via a form hypertink activation. It thus follows the protocol defined in Section 52,

o Y
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with some form-specific additions.

In the case of a form hypedink, the hyperlink activation message sent by the page server 10 to the application
71 also contains the forma ID 56 and the current data content of the form. If the. form contains sy signature fields. then the
application verifics cach onc by extracting the alias I 65 associated with the comesponding digital signawre and

5  obtaining the comresponding certificate from the registration server 11.

5.6 COMMISSION PAYMENT PROTOCOL

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

In an e-commerce enviroameat; foes*and commissions may be paysble from any application provider to
.mmmdﬁmummmmcommfmmdwmmmmmﬁmmymu

10 : paylblc&omﬂlequﬁshu'wﬂwpmviderofﬂwpdnm . :

: mhypalmkmqwumnuuudmmunfeewmmnﬂsdmmdnﬁomﬂwmmﬁuﬂmpmm
. ‘70a(e.s.memhm)toﬂle“mlpplicﬂimpmvidﬂ7%(i.e.publls!u),md&omﬂwmq:pbeﬁmmﬁdu?ﬂbm

. the printer provider72.
mmmmMathmuummmmmmlomﬁwum
~15  activated, as described in Section 5.2. When the target application needs to credit the source spplication provider, it sends
© the application providet credit to the original page scrver together with the hyperlink request D, The page server uses the
hypedlink reguest ID:to ideatify the source spplication, and seuds the credit on to the rélevant registration server 1t
- together with the souice application ID 64, its own server ID 53, and the hypertink request 1D, ‘The registration server

" credits the comesponding application provider's account 827. It also notifics the application provider.

20 - If the application provider needs to credit the printer provides, it sends the printer provider credit to the
" original page server togethe with the hyperlink request ID. The page derver uses the hyperlink request ID to identify the
°- piinter, mdmdsﬁeaeﬁtmm&w:ﬂemmﬂnﬁ&fmwmvdmdwmm “The registration server
.+ credits the comesponding printer provider accomt 814,

ST T T Sunts SppheRion rovider- it mmmmmmmfﬂmwm—mw wnd
' 25 ummammuammmmm - o
RN TE RS T stmmm A o
-6-1 e mm. . LRI TR '._\.. 4 -,
D -~ Referring 16 Figires 8 snd 9, the pen, gencrally designated by reference numeral 101; indudmhonmgm
hmm«ammmmlmmum«mlmmmmmwm
30 pmmplosumopammummumem:os«memlm.Ammmmmnm
-—-.s.mmeoppositmmmos«bfaemlmmm1muﬁm¢mupmmummmm
mtwhmwmummwum«mmmﬁmmmloz.‘rhecom

B em ndmhduduamﬂnpdfﬂlwwﬁchwymmd{dneudIOSoﬁhemlOZi:dlpwjecﬁngporﬁonllO

' esmmwhichpmjmhchﬁomﬂlemﬁnmlwandﬁw thin 'rﬁmmmmmfmmahwmns 103 of the
. 35 - bousing 102+'A'tadiolsntsana’ 112 is mounted behind tie Firojecting portion 310 withini thi Bonsing 1025Scréw tireads
iy o 113 suitrounding &' spestitie- 1134 o the?cover 107 -wré"srranged o receivé s ‘mietal endplwe 184, including

AL, i.;e:—conupondingmwﬂnudslls mmdmdmwcll4krmovabhmmaMcmkmﬁg¢';i-t' Cérmént.

. 405 - mmwwmu-mmmxmuumm-mﬂngmmmmmmus
: mﬂ:m‘blliimdastﬁus.lzt_)mdnstymsm'bnlmmoumodngebyﬂdcmﬂnn_mchu;ﬁngl&ﬁthumcink

- cartridge nib 119 or.the stylus nib 121 can b bronght forward through open end 122 of the inctal end piece 114, by
fotation of the pen top 105. Respective slider blocks 123 arnid 124 are mounted to the ink cartsidge 118 and stylus 120,
respectively. A Totatable cam barrel 125 is secured to the pen top 105 in operation and arranged to rotate therewith, The

e
:3‘
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cam barrel 125 includes a cam 126 in the form of & slot within the walls 181 of the cam batrel. Cam followers 127 and
128 projecting from slider blocks 123 and 124 fit within the cam slot 126. On rotation of the cam barrel 125, the slider
blocks 123 or 124 move relative to each other 1o project efther the pen nib 119 of stylus nib 121 owt through the hole 122
in the metal ead picce 114. The pen 101 has three states of operation. By turning the top 105 through 90° steps, the three

5 stasesare:
. Stylus 120 nib 121 out;
. Ink cartridge 118 nib 119 cut; and
. Neither.ink cartridge 118 aib 119 out nor stylus l:wm'bnlm

o A second flex PCB 129, kmmdmmdmoﬁsdmﬂalwﬂﬁd)nummmmulnm
10 mondﬂexrcnlmmmwmlslfmmmmﬁmmmmmmmmmm
wmlnumwmwmmmmmmfammmmmmm'me
-~ second fiex PCB. 129 also mounts a radio frequency chip 133, which includes an RF traniswiitter and RF receiver, and &
controller chip 134 for controlling operation of the pen 101. An optics block 135 (formed from moulded clear plastics)
st within the cover. 107 and projects an infrared beam onto the surface sad receives images:onto the image sensor 132.
15 . Power supply wires 136 connect the components on the second flex PCB 129 io battery contacts 137 which are mounted
. within the cam barred 125. A terminal 138 connects to the battery coutacts 137 and the cam bamel 125. A three volt
rechargeable battery 139 sits within the cam barrel 125 in contact with the battery contacts. An induction charging coil
140 is mounted about the second flex PCB 129 to enable recharging of the battery 139 viz induction. The second flex
PCB 129.al50 mounts an infrarcd LED 143 and infrazed photodiode 344 for detecting displacement in the cam barre! 125
20 : when either the stylus 120 or the ink cartridge 118 is used for writing, in order to ensble a determination of the force
. being applied to the surface by the pen nib 119 or stytus nib 121. ’I‘helRpho(odiode,-l“dﬂqulightﬁomthelRLED
- lﬂmreﬂeﬂmsmmmm)mmmdmthesﬂdublockslzsmulrg I 1 2 T
Rnbber;ﬁppadsulmdulmpmvidodwmmemdlﬂBoflhebouslnngZloudstmppmgmepm
i «——lol‘-lndmloswm:thp’uz forehppingﬂ!epurlol—tﬂwdu e
25 62 PEN CONTROLLER . e e
Mpenlonsman@dtodaamlheposiuonoﬁuuib(uylﬁlﬁblZl-'w;ﬁkmmdgem'blw)by
mhmmmmmammmumaumamummmm
.wmh&mkmwmmediﬂmeddwﬂblzlonll9ﬁumd\e.lowimubmﬂmgopua
e lSSmdconn'ollqdlip mmmmuudnpmmwmmmofummqmmmm
30 . -lhopuspeoﬁwdﬁutlonobsawdouﬁwimgedug.

,fwmﬁwmmfwemammm)mmmmqm P S
}A’hegjjupmisinrangeofntecciw dnmmm“nmm»uummmmlm

uwfmmpho;odmdelu T TR e

4 mmmu«empmmcmdaamuhngmm anmmmuu»exchmgcofdm
' between componcixs of the controller chip 134. Flash memory 147 and a 512 KB DRAM :148 are also included. An
analog-to-digital converter 149 is aranged 10 coavert the analog signal from the force sensor photodiode 144 to a digital

An image sensor-interface 152 interfaces with the image sensor 132. A transceiver controfler 153 and base

\\,*__ 'ﬁ‘
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band circuit 154 are also included to interface with the RF chip 133 which includes an RF circuit 155 and RF resonators
and inductors 156 connected to the antenna 112.
'IheconlmllingmmoruScaptummddeoodulomﬁondauﬁomlagsﬁomdnwfaocviameimge
sensor 132, monitors the force sensor photodiods 144, controls the LEDs 116, 131 and 143, and handles shont-range radio
communication via the radio transceiver £53. It is @ medivm-performance (~40MHz) general-purpose RISC processor,
The processor 145, digital transceiver components (trinscciva controller 153 and baseband circuit 154),
image sensor interface 152, flash memory 147 snd S12KB DRAM 148 are integrated in a single controlter ASIC. Analog
RF components (RF circuit 155 and RF resonators and inductors 156) are provided in the scparate RF chip.
Thcilmgescnsorisaﬂsmspim&n(mduscnsorispmduoedbyMnmshqulectroanorpmm\.
and is described in 2 paper by Itakura, K T Nobusada, N Okusenya, R Nagayoshi, and M Ozaki, “A 1mm 50k-Pixe) IT
CCD Image Sensor for Ministure Camera System”, IBEE Transactions on Electronic Devices, Volt 47, number 1, January

2000, which is incorporated herein by reference) with an IR filtes.

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

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

lnandmnivcenbodimamﬂaepeniwmpomumln&ared_DmAssociaﬂon (IrDA) interface for short-
yange communication with a base station or netpage printer,

In a further embodiment, the pen 101 includes & pair of orthogonal accelerometers mounted in the pormal
plane of the pen 101 axis. The sccelerometers 190 are shown in Figures 9 and 10 in ghost-ouiline.

The provision of the accelerometers ensbles this embodiment of the pen 101 to sease motion without

- .Mm,wmfulocﬁmugg.moﬁngmmugswbemled a:l@w.me. Each location tag ID can then
- jdentify an object of interest rather than a position on the surface. For example, if the object is a user interface input

elm(c.g.noommmdumnn).mmemgmofud\lomonm;wl:hinﬂ:mofduiumxelmmmdmdy
identify the input element.

Themodmﬂmmedbymemluomﬂ:mudmfﬂwxadydMWBhugmedmmmpeum
ﬁmcwwod:wcmh:mmwdochymdposhion.

Since the stanting position of the stroke is not known, only relative positions within a stroke are calculated.
MM@WWWMbMMWWWEMaH@WM&M
mduacﬁmedmnononmte.mwhidammmlm,ism o
7. NETPAGE PRINTER DESCAIPTION
71 PRINTER MECHANCS _

"7 “The vertically-mounted nespage: wallprinié 601 is shown fully asserabled in Figures 11 and 12. As best
shownmﬁgtmcslz 12a end 68, umntsnetpaguonMsuedmoduumgdupkmd&&"Mcmjﬁ pmtengmsm
and603.ltusesamﬁgmpapaPﬁmmﬁwpapaw&punngﬂumghdupluedpnmengmstMGmmdlpnm
bothddﬁofaslwets:muhmmy inﬁdloolormd Mﬂxﬁdlbloed Amuh-DSPmstcrmgepomsor(Rl‘P)nstm
pages (o internal memory, andapanofmompﬁnlcuginemnuoﬂmexpmd,d:mermdmmpageimgcsmmc
duplexed printheads in real time.

An intégral binding asserobly 605 applies a strip of glue along one edge of each printed sheet, aflowing it to
adhere 1o the previous sheet when pressed against it. This creates & final boind document 618 which can range in
thickness from one sheel to several hundred sheets. The binding assembly. will be considered in close detall below with -
particular reference 1o Figures 62, 63 and 64.
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Refeming to Figures 11, 12, 122, 13 and 53 10 58, the wallprinter 601 cousists of a main chassis 606, which
accommodates all major components and asserublies. As best shown in Figure 58, it has a pivoting media tray 607 on the
front upper portion, which is covered by a front molding 608 and handle molding 609. The from molding 608, handlc
mokding 609 and lowes front molding 610 can vary in color, texture and finish to make the product more appealing to
consumers. They simply clip onto the front of the wallprinter 601.

Figures 59 and 60 show the wallprinter electrical system in isolation. A flcxible printed circuit board (flex
PCR) 611 runs from the media tray 607 to the main PCB 612. It includes four different color LEDs 613, 614, 615 and 616
and a push button 617, The LEDs show through the front molding and indicate "on” 613, *ink out® 614, “paper out™ 615,
and "emor” 616. The push button 637 elicits printed “help” in e form of usage instructions, printer and consumable
status information, sd a directory of resources on the netpage network.

Printed, bound documents 618 exit through the base of the waliprimer 601 mtoadm.pisuc.ramvab]e
collection tray 619, This is discussed in greajer detail below with specific reference to Figure 64.

The wallprinter 601 is powered by an internal 110V/220V power supply 620 and bas & metal mounting plate
621 that is socured 10 a wall o stable vertical surface by four serews. Plunged keybole slot details 622 jn the metal plate
621 allow for four spigots mounted on the rear of the printer to hook onto the plate. The wallprintcr 601 is prevented from
banghﬂedoﬁbyamwmnloausmcdamsmoidmgwﬁtothcplac&latonepos:uonbchindthemd:atrayﬁl)‘f

Referring to Figures 53, 65 and 66, the side of the waliprinter 601 includes a modole bay 624 which
accommodales a petwork interface module 625 which allows the printer to be connected to the netpage network and 0 a
iou]oommo:mk.ﬂvclmfmmdlﬂcmmbesclecwdmdmmlledmthefacmrymindnﬁddmmndc
themwfmreqmredbyﬂnuscr mnlodulﬁmylnvecomonconnmoropumamh:s IEER 1394 (Firewire)
connedlion, standard Centronics printer port connection or a combined USB2 6‘9mdBmemel 650 connection. This
ﬂlm&mmmwmm&nmnpmuﬁo!wammwmmnuamkm Fgure. 66 shows the
explodedmmblyoflhcmodulem mmmmm (mmgoummeagcm)pmgsduewymm

'mdnnedmpbymohmolmﬁsz.l-‘mgetrw&ﬁﬁﬁoneidntsideofdumdxnemallwﬁxmymuﬂ
msataouonemnvd
mmgmﬁgmss.memrcnsxzumd:edmmeuofwmmmmmmm
through the chassis molding 606 to the inicrface module 625. The PCB 612 also carics the necessary pevipheral
elewonicslolheMcm;et“‘pmt!wads?os This inchudes a main CPU with two 32MB DRAMs, flash memory, [EEE
1394 intesface chip, six motor controtlers, mmmwmmwduhmwgemmmpow
magmmmmanmmuﬂaQAmp .
ﬁmssmmeﬁmhmhmwunpawemmdmemkmm Rafmmg:oﬁgmm
papermisplanedimonhingedlopmw?mdmunddownmtonpnmgphwn“ﬁ.mm@m“mwﬂw
chassis 606 via hinges 700, Each hinge has a base, lbmgkvamdahmgen&.h@;qp,q;,gg;udeMam
607 cogage the v s side suchtha the paperfmedia ey GO rotaesin  manoe hatayoids Kiking he sapply boscs

_ ThepapaﬁﬂhspomuonedundemdgcgmdaGGTbeforcbemgdomdmdnmmmncaﬁymgiMedmone
ndcofthctrayﬁﬁ?bymionofamlsmngpmm AnmkcarmdgeGZToonneas!nw,lPim.Bmkwmeaor
mlm&smamofsclfsealm;conneaonm Thceonneclors 629m:mit ink.nrnndgluemmcnscpamtc
locnuons.'lhemkconneumnnldmgG?.S conmnsascnsor.udﬁchdcwasaQAchspon d:e;nkwmdgemdvenﬁes
identification prior to printing. When the front hatch is sensed closed, a refease mechanism allows the sprung platen 666
10 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
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cartridge 627 also contains a micro air filter 636 in a basc molding 637. As shown in Figure 13, the micro air filler 636
interfaces with an air pump 638 inside the printer via a hose 639. This provides filiered air 1o the printheads 705 10
prevent ingress of micro particles into the Memjet™ printheads 705 which may clog the nozzles. By incorporating the air
filier 636 within the cartridge 627, the operational life of the filter is effectively linked to the life of the cartridge. This
ensures that the filter is replaced together with the caatridge rather than relying on the user 10 clean or replace the filter at
the required intervals. Furtherinore, the adhesive and infrared ink are replenished together with the visible inks and air
filter therehy reducing how frequently the printer operation is interrupted because of the depletion of a consumsble

The cartridge 627 has a thin wall casing 640. The ink bladders 631 to 635 and fixitive bladder 644 are
suspended within the casing by a pin 645 which hooks the cartridge together. The single glue” bladder 630. is
mnmodﬂedinbebasemoldmgﬁﬂ.msunﬁallyrecyclablepmdumvdduapadtyforwindngmdshingm
pages (1500 sheets).

Referring to Figures 12,122, 59, 60 and 68, the motarized media pick-up roller assembly 626 pushes the top
sheetduwﬂyﬁummemedummpaﬂamusm(nﬂthown)onﬁwﬁmmmmmmﬂwdw
Memjet™ printhead assembly.

~ Two Memjet™ print engines 602 and 603 are mounted in an opposing in-line sequential configuration along
mewﬂslﬂpapﬂpﬂth-mpapumisammmodwﬁ:nmmmmmbymmpowedpckmwnmm
‘The position and size of the paper 604 is sensed and full bleed printing commences.

Fixative is printed simultancously to aid drying in the shortest possible time.

Aslmtshownmﬁglmlh&wﬂmmtmmmmmmmlmwymm&blmm
pmmm.mmgmmmmma printheads 705 when not in use. It uncaps and rotates to
produce an imegrabhloser, which is used for sbsorbing ink fired from the printheads 705 during rouitine prifter slariip
mainienance. It simultancously moves ani intermal capping dévice inside the Memjet™ printhead 705 that sllows air to

WMMWMWMMMMWMhMaWMWMMM
suppmtsoneudcom:eﬂnaﬁo‘idlmngmnnng.

:. The paper exits the first Memjet™ print engine 602 through a set of powered exit spike wheels (aligned along
the straight paper path), which'scts'against a mubberized roller. These spike wheels coritact the ‘wet prinied surface and
continuc to feed the sheet 604 into the second Memjet™ print engine 603.

This sccond print engine 603 is mounted the opposite way up 10 the first in onder to print the underside of the

As shown in Figures-12; 124, 13, 62 and 63, the paper 604 passes from the duplexed print engines 602 and
603, jnto the binder assembly 605. The prifitcd page passés betweeri & powered spikie wheel axle 670 with a fibrous
suppont roller and apother movable axle with spike wheels and 2 momentary adicn glue wheel 673. The movable-
'aﬂdgluemmblyﬁnwaanWMithmewmmﬁnw
'nxle610bymionofamshtft642.AmmmﬂShsamhaﬁMmmﬁ?&mmmudbydn
Mmmm S G : . _ }

' 'rbegluewheelasseni)ly613oondstsofapamdlyhol!ownxk679wnhamhm$oouphng680foﬂheglue
supply hose 641 from the ink cartridge 627 'l'hisule6?9mn¢ctsloag!uewhwl681 whtdtabsmbsadtwveby
upﬂlﬂlchmﬂmuthdmlholes.hmoldedhousingmundsmegiuwhedﬁl wnhanopmmgatthcﬁ'om.
Pwounssidcmoldmgs&‘.’imdsmmgmdoorsmmntadwdmdwmﬂalmppmbnchtmdmmewndemys
when the rest of the assembly 673 is thrust forward. This action exposes the glue wheel 681 through the front of the
molded housing. Tension springs 685 closc the assembly and effectively cap the glue wheel 681 during ‘periods of
inactivity. . , - )
As the sheet 604 passes into the glue wheel asseably 673, adhesive is applied to onc vertical edge on the
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WO 00/72126 PCT/AU00/00560
’ ~-37-

front side (apant from the first sheet of a document) as it is transported down into the binding assembly 605. It will be
apprecizwddmthlsamngcmlapplicsadhﬁive-loeachpageduﬁngpinﬁngsoﬂmﬂxcpapcrmovcmttbmughthe
printer is not interrupted or stopped at 2 separate gluing station. This increases the printer speed, however, it requires that
the pages move through the printer in “portrait™ configuration (that is, in a direction parallel 10 the long edges). This in

5  tum requires the paper tray, binding station and collection station to be in portrait configuration. This may make the
ovesall Jength of the printer too great to conveniently fit into areas having limited space. In these situations, the media
tray, binding station and coliection station can be mranged in “landscape™ osicntation (short sides parallel to paper
movement) to shorten the Jength of the printer. However, the gluing assembly must stil) be able 10 apply glue along the
long side of the pages. In this version of wallprisiter (not shown), the adhesive is applied to the longitudinal edge of each

10 page with a reciprocating ghue 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 platen 689 which supports the document 618
. after the sheet 604 has been moved across, and am exit hatch 690 with cuppost bracket 653, 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 aslooped system of

15  wheels 692 and a sprung steei cable 693 that attaches to a powered cable winder shaft 694. As the cable winder shaft 694
isrotawd.lhemblel_oop.ﬁ%shonmsmdmspmﬂhehindingplmﬁﬂmd.'Ihis-mwemdshanmhasaslip
cluich mechanism and provides the necessary speed to push the sheet 804 forward onto the rear of a previous sheet,
glue/bind it then return under the action of retum springs 699 10 the home position to accept the next printed sheet. A
single operating cycle of the reciprocating platen takes less than 2 seconds. -

20 The binding assembly 605 binds pages one by one into » bound document, thereby producing bound
documents without significantly adding to the time taken to print the separate pages of the document. Furthermore it
applies the adhesive directly prior o pressing it against the previous page. This is more effective than applying adhesive to
. the rear of cach page and gequestially pressing each page to the subsequent page because any interruption in the printing

-._M_MM8wﬂmBhngﬂchWMMﬂwﬂwﬂwwnmelﬁtmmwdﬂmmand

25  become less effective.
Tbeablc@aumwdmrmmwmmumuedmmepmumdwumadhm
Fmﬂ;umore,lhclngledplmmisMowumewmm:dwhuehudamwpponﬂndoamasmmw
axis configuration,

Am(notﬂ:own)opuﬁvdymﬂedtod\eoontmlofmmamor may be used to determine the

30 podnonofummgemmmemwwmuwplmmmndymmemmmn

A paper tapper 643 knocks the sheet 604 to one side of the binder. 605 as it is transported across to the angled
platen 689. The main PCB 612 controls mators 695, 696 and 697 for the cable winder shaft 694, the tapper 643 and the
exit hatch 690 respectively, -

S Mmadocummtﬂﬁsboandandﬁmdwd,dwpowaedmmmomAmm(noulmwn)

35 smmmmmmmmmmmwmmmmmmmmm
643alsoupahgns the printed document 618 during ejection out of the binder 605 into the collection wray 619. Plastic
 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 without hitting existing ones. A plurality the
, ﬂmbiofmlsmybepmuded.emhhmngdiﬁumlengmsmmmmdnedoamuhawngdxﬁmwgcﬁmm

40  collection tray 619 is molded in clear plastic and pulls out of its socket under & certain loading.” Access for removing
documents is provided on three sides.

7.2 MeMJIET-BASED PRINTING .

A Memjet™ printhead produces 1600 dpi bi-level CMYK. On Jow-diffusion paper, each cjected drop forms

an almost perfectly circular 22.5pum diameter dot. Dots arc casily produced in isolation, allowing disperscd-dot dithering

A
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10 be exploited to its fisllest.

A page layout may contain a mixmure of images, graphics and text. Continuous-tone {contone) images and
graphics are reproduced using a stochastic dispersed-dot dither. Unlike a clustered-dot (or amplitude-modulated) dither, a
dispersed.dot (or frequency-modulated) dither reproduces high spatial frequencies (i.e. image detail) almost 10 the limits
of the dot resolution, while simultaneously reproducing lower spatial frequencies to their full color depih, when spatially
integrated by the cyc. A stochastic dither matrix is carefully designed to be free of objectionable low-frequency pattems
when tiled across the image. As such is size typically exceeds the minimmm size required (o support a particular number
of intensity levels (e.g. 16X16xE bits for 257 intensity levels). '

Human contrast scositivity pcaks af a spatial frequency of sbout 3 cycles per degree of visual field and then
falls off logarithmically, decreasing by a factor of 100 beyond about 40 cycles per degree and becoming immeasurghie
beyond 60 cycles per degree. At & pormal viewing distance of 12 inches (about 300mm), this translaies roughly 10 200
300 cycles pex inch (cpi) on the printed pege; or 400-600 samples per inch according to Nyquist™s theorem.

In practice, contone resolation above about 300 ppi is of limited utility outside special applications such as
medical imaging. Offset printing of magwzines, for example, uses contone resolutions in the range 150 t6 300 ppi. Higher
resolutions contribute glightly to color error through the dither.

Black text and graphics are reproduced directly using bi-level black dots, and are therefore not antialiased
(i.c. low-pass filtered) before being printed. Text is therefore supersampled beyond the perceptual limits discussed shave,
to produce smoother edges when spatially integrated by the eye. Text resolution up to about 1200 dpi continues to
contribute to perceived text shaspness (assuming low-diffusion paper, of course).

The netpage printer uses & contone resolution of 267 ppi (i.c. 1600 dpi / 6), and a black text and graphics
resolution of 800 dpi,

73 DocuMeNt DATaFLow -
mwummofmmmmmmmmmumnammsmm

. avoid creating visible-artifacts; This means that the-printiig speed-tan*tbevaried 10 matcli e laput da

-mmmmmmmwmmumnmdhaamwﬂyddauAme
Bmgmmdmﬁlﬁkﬁﬂymmmshdﬂwdbymmgawmuﬂmofﬂchmmcm
in memory.

This decoupling also allows the raster image processor (RIP) to tun shead of the printer when rasterizing
simple pages, buying time to rasterize more complex pages. '

Because contone color images are reproduced by stochastic dithering, but black text and line graphics are
reproduced dircctly using dots, the compressed page image fornat contalns & séparate foreground bi-level black Jayer and
background contone colof layer. The biack layer is composited over the contotic Layer afier thé tmtonc layer is dithered.

Netpage tags sre rendered to'a scparate layer and are ultimately printed using infrared-shsarptive ink.

M261mtmmdmmmdﬁahsamdﬁm Uﬁngbsymmeamusim
algoﬁthnsmchas.ﬂ'EGGSOHEC 19018-1:1994, Information - technology Digital ‘cSmpression and coding of
continuous-tone stifl images: Requirements and guidelines; 1994, the contents of which arc hérein incofporated by cross-
reference), contone images compress with a ratio up to 10:1 without noticeable loss ot‘quahty. gnmgaoompressed page
size of 2.5MB. : -
AUB00 dpi, 8 Letter page of bi-level mm:mormn.ammmﬁ‘wi{éomm very well.
Using Jossless bidevel compression algotithms such es Group 4 Facsimile (ANSVEIA 538-1988, Facsimile Coding
Schemes and Coding Control Functions for Group 4 Facsimile Equipment, Angust 1988, the contents of which are herein
incorporated by cross-reference), ten-point text compresses with a ratio of sbout 10:1, gmngaoonq:msedpagcsmcof
0.8MB.

m T*



10

15

20

WO 00772126 PCT/AUQ0/00560
; -39

Once dithered, » page of CMYK contone image data consists of 114MB of bi-level data. Using lossless bi-
level compression algorithms on this data is pointless precisely because the optimal dither is stochastic - i.c. since it
introduoes hard-to-compress disorder.

ﬂwtwo-hyerwmplusedmeimagcformalﬂmforeexploils the relative strengths of lossy JPEG contone
image compression and lossless bi-level mtmommfmumcmughwbewﬂﬁnuumd
simple enough $o allow straightforward real-time expansion during printing.

Since text and images normally don’t overlap, the normal m-mepage:magcng.SMB(:x.lmage
'only).whﬂeﬂnmmdbﬁt-mepagemngemuo.QMB(i.e textonly).‘!heabsolmewom-msepmlnngeﬁuu
3_.3MB (_i.e.mom:mage).mngaqmuofmnaagepagcmm-bmu.thexvmgepagehmgesiuis
1.2MB,

74 PRWTER CONTROLLER ARCHITECTURE

_ mmmmnﬂmsofcmumgmﬁo.afaﬂoqmmmdwmu
nuwkhtuﬁcemddeﬁzs a radio transcelver (transceiver controller 753, baseband circuit 754, RF circuit 755, and
RF resonstors and inductors 756), dual rasier image processor (RIP) DSPs 757, duplexed print engin controllers 760a
and 760b, flash memory 658, and 64MB of DRAM 657, as illustrated in Figure 63.

The controlling processor handles communication with the network 19 and with Jocal wireless netpage pens
101, senses the help button 617, controls the user interface LEDs 613-616, and feeds and synchronizes the RIP DSPs 757
and print engine controllers 760. It consists of 2 medium-performance general-purpose microprocessor. The controlling
processor 750 communicates with the print engine controllers 760 via a high-speed serial bus 659,

The RIP DSPs rasterize and compress page descriptions to the netpage printer’s compressed page format.
Eadtpnateugmeoonunllcrexpands.dxthmmdpnntspagemngestoxtsassommdenjet‘“pnnﬂwﬁ:iSOmrulﬁmc
ﬁ.e.umwpampammu).nuduplcxodpnm:ngmcwmllasmmndcsofad:ee(smmluneously

‘ lhempuumgmcmna%hmbﬂwpmmmdmmmmkmhmjm

- -,-,,--_-;ma;wmmpﬁssmuhxmeAwﬂa- S —— et e
25

. v‘qg'!hepdnmomoﬂa’sﬂashmyﬁsl\oldslhesoﬁwareforbolhthcproowsorﬁOMl!uDSP:?ST.
_.wdl quﬁgmﬂmdnﬁnhwpiedlomm“myﬁlnbootnm
. - "The processor 750, DSPs 757, uﬂdpﬂlﬁmﬁmwmponuﬂs(moonmﬂa?ﬁuﬂw
e&q&?ﬂ)mWhaMmﬂamwﬁamwwwmﬂsstndRFmsnd
mMmTﬂmthameRFM?&mmtmmmkm&xw

) .mmmMMmumwammmmﬁsmmmmm
7 (&MB)DRAMWisdsooﬂ'-dﬁp mmmmMTQmmwMinmASIC&

R it Amﬁmmmmmmmmnmmmmm
oplion.llly_gocll conq:uteramt inlaface T52.- Nmsemmwk lntunelhtufm include POTS modems, Hybrid

,,)ﬁ?ffa,. oax, (HFC) cyble, mpdems, .ISDN inodemns, PSL: modems,. suelhummveu. current and- next-gencration
_;,;WWMmMMmMMM)mmmmmmlmw

porl), 10Base-T and lOOBase-—TEﬂmnet. USB:and USB 2.0; IEEE: 1394 (Firewirc), and various emerging home

_"mtwmﬂqgmm.ifmlmmmnnecﬂonisamhbleonﬂuhcdmmmﬂ:eloalmmukinmﬁeembe

- uscduthenﬂplgemrkm!afwe.

40

'l‘hendioumm?ﬁ communicates o’ d:eunhceusedmizbandnormllyusedbycod!m
wwm“ﬂmvdymuammzmmmﬂ scientific and medical asmband,mmﬁequy
hoppingmdeollmondetecuontopmvxde interference-fiee communication. -

The printer controller optionally incorporates sn Infrared Data Assoclation (IrDA) interface for recciving data
*“squinied” from devices such as petpage cameras. In an alternative embodiment, the-printer uses the IrDA interface for
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short-range communication with suitably configured netpage pens.
741 RASTERIZATION AND PRINTING

As shown in Figure 52, once the main processor 750 has received and verified (at 550 the document's page
layouts and page objects into memory 657 (at 551}, it runs the appropriate RIP sofiware on the DSPs 757.

The DSPs 757 rasterize (st 552) cach page description and compress (at $53) the rasterized page image, The
main processor stores cach compressed page image in memory 657 (at 554). The simplest way to load-batance multiple
DSPs is to let each DSP rasterize a scparate page. The DSPs can always be ket busy since an arbitrary - number of
rasterized pages can, in generl, bemdmmmomThkm:gyonlyladsmpamnmypoorDSthmonwhen
rasterizing short documents. : -

. Wﬂmkmgionsmthcpagcdesmpuomuenstaiwdtoacomonc-mohtionb:-lcvelb:tunpwhidnu
Tosslessly compressed to negligible size snd which forms part of the compressed page image.

The infrared (IR) layer. of the printed page.contains coded netpage tags &t a deasity of about six per inch.
Each s encodes the page ID, tag ID, and control bits, and the data content of each tag is generatod during rasterization
and stored in the compressed page image. ud

The main processor 750 passes back-to-back page images 10 the duplexed print engine controllers 760. Each
print engine controtler 760 stores the compressed page image in its local memory 769, and stanis the page expansion and
printing pipeline. Page expansion and printing is pipelined because it is impractical to store an entire 114MB bi-level
CMYK+IR page image in memory.

The print engine controller expands the compressed page image (at 555), dithers the expanded contone color
data (o bi-fevel dots (at 556), composites the expanded bi-level black layer over the dithered contone layer (at 557),
renders the expanded netpage tag data (at 558), and finally prints the fully-rendered page (st 559) to produce 2 printed
netpage 1. :

742 PRINT Encne CONTROLLER

=~ The-page expansion and._printing pipeline of.the-print engine controller.760-consists of & high-speed TEEE
1394 serial interface 659, lmdardIPEdeodu“IGJ » standard Group 4 Fax decoder 764, a custom
hdhmdwupoﬁmmh?ﬁ&amugmdw?&ammlﬁmmﬂﬂ and a castom interface 768 to
the Memjet™ printhead 350.

nupﬂmmmoﬂu'SGOominadmblcmﬁawmm WhlleonepageisloadedhnoDRAM
769vhﬁ'uhlghspeedsaidmhaﬁee659 the previoasty-losded page is read from DRAM 769 and passed through the
prink cogine controller pipeline. Once the page has finished printing, the page just loaded is printed while another page is
loaded. ’ '

The first stage of the pipeline expands (at 763) the JPEG-compressed contone CMYK layer, expands (st 76€)
ﬂnwap4th-commdbilevdblackhyﬁ uﬂmdm(ﬂ?ﬁ&)ﬂwb:-levdmughyumﬂngtothcug
fmdcﬁnedinsecﬁonlz.-llinpmllctmsemdmedmm (u?ﬁﬁﬂwmmxhyamdmmpodm
(u?&ﬁﬂmba-kvdblackhyaomdwmﬁhngb:—ledeMYKlayer 'lhcrwx!m:(h-hvdmﬂ(-rmdotdata:s
buﬂ'uedlndformmod(l'fﬁ‘?)forpﬁnungonﬂ)eMmﬁet“‘pnnﬂwadSSOmnsﬂoﬂmebuﬂ'm Mosloflbﬁclme
buﬂ‘usareﬂmedintlwotf-dﬂpDRAM ‘lhcﬁnalstagepmnsmcsixchannclsofb:-levddold&n(‘indu&ngﬁmvc)w_
the Memjet™ printhead 350 via the printhead interface 768. '

Whmseva:lpnmcupncmntroﬂm?@mnsedmunison.mchasmadqﬁemdeonﬁmon.theym
synchronized via a shared Yine symc signal 770. On!yoncprlntcngme'iﬁo sclcaedmdleeuanalmswdsla\feplnﬂl
generates the line sync signal 770 onto the shared line.

The print engine controller 760 contains a fow-spoad processor 772 for synchronizing the page expansion and
- rendering pipeline, configuring the printhead 350 via & Jow-speed scrial bus 773, and countrolling the stepper motors 675, -
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676. _

In the 8% versions of the netpage printer, the two print engines each prints 30 Letter pages per minute along
the long dimension of the page (117), giving a line rate of 8.8 kHz at 1600 dpi. In the 12" versions of the retpage printer,
the two peint engines each prints 45 Letier pages per minute along the short dimension of the page (8%™), giving a line

5  mtcof 102 kHz These line rates are well within the opesating frequency of the Memjet™ printhead, which in the current

- design exceeds 30 kHz.

The present invention has been described with reference to a preferred- embodiment and number of specific

alernative embodiments. However, it will be appreciaied by those skilled in the relevant fields that a namber of other
10 - _embodiments, differing from thase spocifically described, ‘will also fall within' the spirit ‘ind sope of the present

} invcnﬂon.Amdmgly.itwﬂlbenndmmodlhnd:einmuonisnotimmdmbehmmdtoﬂ:espedﬁcembodimcms

Mwhummmmmmbymrﬁmnwmmpof

the invention is only limited by the atiached clzims.
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CLAIMS

1. Apﬁmformodvingdowmaud&aﬁpmammpumsyﬂemmdpﬁnﬁngminmfmonmg
surface, the interface being st least partially based on the document data, the document data including identity data
5, . indicative of at least one identity, the identity being associated with a region of the intesface, the interface including coded

data, the printer including:
a coded data generator configurcd to generate the coded data based a least partially on the identity data; and
a printing mechanism for printing the interface gam the surface. .

2. . A printer according to claim 1, wherein the. interface includes visible information in addition to the
:eodeddm.ﬂwwsibleinfmbuugbuedulaﬂplpﬂymdwmdu

3. Apmlamdmg!oclaiml.whﬂﬁnmem&ddmkﬂgqh&mnofulmmmfumm
Of,lhﬁm E T T T A e P S
4, A printer according 1o claim 3, whetein the st least one reference point is determined on the basis of &
156 5. A printer according to claim 4, wherein the printer is configured to receive the coded data layout from
..'thcoompmcrsymm.
6. Apnm:mdmgtodums ﬁnﬂwmdudingstorqgemnsforstonngaplunhtyofﬂaemdcd
data layouts, the printer being configured to:

rwavc.l'mmtbeeomputasystcm.hyou(selewonmfmmindmnveofomofﬁnoododdatalayou&md
20  use the layout selection information to select one of the stored coded layouts. for use in determining the at least one

_tefcrq;ccpoint.
1. Apnnwrmtkngtodaml.,wha&nﬂncododdﬂnsmtmbstmhallym‘blctomnw
m?ddbmmm&ﬂdqhﬂ&“mbﬂmm W e

et b0 A PXIDLCE 80CONGIng 10 any one of claims 1. m&mhumnhwodeddmmclndesuluaqmmg,mh e

25 mgbdng:udzauvao!dn:damcyofﬂwm
- _,__;u“ it e L9 Ammﬁymm&mummmwp;ﬂmuofmmmmw
: mmm;mnﬁw“w:pdﬁmﬁ‘eﬂummmuwwmmmm
..+ 0n,the basis of a coded data layout. - s
10. Apﬁmmﬁngtodalm9 Mﬁewﬂmmhmﬁmwmdwm&d
30 dnhyomﬁomdwcom«dmmpnorgopmﬂngtheoodadm e v
Il. Ammﬁumdﬁms.,ﬁmhah@)dmgm,mjmmmgaﬂmﬂwqﬂhcmdd
“{e-.wdﬁ‘wmwmmm mfigured to:. .- ... Tl ok e
mmﬁommcmummtmmmi@cw“ofmofmmmmu

',-_,j:_.;ggo.!!?.‘,’g;i_:-; o Caniti: 8 ve _;,.u’.:‘ s Frahaln au ﬂim A )
3B gmww:ﬂwm&mwmﬂwmmmfo%;u“, e e O
b, 1hfﬁa;f;g .‘s‘ : Ammmdm%wﬂﬁﬂww_,ﬂ O '
' ﬁm:dcuutydmdcﬁnmgarelanveposidmofdnmg._ :
second identity dat ciggggfy;ng:hcngim, s g i
cer w anihe 11 Amwgyg‘tqdmmofdm_l_wﬁ.llo:lzmqpnnmbmngwnﬁgmedtopﬁmdn
40 mtelfaeeontolhew:faoeondemﬂ. RO e 4 Y
14. Amht:rmdmgmmyoneofc!aimslmallwlz.whnundwmmfaceisptmedoma
phmihtyofthcpagu

15. Apnnwrmdmgwmyomofdmwlmﬁwhaemtbemrﬁoendeﬁnedbyambsm
16. A printer according to claim 15, wheyein the substrate is laminar.
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17. A printer according to claim 8, wherein the tags are disposed at predetermined positions on the
surface.
18. A printer aocording to claim 17, wherein the tags are disposed on the surface within a tesscllated
pattemn comprising a plutality of tiles, each of the tiles containing a plurality of the tags. -

19. A printer according to claim 18, wherein the tiles interlock with each othiet to substantially cover the

20. A piinter sooording to claim 19, wherein the tiles are all of a similar shape.

21. A printer sccording to claim 20, wherein the tiles afe'ifisngular, squate; rectangular or hexagonal.

. -Apimuioomdingtodaimls wherein the tags are disposed stochastically within each of the tiles.

23. Ammﬁuwdﬁm&wbemn:whofﬂwugshdudsuk&mmmfmm
- addmanwmemondidmnym

. Amm&ngwdﬁmza.whaunumonewmmmwmﬁgmdwmﬁw“
'-andlorreoogmumoﬂheugsbhsiodmdugm&nslpparm

25. A printer according to claim 23, whmuﬂwulmouwmonfwmtismm;fom
incorporating redundancy of infoimiation.

26. A printer according to claim 25, anlhcalastonemnmnfwmummonaﬂysymnwmcso
as 10 be rotationally invariant. :

27. A printer accoeding to claim 25, wherein the at least one common feature is ring-shaped.

28. Apﬂnwwcﬁdiugmdms.vdutineadl"ofﬂlchgshduddmldos‘toheoﬁmlaﬁonfmfor
enabling a rotational orientation of the tag to be ascertained by associated tag reading spparatus.

29. A printer according to claim 28, w!wunthcatlcastonemmuuonfcmnurcptmledmarom
incorporating redundandy of information. SRR

30. A prdnter acconding to claim 29, Wbﬂtmmenlcastoncmmonfcﬁmeismnynsymmc.

ST T i B "—:--Awm;ﬁo claim 29, wlmcmthea leastnnendemauon feature isskewedahngilsmajor

25

RN

axis.
PRl 32, Aphumﬁngwddmk.ﬁumoﬂddwuﬁthﬂu&:nbmmm“fmfw

s mmg.mmammwumwmmmmgw

BN

30 ‘

33. Ammﬁngmckm3zwnﬂwahmmmwfmhdmsmmm
* Sealisres which are Dot cotdGaiat. ;

34. Ammmdhgmdnmllwbuﬁneadxuginduduaplmﬂftyofugdmmeﬁmmd
* second identity data eack beiny defisicd by o plafality of the cleméits. :

35. Apdmermdmgtodumu whumntheiag‘dmmfsmdispoaedinoneorm*mbmds
mmdaccnmlmgmnofuﬂ:ug:h R i

36. Ammmdingmdumﬁvdmﬁnﬂmemaplmahtyofﬂnmmbmw

35 mmnma!lymﬂlmpeatoud:o'lﬁ& E el g e

e

LB

S3oiie . 3947 A piifier socording to claim 37, wbcreinwﬁ&n"é’fi’&élmngoneofﬂwposﬁbhvalmthclas

37’ Apﬁnw-‘&o‘iiﬁﬁgmdmaawbameadi’elcnismmuummof.dmbwmg.p:m‘yof
possible values. .
as, Aprmamdmgloclmmi&? whercmthenumbaro'fpﬁt’siblevalucﬁsm

40  clements absorb, mﬂcﬂwﬂmmdmommcmd:mmofapredamndwavdmgh onﬁge of wavelenigths to

apmdewmnedgrwaorlmmﬂmndmmm

40. A printer scoording to claim 37, whueinthepossxblevdhaofﬂwugdcmumdcﬁmdw
. different relative absorption, reflection or fluorescence of electromagnetic radistion of a predeiermined.wavelength of
range of wavelengths.

¥
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41, Apginte:meodiqgwdaimﬂ.Mmdnmemgsmslighuyvisibletomavemgeumidedhumm
under daylight or ambient Highting conditions.

42, A printer acconding to claim 34, wherein the tags are visible 10 an average unaided human eys unpder

daylight or ambient lighting conditions.

43. A printer sccording to claim 12, wherein the first identity data is represented in a fornmt incorporating
redmdancyofmfotmen. . .

44, Ammﬂmgmdﬂmlz.wharhmemndldenmydaaumpmwdmafomm
incorporating redundancy of information.

45. A printer scoording to claim 44, wherein the printer is an ink printer.

46. A printer according to claim 45, wherein the tags are printed using ink that is sbsorbent or reflective
in the ultraviolet spectrum or the infrared spectrum.

47. A peinter accordingto claim 46, wherein theé printer includes a scparate ink channe] for printing the
tags.

48. A printer sccording 10 claim 45, wherein the printer is configured to print the coded data and
additional information substantially simultaneously onto the surface.

49. A printer according 10 claim 48, wherein the additional information is printed onto the surface using
colored or monochrome inks.

50. A printer scconding to claim 49, wherein the additionz] information is printed onto the surface using
one of the following combinations of colored inks:

CMY;

CMYK;

CMYROB; and
o+ 8Yc A printer sccording to-claim 8; wherein at-deast a plurality of the tags are disposed stochastically upotr
the surface. . ' .
‘ . A printer according o' claim 9, wherein the tags are disposed in a regular srray on the susface, In
amordmcewithlheoodedhmm ' o

5. Aprin&:m:ﬁngwdaimﬂwtudnlhcmisuimgnlr

54, A printer sccording to claim 52, wherein the array is rectangular.

55. Ammwmnmmmmmmmm

56. Apﬁnmmdingtodamu wmmammmmumma
bound document.

57. .'Amma'amt&ggmdaimﬂ mumnmwnmanmumm :

| indudmgduﬂpdnﬁngmdmﬁmsﬁu-pmungoppomw&oaomeagedmﬂhmoudy

58. Ammmﬁngmmymofcwmlw&llmlz.mmcmgmdmhdnhm A

mkjetpnndludforpmﬁnghkmomenufwe
AprinwrmﬂmgmdmmS&whumnﬂummheadisadmpmdcmmm
60.. Apdntq'womdhgl.odaim” whmanmepﬁnt!wadisnpagcmdthwmbﬂd.
: 61 Amﬁmdmgmdaimwwhmmcmﬂmdsmnﬁgwedtodchmaphnhtyofhkedm

6nwthcwrfacewtﬂ:oncpmungpus.

62, Aprfmcrmdmgtoclmmﬁo whaﬁnﬂacpﬂnﬂxcadindudese]ecuo—dumlbcndmmwepa
the ink onto the surface.

63. Aprmtcuccmdmgtoclaimsz wherein the printer includes two sets of printheads, configured to

print opposite surfaces of a page mbmually simuitanccusly.

N ?,\
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64. A printer according to ciaim 62, including a forced filtered air delivery mechanism for keeping
nozzles of the printhead relatively firce of paper dust.
65. A pinter according to claim 62, wherein the printhead includes moving nozzie chambers,
66. A printer according to claim 65, wherein the printer includes two sets of printheads, configured to
S  print opposite surfaces of a page substantially simultanecusly.
€7.  Aninterface surface produced by a printer according 1o any on¢ of claims 1 to 6, 11 or 12.
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