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BACKGROUND Presently, there is concern over the security of transactions
conducted via conputer systens, such as credit card transactions via the
Internet. Irrespective of whether this concern is well- supported, many
users prefer the concept of manually signing their nane when authori zi ng
transactions, and particularly those involving noney. Part of this is based
on the physical nature of a signature conpared to, for exanple, entry of a
personal identification nunmber (PIN). 4n particular, anyone who obtains
anot her person's PINin relation to, for exanple, a bank account can

i npersonate that person with respect to the bank account. However, it is
relatively difficult to successfully forge an average user's signature.
Not wi t hst andi ng thi s, paper-based recording of signature information |acks
many of the advantages of conputegabgag@unNgcor di ng, such as online
verification of signature dynam cs. SUMVARY OF | NVENTI ON According to a
first aspect of CHEMNMISH S sRtcemuprethe secpity¢f Hangachonyspiiseled: G2 evreivice a user
tof i Nt er agbtent, fubh mfemutaa?ram&tomﬁmﬁ M&Hﬁ@&e%p@cé@e SIQHRBM, : &fis &y&ﬁl%ﬁ}lti l'izing
a formpripte nto a surfac t he rmincluding information relating to
t he corrputsélﬁyp Og% twar e, 't ﬁrégé Eﬁ}ef aceEr hﬁvfnﬁ‘ﬂ‘a@oﬁé’ﬂngdgflé na‘fl?lg‘i%’&“af“i"\’)’é‘z‘ﬁg a

si gnat ur e tfangsktepng, eddataitiogarty ghosdrievodvingpuener Paioff thivds Bsedton eherpbtshaddatimaof aidi Ng t he

steps Of_: si Etgl’é!chhﬁlg:dttchorfeQJn{ﬂeg gmryr&?aﬂéﬁﬁlél iRERhbh rﬁgmbei' E]’Htl)hﬁl V&R%H‘t er
system in |cath%)mdata and novenent data froma sensing ‘device, the

i ndi cat i ngf HEE X7 SRR ARTEPeEP 't HEY Rieliontent cramglecr bapknscosyaimpisopig a

i ndi cat i vetho personmuk fegRtt tothe tahleacs@ASHAGVEEVis RG] @it fubtedshBy heem t he
sensi ng deyiLce, . ativel relative ta the signatyre field,
gener at | ng%%rﬁgg uis'érélg ?fglg% eﬁg‘g@%‘ Sgag%%sdélé’ P Teast corpdélnrgt‘:’ltf SFPY eolﬁg"‘g’@'ﬁoéﬁ?fgs at | east
sone of theEsddl efarnipeene wopyerdated ajchyling wwell tspdiou stnficgiemef aigiange t he
novenent dgtasicsand identifying, in the conputer systemand fromthe
indicating data, the signature field, and operating the conputer software

at least partially in reliance on the novenent data and on instructions
associated wth the signature SUMMARY OF iNENTEON, the first aspect includes

t ,he step of ver 'L%J)r@igg b q’ﬁsft LSP&BWBGI%B¥OF,%E‘G%S LSRG SE % to%na%%qql\é\é; Itc{ ten
signature of the user. Preferably, the Tirst aspect i1ncludes the step of
i dent i fyi rigeeh @ity ssuerroferprrrgnahiopply sysesi yilzing reomuvisir o detface,
Al ternati W grm Qoluitifly 2ethitoR Ralath & | EslpuRS RAGIre PREAEANLYL Baliges the
step of r ecei vi %gé n terée ﬁ;o tut er s¥st eg)ﬁ%dg]%a I ndd_l (]:at ive of the identity
of the usef I °4° PEFEY fffi&*alug‘?ﬁfhéf%?p EFORYES 8 metfied inclydipg te stersf: g s pect
i ncl udes t he st epoveifingittedamvas thgysert N t he conput er system data from storage
nmeans of the N@@ﬁﬁgﬁﬁﬂ% computer system, indicating data and movement data from a sensing
device, the indicating data indicative of the signature field, the movement data indicative of
movement of the sensing device relative to the form, the sensing device, when placed operatively
relative to the signature field, generating the indicating data based at least partially on sensing at least
some of the coded data and substantially simultaneously generating the movement data; and

identifying, in the computer system and from the indicating data, the signature field, and

operating the computer software at least partially in reliance on the movement data and on
instructions associated with the signature field.

Preferably, the first aspect includes the step of verifying that the movement data represents
a handwritten signature of the user.

Preferably, the first aspect includes the step of identifying the user, more preferably by
using the movement data.

Alternatively, or in addition, the first aspect preferably includes the step of receiving, in the

computer system, data indicative of the identity of the user. In a particularly preferred embodiment,

the first aspect includes the step of receiving, in the computer system, data from storage means of the
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sensing device, the data being indicative of the identity of the user. In a
preferred form the first aspect includes the step of generating, in the
conput er system and using a signature key of the user, a digital signature
of digital content related to the conputer software. Preferably, this

i ncludes the steps of generating a fixed | ength hash based on the digital
content and encrypting the hash in accordance with the signature key after
the signature has been verified, thergeby generating the digital signature.
Preferably, the signature field is associated with a visible signature zone
defined on the interface surface. According to a second aspect of the

i nvention, there is provided a systemfor enabling a user to interact with
conput er s¥hYngeacer thydslarbging indieptivonfhe identitsofdeeswr.ut i 1 i zing a form printed
onto a surface, ufN@erf:RHWriNe Mgla%&é Bl RS IRl AR gén@rlaffﬂgl Hhe E&nptuglesy&&gp ut er

software, the surface Q%V|g% coded data 1ndjcaftive of a S|ggature field
rel ating t3°CRE & IEBlerY sbfe Wk & disii] sisaapug ef fligtalgonient Fripeddo B pperuist syst em
whi ch: recefives Pnfiablatthis gheildds shearps STRWRNERT a filc® Bngh SRR SisPordeY iisiar t he

i ndi cating Lhdieati vie  of ignature field relating to the conputer
sof tware an gé&rif%\l}deﬁleg%k&gé%eaﬁsﬁ n ?cé)%ita I?}S e %fth h r?%\]}agur?eelr{l O tt’%%gngtgﬁghﬁlﬁe‘bl evi ce

rel ative t¥rifigdetherelygrneraping theabipitilsignattey/i ce, when placed operatively rel ative
to the signaturepfeieb, hg8RRLA s bbRialeM itk 34IBE Lfede BAS 8indl on heaSt
partially on . sensing at | east some of the coded data and substantially
sinultaneou§@?eaﬂ%ﬁ6rating the nmovenent data; identifies, fromthe

i ndi cat i ngAdertiimg td hescogidgmattunf ehef inehtibp, et isgpetdad e systehefoc @Rl ehses @f t war e at
| east party : i a. and instructions
associ ot ed ot i P RRRECRIEE, bl SRaiE RAETRAN: o SR Bl A" 1 g
aspects, thefoEBigslidiag dqragtion,slating énth gemnutr saftwiter the gurfagerfmying prdlechdatee ment

dat a repr eisdatie ofla HQROWHL t@RinSb gRabmHuRr Dftwirk) e waRh.incRugf.er abl y, the

conput er systen1L%chQgggu%$ghto identify the user, nore preferably by
usi ng the novenent dat 2 preferred forms of the second aspect, the
conput er system is cewivesgndiatng dtaragd ebveaen dibm a senthe datidevtbe piflicdieddtdent i ty

of the user. ORI Ahkic A% CATRHLLh: SUShEMRROM LOULAH, 10, T ecei ve
e data

data from storage,_ neans of the_ sensing device, elng_anV%ative of
the identity of THENFoePovement pfitherseision fevishisbitivaie e Prmthesprsing devisn sbhens pect |

the conputer sysglaed dipsradeRfrélgive @othé SgridGR fR1d, Sdnerialk WcEndi@ineatatth@d Wiser to
generate a digit L . of .digital. con t related. to the conputer

sof t war e. Preferatﬁ%?gpﬁ%%%%m ﬂﬁ??qg??#gﬁffésggﬁ?ﬁﬁﬁ?@ﬂmb%ﬁﬂ A%P%Pe a fixed
| engt h hash basesregstingthemoveinggi datgt content and to encrypt the bash in

accordance W th the igh@RatidfehekQicadtl WSS, tlREnalofat sye has been verified,

thereby to generate the djgital signhature.
operates the computer software at least partially based on reliance on the movement

data and instructions associated with the signature field,

Preferably, in the second and third aspects, the computer system is configured to verify
that the movement data represents a handwritten signature of the user.

Preferably, the computer system is configured to identify the user, more preferably by
using the movement data.

In preferred forms of the second aspect, the computer system is configured to receive data
indicative of the identity of the user. More preferably, the computer system is configured to receive
data from storage means of the sensing device, the data being indicative of the identity of the user.

In preferred embodiments of the second aspect, the computer system is configured to use a
signature key of the user to generate a digital signature of digital content related to the computer
software. Preferably, the computer system is configured to generate a fixed length hash based on the
digital content and to encrypt the hash in accordance with the signature key after the signature has

been verified, thereby to generate the digital signature.
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NPX033-SG 4 Preferably, the signature field is associated with a visible
signature zone defined on the interface surface. In a particularly
preferred form coded data is provided in the formof tags printed onto a
pi ece of paper, the tags being configured to be read by a sensing device in
the formof an optical sensing stylus. The tags are preferably printed
using an ink that absorbs near infrared |light but is substantially
invisible to a human vi ewer under nornml |ighting conditions. Wen a user
brings a sensing end of the stylus close to the surface, one or nore of
the tags are inmaged, interpreted and decoded to provide an indication of
the signature field within which the user is operating. The novenent data
can be gener at edPicferahbiythofiztature firlics asofoiawd yith a[visiblprsendtae mne tifeetodibd  dat a
i ncludes iRk@cBihRN i ndicative of positions of points within the region,
and the novenent data.is. based_on coded data sensed by the sensing device
as it is moved r 8 Ry UEebPeied Syprogded datapsprpided invhsQrm of fapeprivgd ereht  dat a
can be genst¢cablphpernthevaysben@tcosifizluad edaetradtbba s&ﬁﬂ@devd:aﬁrathe e Iaf @Sophyat use of
accel erone hi rol | IIs or
wheel s as s%%lgngt eélg' it tg%;%re p?%%%b@;?%r%% evit m]f:él?tt Q%Sbsélgar Slpsd § g?h 2By

i nvention W*@“@é@ﬂﬁ@leéﬁpé?@@t“ﬁf“ﬁbmdﬁeamahQgh@lhewﬁ@hﬂnevmllgl dmerabrine&:la

descri pti Ofnsaik eﬁH &f thd’ Jtﬁ‘ﬂ ARG ok B8RO i ﬁ@r@%ﬁth@fagst ﬂ@ln{a@&eﬂ{elp%d R EF
DESCRI PTI Q\I Pr efe ed and .ot her enmbodinents of the invention

will now bé*wggd t8P‘°B‘8%Ia“ nFatay %‘f SRR Dl pchin ?’flﬁchetk%iﬁﬁl‘sé’l’ﬁﬁ}“? with reference
t o t he acconpanyTegnaterean dagsan bergemdited i anf-bLpumebe of\Saya Is ofecfored, ihe cqabd @ t he

rel at i onshi,R ;REHWEEN M08 HIRLE . Qfﬂoaao%ioﬁ,%@ n BPE mﬁ Snd M m{iﬂ‘&% is

description; Figure 2 is a schematic view of a Interaction
net page petf‘is‘*d 4o ?Péfddﬁﬁée"&idlbﬁ fhe pensing Jewieqys i ds praerelative tatbsy Surf@ﬁd“&nﬁ@tebage
appl i cat i ahe meveneit; datElcﬁUEwe géieﬂatkd usM}atn&Sreate@&H he cbd-@RaRf suttedsPRARe ST Vers

and printers interconne Vi S aschema,lc vi ew of
a hi gh | eve elegotn}e%rcst“ﬂl{ﬁ]éltg sensm r(?exrf] f:e %r Bsw’él ro!;%gﬂlilf f)r wfb ﬁlf aﬁ%mabegd@&]
descripti cﬁﬁﬂsmEﬁfg’uFe 5is a pI an view show ng a structure of a netpage tag;

Figure 6 is a phaf: ygpewosmem&gon%lﬁ eledhd HRedl RonPElNE AR ro D8l o cf?aﬁle& he tags

shown in F(Jﬁ%ure 5 and a fie vi ew of  a net page sensing device in the
formof a P%@@fpﬁfg?{‘edﬁdé’ﬁ?’eem?‘“}“ge“éfOf‘lh‘b%&q‘i‘%‘?“t of a tag i mage processing
and decodi ng al gOI‘Ithm Fi gmeet&scmsmcpnosmnmesvn ew of a netpage pen and

its associated tﬁ%}ég Q]%fled vewcone iqure. 9.is a rspective

. 2 ST Ql s/ EW SONE 4 8&

expl oded vi ew of ?‘I 0 rem 0 lmensh% ¢ inyentjon ure l'giescﬂbed bywaygfenon
limiting example only, w1th reference to the accompanying drawmgs in which:

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

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

Figure 3 illustrates a collection of netpage servers and printers interconnected via a network;

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

Figure 5 is a plan view showing a structure of a netpage tag;

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

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

Figure 8 is a perspective view of a netpage pen and its associated tag-sensing field-of-view cone;
Figure 9 is a perspective exploded view of the netpage pen shown in Figure §;

Figure 10 is a schematic block diagram of a pen controller for the netpage pen shown in Figures 8 and
%
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Figure 10 is a schematic bl ock diagramof a pen controller for the netpage
pen shown in Figures 8 and 9; NPX033-SG 5 Figure 11 is a perspective view
of a wall-nounted netpage printer; Figure 12 is a section through the

| ength of the netpage printer of Figure 11; Figure 12a is an enl arged
portion of Figure 12 show ng a section of the duplexed print engines and
gl ue wheel assenbly; Figure 13 is a detailed view of the ink cartridge,
ink, air and glue paths, and print engines of the netpage printer of
Figures 11 and 12; Figure 14 is a schematic bl ock diagram of a printer
controller for the netpage printer shown in Figures 11 and 12; Figure 15
is a schematic bl ock di agram of dupl exed print engine controllers and

Menj et TM pFigure hleadserspedwoitvat edalivneunted igpagerdrineer control | er shown in Figure

14; Fi gur efi}@e lﬁs@se&ﬁnm ﬂtﬁel@rlg@iﬁ:’fthgh(%ﬂﬁ%giof%%e@[' nt engine controller
shown in Figures 14 and ; ure I's a perspective view of a single

Menj et TM pPEHE {43ds @‘Ieéﬁfagﬁd( portipa of Kigge {1 shoyigg aé“f%ﬂﬁ‘p?lféle dyised pist 4G 3¢ i nt er of
Fi gures 10glbeovtitd psséritgpire 18 is a perspectlve view of a small part of an
array of TP | nts.. series of pe ective
views ill h%?lhgh lr\sl/lgal ({h]éedovﬁ%r(gt@% & s .91? THe ﬁ}ﬁenf%ls TR BF P45y © {tg ement
shown i n Ficpageerinigr of Biggrerrld appl2} s a perspective view of a short segnent of a
pagew dt h Nem ﬁltlg_McBUiﬂam @R iagrady bﬂi%ﬁte%n&oﬁer%r%rﬁmg b&lte\l!sh%% QfFlgareyser

cl ass di ag{lan% igure 22 is a schematic view of a printer class diagram
Figure 23 "a'8chematic view of a pen class diagram Figure 24 is a
schemat i c Wigea 50§ a @henapblock @fzgran otdupls:Sd i efgiEtonkrbiGtifatd 148nibis: @inSedemat i ¢
view of a on ¢lass diagram Figure 26 is a
schemati c %%ggvg%?’%tﬁ%glgﬁﬁn%%ﬁ%%%“ﬁén% ov\ﬁér ship class diagram Figure 27

i s a schendgireloi esgheghticdlockdipdravatt telpeprentines ool bliowa niFémres |46 19 agr am
Figure 28 Flénéilﬁlﬁg%gﬁfeétﬁe ViR W Pfingke ﬁ&ﬂ&h»cprﬁ!u%m?emmsa%geh%l bk Bl i ass

di agram %$re 29 is a schematic view of a hyper1 nk el ement class

di agram FegEFEmSe of E8g=dlifitati c view of a hyperlink el enent
speci al i zamgumemscid AEBpAiti@Gle@BT a sofail Gai F asdakral/ &n&@@%ﬂ:ﬁhg Gledn®W Of a

hyper i nk roup cl ass,. di agram Figure 32 isS sche ic view of a form
cl ass di agl?%’?n B 'Igfgs‘ﬂ“reseo%?frs}’ ‘gvéegﬁél%ﬁ[faf ?Waﬁ’fg UG Pyt MPmirhk PEYings s

di agranm  element shown in Figure 13;

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

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

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

Figure 24 is a schematic view of an application ¢lass diagram;

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

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

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

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

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

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

Figure 37 is a schematic view of a signature field class diagram;
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Figure 34 is a schematic view of a field el enent specialization class
diagram Figure 35 is a schematic view of a checkbox field class diagram
Figure 36 is a schematic view of a text field class diagram Figure 37 is
a.schematic view of a signature field class diagram NPX033-SG 6 Figure 38
is a flowhart of an input processing algorithm Figure 38 a is a detailed
flowchart of one step of the flowhart of Figure 38; Figure 39 is a
schematic view of a page server conmang el enent class diagram Figure 40
is a schematic view of a resource description class diagram Figure 41 is a
schematic view of a favorites list class diagram Figure 42 is a schematic
view of a history list class diagram Figure 43 is a schematic view of a
subscri pt i Beurd® is y&rrhaprobergeml procefingele@itdd is a schematic view of a

hyper | i nk ﬁlggy%nsa%mﬂ%@mmesteﬁlogmﬁow%én'&p@méfsheﬁat' ¢ viewof a
hyper | i nk actlvatlon protocol; Figure 46 is a Schematic view of a form

subni ssi on lé‘fr?ﬁgd%?)*’l"henﬁﬁ‘ﬂ“e“ﬁféﬂ?gé sepepr sopmgndlamerpglessdisgipmiy of a conmi ssi on
payment prigoed is a Dkl ED DESORE TiseieRIRREFERRED AND OTHER EMBODI MENTS

Not e: [ I erbrook Research Pty Ltd, Australi a.
In the prefg}ggd§a%% 5ﬁn&mﬂ% FV%“?§§§Mdeﬁals configured to work with the

net page n%%%bﬁ%&ﬁ“bwﬁﬁum%wdﬁ9@@@WﬁCE%d@®@m1ed overvi ew of which foll ows.

It will beF@wrseQa@ﬁeedauamofe%scn&vo%mvallo%mnt ation will necessarily
enbody al | ven t he aggglflc detail's and extensions discussed

bel ow i n r%?%ffdﬁa? “FW””BH§FE“§ TEHES BHEYET™ the systemis described in
its nost chgpé@tleascnmtamm@dfedmeﬂanltdaevaﬁ@@ebtdcelr external reference when

at t enpt | NGef0. HNCLLALAAAGNG. RGNkl PR lhat e preferred enbodi ment s

and aspects of esent I nvention operace. In brief sunmmary, the
preferred ¥ ?ﬁ?ﬁaﬁ? gy & cuyEseRPERPIt 8Y9cd conputer interface in the
form of a mappeETANERCESCRIPAON GF PﬂEEﬁ‘mmﬂhD STHEREMBBDIRENESNT ai NS

ref erences, to conputer system The
map' refer2%%%3&%%B96%”ﬁ%gwwgﬁgﬁv ‘Wk Sﬁ?ﬂghﬂégémﬂg hsing device. Depending
upon the specifi & ihaprabmed tabddomrnt, tiveinvrapnriefecetignees way Wb B oased
visibly orpdRWes bmpnw 806 defet080 vk Rie s U8 Dinh YRV ﬂ%%ﬂe %Fgf/‘ealdtﬁaqtﬁg ¢ On the

mapped surface ¥ ds an ‘unanbi guous nap reference Int map and
anong di f fEPEHE H%“OHWE“EE%WBUF@PO%% PESPYFICB! Of s ripesiifip datailp mdmamsms about
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In brief summary, the preferred form of the netpage system employs a computer interface
in the fom of a mapped surface, that is, a physical surface which contains references to a map of the
surface maintained in a computer system. The map’ references can be queried by an appropriate
sensing device. Depending upon the specific implementation, the map references may be encoded
visibly or invisibly, and defined in such a way that a local query on the mapped surface vields an
unambiguous map reference both within the map and among different maps. The computer system can
contain information about features on the mapped surface, and such information can be retrieved
based on map references supplied by a sensing device used with the mapped surface. The information
thus retrieved can take the form of actions which are initiated by the computer system on behalf of the
operator in response to the operator’s interaction with the surface features.

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

be sensed by an optically imaging pen and transmitted to the netpage system.
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surface, and Suc’bhe' ﬂgfp%e%htlep@lp?-ﬂregﬁedr@ﬁ{ Bfes)\/}gc(ﬂ is shown in Figures 11 to 13 and

described in more detail below, is able to deliver, periodically or on demand, personalized

newspapers, magazines, catalogs, brochures and other publications, all printed at high quality as
interactive netpages. Unlike a personal computer, the netpage printer is an appliance which can be, for
example, wall-mounted adjacent to an area where the morning news is first consumed, such as in a
user’s kitchen, near a breakfast table, or near the household’s point of departure for the day. It also
comes in tabletop, desktop, portable and miniature versions.

Netpages printed at their point of consumption combine the ease-of-use of paper with the
timeliness and interactivity of an interactive medium.

As shown in Figure 2, the netpage pen 101 interacts with the coded data on a printed
netpage 1 and communicates, via a short-range radio link 9, the interaction to a netpage printer. The
printer 601 sends the interaction to the relevant netpage page server 10 for interpretation, In
appropriate circumstances, the page server sends a corresponding message to application computer
software running on a nefpage application server 13. The application server may in turn send a

response which is printed on the originating printer.
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A netpage pen can also be registered with a netpage registration server 11 and linked to
one or more payment card accounts. This allows e-commerce payments to be securely authorized
using the netpage pen. The netpage registration server compares the signature captured by the netpage
pen with a previously registered signature, allowing it to authenticate the user’s identity to an e-
commerce server. Other biometrics can also be used to verify identity. A version of the netpage pen
includes fingerprint scanning, verified in a similar way by the netpage registration server.

Although a netpage printer may deliver periodicals such as the moming newspaper without
user intervention, it can be configured never to deliver unsolicited junk mail. In its preferred form, it
only delivers periodicals from subscribed or otherwise authorized sources. In this respect, the netpage
printer is unlike a fax machine or e-mail account which is visible to any junk mailer who knows the

telephone number or email address.
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only where it is defined.
1.1 NETPAGES

Netpages are the foundation on which a netpage network is built. They provide a paper-
based user interface to published information and interactive services.

A netpage consists of a printed page (or other surface region) invisibly tagged with
references to an online description of the page. The online page description is maintained persistently
by a netpage page server. The page description describes the visible layout and content of the page,
including text, graphics and images. It also describes the input elements on the page, including
buttons, hyperlinks, and input fields. A uetpage allows markings made with a netpage pen on its
surface to be simultaneously captured and processed by the netpage system.

Multiple netpages can share the same page description. However, to allow input through

otherwise identical pages to be distinguished, each netpage is assigned a unique page identifier. This
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NETPAGE TAGS
1.21 Tag Data Content

In a preferred form, each tag identifies the region in which it appears, and the location of
that tag within the region. A tag may also contain flags which relate to the region as a whole or to the
tag. One or more flag bits may, for example, signal a tag sensing device to provide feedback
indicative of a function associated with the immediate area of the tag, without the sensing device
having to refer to a description of the region. A netpage pen may, for example, illuminate an “active
area” LED when in the zone of a hyperlink.

As will be more clearly explained below, in a preferred embodiment, each tag contains an
easily recognized invariant structure which aids 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, and are sufficiently small and densely arranged that the pen can reliably image at least one tag
even on a single click on the page. It is important that the pen recognize the page ID and position on
every interaction with the page, since the interaction is stateless,

In a preferred embodiment, the region to which a tag refers coincides with an entire page,
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tag data d’f@ls}oéa‘@ﬁ]élé?ﬁf‘?‘%g a@WE’Eﬁdé%i"“ﬁéﬁ‘dd@apé The 500-bafyregignd B abigyts g fr o8l Thi s
yi el ds 360niint GidRe trillich)sdifpntiegibas Rbe @hiqBlyeRaasor ds of 15 4-bit synbol s each.

The (15, @_Z_EOdeTéE};l H)é}gvéncoding

The 120 bits of tag data are redundantly encoded using a (15, 5) Reed-Solomon code. This

yields 360 encoded bits consisting of 6 codewords of 15 4-bit symbols each. The (15, 5) code allows
up to 5 symbol errors to be corrected per codeword, i.e. it is tolerant of a symbol error rate of up to
33% per codeword.

Each 4-bit symbol is represented in a spatially coherent way in the tag, and the symbols of
the six codewords are interleaved spatially within the tag. This ensures that a burst error {an error
affecting multiple spatially adjacent bits) damages a minimum number of symbols overall and a
mininum number of symbols in any one codeword, thus maximising the likelthood that the burst error
can be fully corrected.

1.2.3 Physical Tag Structure

The physical representation of the tag, shown in Figure 3, includes fixed target structures
15, 16, 17 and variable data areas 18. The fixed target structures allow a sensing device such as the
netpage pen to detect the tag and infer its three-dimensional orientation relative to the sensor. The
data areas contain representations of the individual bits of the encoded tag data.

To achieve proper tag reproduction, the tag is rendered at a resolution of 256x256 dots.
‘When printed at 1600 dots per inch this yields a tag with a diameter of about 4 mm. At this resolution

the tag is designed to be surrounded by a “quiet area” of radius 16 dots. Since the quiet area is also
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up to 5 synbol errors to be corrected per codeword, i.e. it is tolerant of
a synbol error rate of up to 33% per codeword. Each 4-bit synbol is
represented in a spatially coherent way in the tag, and the synbols of the
six codewords are interleaved spatially within the tag. This ensures that a
burst error (an error affecting nmultiple spatially adjacent bits) danages
a m ni num nunber of synbols overall and a m ni num nunber of synbols in any
one codeword, thus nmaximsing the |ikghihood that the burst error can be
fully corrected. 1.2.3 Physical Tag Structure The physical representation
of the tag, shown in Figure 5, includes fixed target structures 15, 16, 17
and variable data areas 18. The fixed target structures allow a sensing
devi ce sucknigibuitdte adimett page opemidt 15 detebd efohise tiagantihdmfer its
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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 able to see at least one entire tag in its field of view no matter where in the
region or at what orientation it is positioned. The required diameter of the field of view of the sensing
device is therefore a function of the size and spacing of the tags.

Assuming a circular tag shape, the minimum diameter of the sensor field of view is
obtained when the tags are tiled on a equilateral triangular grid, as shown in Figure 6.

1.2.4 Tag lmage Processing and Decoding

The tag image processing and decoding performed by a sensing device such as the netpage
pen is shown in Figure 7. While a captured image is being acquired from the image sensor, the
dynamic range of the image is determined (at 20). The center of the range is then chosen as the binary
threshold for the image 21. The image is then thresholded and segmented into connected pixel regions

(i.e. shapes 23) (at 22). Shapes which are too small to represent tag target structures are discarded.
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The 15 4-bit data synbols of each of the six codewords are allocated to the
four concentric synbol rings 18a to 18d in interl eaved fashion. Synbols
are allocated alternately in circular progression around the tag. The
interleaving is designed to maxi m se the average spatial distance between
any two synbols of the sanme codeword. In order to support "single-click"
interaction with a tagged region via a sensing device, the sensing device
must be able to see at |east one entirg tag in its field of view no matter
where in the region or at what orientation it is positioned. The required
di aneter of the field of view of the sensing device is therefore a
function of the size and spacing of the tags. Assuming a circular tag
shape, t heThrista¢ and menttpid nissecrshapt istlecospmsbdr field of view is obtained when
the tags are tilgg, 93 ﬁahun!s% & fen (t,ompa&qwzaffoggabhdsh?@%nélﬂs)\@gmbl Jfé qure 6.

1.2.4 Tag | mage ProcCessing a Decodi n proces |ng

decodi ng p&f ﬂ@ﬁmﬁymhb§%ﬁgﬁﬁﬁ“ﬂ@@ﬁ&éh§ﬁbﬁﬂﬁ§mﬂﬁ@s%@%ﬁh@émmﬁéﬁmﬂ%ﬂshomn in
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make this possible. Note also that it is onl 0SSl
rot at i on- AB#MAPTEoRR! g3 §hat’%1sr gespentyQngg thyig Sewa OIHY dROMRIES 31§ Rpgmadized the
nor mal i zatdirons pagpttive trges hld @8y tdv€cognize, and the target closest to each estimated position is

taken as a match. The original centroids of the four perspective targets are then taken to be the
perspective-distorted comers 31 of a square of known size in tag space, and an eight-degree-of-
freedom perspective transform 33 is inferred (at 32) based on solving the well-understood equations
relating the four tag-space and image-space point pairs (see Heckbert, P., Fundamentals of Texture
Mapping and Image Warping, Masters Thesis, Dept. of EECS, U. of California at Berkeley,
Technical Report No. UCB/CSD 89/516, June 1989, the contents of which are herein incorporated by
cross-reference).

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

Once ali 360 data bits 37 have been obtained in this way, each of the six 60-bif Reed-
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perspective distortion can hide the axis target's axis. The axis target's
original rotation provides a wuseful approximation of the tag's rotation
due to pen yaw 29. The four perspective target structures 17 are the | ast
to be located (at 30). Good estinates of their positions are conputed
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 nornglizations to each shape's nonents.
Once their second-order nmonments are nornalized the circular perspective
targets are easy to recogni ze, and the target closest to each estinmated
position is taken as a match. The original centroids of the four
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tag numbering scheme, they can also share the same tag map.

The tag map for a region must be retrievable via the region ID, Thus, given a region ID, a
tag ID and a pen transform, the tag map can be retrieved, the tag ID can be translated into an absolute
tag location within the region, and the tag-relative pen location can be added to the tag location to
vield an absolute pen location within the region.

1.2.6 Tagging Schemes

Two distinct surface coding schemes are of interest, both of which use the tag structure
described earlier in this section. The preferred coding scheme uses “location-indicating™ tags as
already discussed. An alternative coding scheme 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 region, This

in turn is used to determine the location of the pen relative to a user interface element in the page
NPX033-SG




1.2.5 Tag Map Decoding a tag results in a region ID, a tag ID, and a
tag-relative pen transform Before the tag ID and the tag-relative pen

| ocation can be translated into an absolute |ocation within the tagged
region, the location of the tag within the region nust be known. This is
given by a tag map, a function which nmaps each tag ID in a tagged region
to a corresponding location. The tag map class diagramis shown in Figure
22, as part of the netpage printer clggs diagram A tag map reflects the
schenme used to tile the surface region with tags, and this can vary
according to surface type. Wien nultiple tagged regi ons share the sane
tiling schene and the sanme tag nunbering schene, they can also share the
same tag ndpripihessagedmwith thorsion. Neiginbnis Ar oter bre:rfao@tereinavak;:lfedeuﬁifad,tHuEa regi on
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vi sual preference, the document is paginated and otherwise formatted. Formatted terminal elements 835 will
in some cases be associated with content objects which are different from those associated with their
corresponding terminal elements, particularly where the content objects are style-related. Each printed
instance of a document and page is also described separately, to allow input captured through a
particular page instance 830 to be recorded separately from input captured through other instances of
the same page description.

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

A formatted document 834 consists of a set of formatted page descriptions 5, each of

which consists of a set of formatted terminal elements 835. Each formatted element has a spatial
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el ements on the netpage as user interactive elenents in that a user can
interact with the printed page wusing an appropriate sensing device in
order for tag data to be read by the sensing device and for an appropriate
response to be generated in the netpage system 1.3 DOCUVENT AND PAGE
DESCRI PTI ONS A preferred enbodi nent of a docunent and page description
class diagramis shown in Figures 25 and 26. In the netpage systema
docunent is described at three levels. (At the nost abstract level the
docunent 836 has a hierarchical structure whose termnal elements 839 are
associated wth content objects 840 such as text objects, text style

obj ects, inmage objects, etc. Once the docunent is printed on a printer
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page. Thi st4def & pes setrhecca:mtand/eexmheaém‘s shorMp Ui Flg.h’emm&tlﬁ Blé:rhbnﬁ&%h:yrpm‘d i nks.

and i nput, gﬁé 8Ll s vﬁﬂ%}f @?s?&atédrk%ﬁea&fe t &31 EARGS 20N Bg! 3 1thaanfagsrgl>£rgtdt ed

docunent 834. It consists O ge | nstances whi ch
cor r espond¥laddexpobisalfad. e drees groienEwigs antaﬁ@“aﬁeérﬂﬂaaﬁ elewFnefS6 ureephic sle@aich page

i nst aln([:) e58&3@ fuﬁi&&ﬁ ks R&d %raﬁlh(ﬂéﬂjé%t 857] flugeolMip BbRGh BALPACS aésocmaéadmre@@mf ds the
page 0 | nstance .S n cunent

i nst ance ﬁbjefttsts%]é'ﬁta c’e‘ﬂ’ﬁjggﬁwrﬁ 3%&/‘9‘ an 2s8AnE Py ﬁlé’s‘%béeatag%% rPr |a§?51pé‘§?nlfﬂt. A page
i nst ance O gitlsinsissofiatal ssriptt otpdet 6@ ragthawmh indligereft | nst ances 832. An el enent
instance only existSiifncd bas a%gwgggnd pad @%@m&pg%&' 6 Bl Rt ThUS.

hyperlink instance exists for
captured on the page which does not apply to a spec1ﬁc input element.

In the preferred form of the invention, a tag map 811 is associated with each page instance
to allow tags on the page to be translated into locations on the page.
1.4 THE NETPAGE NETWORK

In a preferred embodiment, a netpage network consists of a distributed set of netpage page
servers 10, netpage registration servers 11, netpage ID servers 12, netpage application servers 13,
netpage publication servers 14, and netpage printers 601 connected via a 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 various network activities. It
authenticates 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 instances. The netpage

network includes any number of page servers, each handling a subset of page instances. Since a page
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el ement because it records a transaction ID 55 which is specific to the
page instance, and a field instance exists for a field el enent because it
records input specific to the page instance. An elenent instance does not
exi st, however, for static elenments such as textflows. A term nal el enent
can be a static elenent 843, a hyperlink element 844, a field elenent 845
or a page server command el enent 846, as shown in Figure 27. A static

el ement 843 can be a style elenent 844 with an associated style object
854, a textflow elenent 848 with an associated styled text object 855, an
i mge el enent 849 with an associ ated i nage el ement 856, a graphic el enent
850 with an associ ated graphic object 857, a video clip elenent 851 with an
associ at edsewkmhso n@intaps ugbinpg tval®s Sgr caoh pagedisone| dlipnteduen@nbp b Arivdrt endin

associ ate 0 clii j r k4t 3. W an

associ at egneg)g?gi ‘g‘%“? 8{6(?2}8?; %%%;?pﬁ%ggmg ﬁ%g\?\%er?e% P?gpﬁgéegggp&f&rpg%g%yis%g tl%rlllz':e has a
backgr oundekitvsitethadsripimn ofths respending pageecord any digital ink captured on
the page which daeswagt inagppley 11 QllRatEP@GhrhdnCIDsNAUSn @nRAERAd pbddsNeuapr ef erred
formof the invention 811 is associated with each page instance

af
to al | ow t AGEHP E’ﬁ%‘eesef)vﬁﬁg'at%gmor@g‘iaf'“ﬁlﬁ%qeﬁ‘?ed into | ocations on the page. 1.4
THE NETPAGE NETWBRKpdgnpaniqynet Ge fnetheeiyoitdeiat SatendbNgge sinditvoirdolgonsi st s
of a dist rd IQH)E qlag%% SQEH’[J}%&%& AAREE of tﬁ@l{e}bgée%a%egewé?ﬁcjmgﬁrg?herc@rgésﬁoBgigéI on
servers 11, netpage |ID servers 12, netpage application servers 13,  netpage
publ i cati JHEEE¥4PEr s 14, and netpage printers 601 connected via a network 19
such as the | ntamapiee apScaBérdReri 1B ishai sgrkdr &hidh hobh eichRiiR agFagk GRliGtidnatd on
server 11 | server which records rel atjaonships between users ens,
orinters. iateREREh Ml BN LEGRIAR SHAMAANAS B BE RS Benpad T o0
net wor k acirinigist Thegare describegdie fiptaiitin ¥egicds- users and acts as a signing proxy on

behal f of aut heniiisat drits &hs be ModBdP |oh CAMRR of MBRSRCLHRN $lattbrns R0

provi des handfwrl ti %rﬁ@ |ﬁ| on services. As described above, a netpage
page ser VEPUHEHRTRT Ai g’%é" iragarttent AEoMHER BYPAE6ES FAGE cosYEriht i ons
and page imstsmdest, difie singt page canrve isdibiked dvel dntheBerain YosrUSHRR for af offpBge
servers, i e | . Since a X033- SG
17 server efglﬁg%rgﬁtg?## gfgin@ I?Jeg%?e %e‘h"g%t aq’@grfﬂz’é%%#ag{rﬁg z%(b:tﬁ%gg%m‘fl%g ?) gﬁ%eell,ﬂpcl ients
such as nefpaged pe Pipesrreers@neglso braryidge dirssthuin adicipess epnjiatce suches apsegpr i at e
page Ser Vefinter] b6 cPagRr §6kMA6n, bfnQNREBESRNY such input relative to the
descripti O{Jgof tEe ]\gEg_rreézoondi ng page. A netpage |ID server 12 allocates
docunent | 51 O R, RNRY provi des | oad- bal ancing of page servers via
its I D allocati ofhesetpemerint daeispageplipice whidl is ngdsretl heéh thahepagetystbh addr i but ed
Narme Syst &%ﬁ)ge d&ﬁm&ﬁ%ldgﬁaﬂd"aﬁl xﬁaes%ggcxﬁion.% &g:n?%gﬁ% Eglg%g Ilpl'-i}]tcsr%lé ,t o the

a
net wor k address oOf the netpage page server han respondi ng
and is connected to the netpage network via a network such as the Internet, ideally via a broadband

connection.

Apart from identity and security settings in non-volatile memory, the netpage printer
contains no persistent storage. As far as a user is concerned, “the network is the computer”. Netpages
function interactively across space and time with the help of the distributed netpage page servers 10,
independently of particular netpage printers.

The netpage printer receives subscribed netpage documents from netpage publication
servers 14. Each document is distributed in two parts: the page layouts, and the actual text and image
objects which populate the pages. Because of perscnalization, page layouts are typically specific to a
particuiar subscriber and so are pointcast to the subscriber’s printer via the appropriate page server.
Text and image objects, on the other hand, are typically shared with other subscribers, and so are
multicast to all subscribers’ printers and the appropriate page servers.

The netpage publication server optimizes the segmentation of document content into

pointcasts and multicasts. After receiving the pointcast of a document’s page layouts, the printer
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page i nstance. A netpage application server 13 is a server which hosts
interactive netpage applications. A netpage publication server 14 is an
application server which publishes netpage docunents to netpage printers.
They are described in detail in Section 2. Netpage servers can be hosted on
a variety of network server platforns from manufacturers such as |BM

Hew ett - Packard, and Sun. Miltiple netpage servers can run concurrently on
a single host, and a single server cangbe distributed over a nunber of
hosts. Sonme or all of the functionality provided by netpage servers, and
in particular the functionality provided by the ID server and the page
server, can also be provided directly in a netpage appliance such as a

net page pmbwt@rich nuhicatscibampus Bstenwor kst at i on, or on a local network. 1.5 THE
NETPAGE PRI NTER EH& tggbrgf?egglasolfekweg rthch%gn fef% @‘% s ag‘cp gﬁec\{\ht!h:& def e tLegI St ered
wi th the netpage system an rints net 3 ocunents on demand and vi
subscrlptH@Hmeé%HﬂﬁwFﬁﬁéﬂ”ﬁﬁ@méhﬂﬁﬁﬁue prlnter ID 62, andis connected to

t he net page net WOEdpritiie AraferREt MO privitsSIdE BndaSerd fAges kitfuRinBRlly ol SlRAdideY oMb @
br oadband ectlon Q@ﬁrt fromiden |t¥8and security settings in

non- vol at |Slh% r?’fﬂt%}r‘s R e‘t"ﬁ%\&@mﬁr‘t‘)ﬂf‘) s 78D AP ePﬁi“ebé‘Plﬁ‘@t%ﬁP-‘ets"t or age.
As far as minbhsds30dorddnoposeed, "the network i s the conputer”. Netpages
function interac

di stributed netpg%e péggngggggggé%ﬁwgﬁgmﬁ%%g %%,Q$§£§%P§%P??%ﬁ ILC)II’?’Iet page
printers. aHEPHEIPANPripieof Ree imegss| \he SsieiiFatePraseepr ffﬁf)aa@semdémnemrs from

nﬁt page pimhaa&tabsm‘is;&em@nﬁ tp-;l;éuel E&@{muﬂ@{g& PR tendi®e Ghedibd Qﬁ&dcﬁﬂ dﬁst&ﬂvlo ItOar : ﬁi
e page |ayouts c ext _and i nage ects whi ch popul ate the
pages. Beéh%?%?m héhex %%ﬁw53#P8ﬁpm%§ﬁ§“P%V§%&§SEF 0 E“H%thmeg ficto a

particuIanﬂsub@eﬂtmewpamdmxcsare poi ntcast to the subscriber's printer via
the appropriate P n%?én}ftﬁéd -for ﬂ%&mg&qe {hg&g%m B%Q&g?usm@ﬂ{ E@%@Je Igﬁigk hand,

are typically shared with other subscribers, SO are | cast to al
subscri ber'® alﬂ’P‘l‘%‘?tﬂesr@S“'é‘:i‘FdagP erthspysic PPy & oﬁ%eage e thuely suchyppges have mgere
publ|cat|dmneemmemmmpmmmﬁz@ﬁmah@asmgm&mhmum@ﬂa@&mﬁggunent content into

poi ntcasts and myl ti ( Pe%me Af &er .rec |vgg ﬂmeﬁﬁQan 1addocunent S
page |ayouts, the prin ¢ RPxb f? Knows~ whieH ef?%?é? TP any, to
| i st en t o.prigiyg enay ent gntp moesrspesatised engiedes subhtah glolre Misthatriatepaigerth atlasttape and

obj ects t hatucsghd, Qﬁs&ﬂﬂ@ﬁs a@l@gmteag tlﬁr% s&enpmdmtegtag b, G BacP S tfpPEndocument .
The printer ras%erlz prints_odd and even %gs si nul taneously on both

sides of tHe™Rhdetic f“ ﬁt%?ﬁ@tﬁﬁbﬁ@%ﬁﬁmﬁ¥#WW“% Privd 2 d3FimeR] heess 760 and
print engiasedatedwithitiz: dogunidersp e thd document’s tags can be correctly interpreted.

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

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

The netpage system can operate using printers made with a wide range of digital printing
technologies, including thermal inkjet, piezoelectric inkjet, laser electrophotographic, and others.

However, for wide consumer acceptance, it is desirable that a netpage printer have the following

characteristics:

. photographic quality color printing
. high quality text printing

. high reliability

. low printer cost

. low ink cost

. low paper cost

NPX033-5G




printheads 350 for this purpose. The printing process consists of two
decoupl ed stages: rasterization of page descriptions, and expansion and
printing of page inages. The raster image processor (RIP) consists of one
or nore standard DSPs 757 running in parallel. The dupl exed print engine
controllers consist of custom processors which expand, dither and print
page images in real tine, synchronized wth the operation of the
printheads in the print engines. Printgrs not enabled for IR printing have
the option to print tags using | R absorptive black ink, although this
restricts tags to otherwi se enpty areas of the page. Al though such pages
have nore limted functionality than IR printed pages, they are stil

cl assed as* net pagrade opératinar mal net page printer prints netpages on sheets of
paper. Morge speqhghgﬁgglﬂgﬁ age printers may print onto nore specialised
surfaces, such as gl obes. Each printer supports at |east one surface type,
and supporTs at mghpsiptingseed ag tiling scheme, and hence tag map, for each

surface type. ThanuldagusdBpldldd phiigh describes the tag tiling scheme
actually used to Rg&q% a_docunent becones associated with that docunent so

that the document™ &3 ®%n be correctly interpreted. Figure 2 shows the
net page pre4 nter lovaserdnagpdm reflecting printer-related information

mai ntai ned by a feoislfal) QRuBR LY She ém, ?ﬁﬁﬁﬂgg&&ggﬁmag%lcrk A preferred

enbodi mrent of the netpage printer 1S reater detail in Section
6 below, with r& EPEIR&Peycton gl peyers yit @esmharafte@has e picesnagplizedtdeheads The
net page S)ﬁﬁ{teﬁtm aCr&ﬁr pﬁﬁxedfcaioeagy Sdfdil@d flab Ri@feS™ RBEIS M Mbmjgm™nk 6 8rop-an@saf di gi tal

printing s, . i ncl n er mal ezoelectrl j et,

| aser el ectt QQC ‘£%¥§b ?%meﬂ d% g&é rih dm@é@?eaf & RiHeledigme ﬁﬂ?ﬁ

accept ancesysfﬁin‘ts @@l\@égﬁdﬂmge i 13 sheets pageelppiinite elehew 800 e af)njo™ ng

char acterlpslhﬂhsaa Theg.@g;g@%ﬂ&mepmmdtésmmé BintRE LBhdnRGB00 1o Hoa 6Bl abL Y T Ext
i a

prlntlng h§%“§cgl rinter cost | ow i nk cost ow paper
cost P8 x Pé‘i“‘ﬁ’pl Sd’ﬁé‘ﬁfaflinblﬁanSéYaPW SRt dipgensy ivellorn glack grdgh

printi ng Sifese inks as well as paper conditioner and ink fixative.

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

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

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

Figure 18 shows a small part of an array of printing elements 300, including a cross
section 315 of a printing element 300. The cross section 315 is shown without ink, to clearly show the
ink inlet 312 that passes through the silicon wafer 301.

Figures 19(a), 19(b) and 19{c) show the operating cycle of a Memjet™ printing element
300.

Figure 19(a) shows the quiescent position of the ink meniscus 316 prior to printing an ink
droplet. Ink is retained in the nozzle chamber by surface tension at the ink meniscus 316 and at the
fluidic seal 305 formed between the nozzle chamber 304 and the ink channel rim 306.

While printing, the printhead CMOS circuitry distributes data from the print engine
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si mul t aneous doubl e sided printing conpact formfactor |ow power
consunption No commercially avail able printing technology has all of these
characteristics. To enable to production of printers with these
characteristics, the present applicant has invented a new print

technol ogy, referred to as MenjetTMtechnol ogy. MenjetTMis a
drop-on-denmand inkjet technology that incorporates pagew dth printheads
fabricated using mcroel ectronechani cal, systens (MEMS) technol ogy. Figure
17 shows a single printing elenment 300 of a MenjetTM printhead. The

net page wal | printer incorporates 168960 printing elements 300 to forma
1600 dpi pagew dth duplex printer. This printer sinultaneously prints
cyan, magewbiglicnteth owectiphigtol clemend latdhexftieatae dind bklrs #e duve ol drigesthpdqpasdes

condit | onef153fdle b Lohakl bl pai IR i bl oRLAIP et 00k 31 BRRTRGELR! €1 Y 110

m crons | ong g m crons w de. Arrays ese printing elenents are
fornmed on %’EH&P fo G?P“é%gﬁl?f%s?@ﬂ‘éﬁulfw J?%@Ptyér%é@pm incgrgiecesulfag a

transfer, fdnviong ,heaﬁifgd:adzéd tHeEbearh hALIOR So Pl ARQRWAkIve B&ja@f be@th 9&1?30@& @Rf the
printing jmgﬁqt 300 are .the nozzl nozzl e

P hanber 308 0 Ao Spe S8 RERE Sl dfrele SRt AR s Srsber ar m
307, the odiffdrepee lsa@ttlalat wroligd dmipadentl8e8] cidhef thasisitvidermelthead astualve 420 pai r

309, the %ga,ﬁ@qomm%umm%e R4 arnl 188 raRARSEY BoRMEH R no2CARKL311, and
the ink inlet 312. The active actuator beam pair 308 i1s nechanically joined

to the paé?lngﬁﬁ¥ﬁ§F8P“ﬁQ%ﬁ?ﬁ%ﬂPmt@@?“&PsPH@”P&WWS§¥9”1§&Fﬁl%@aﬁ%spa|rs
ar e anchoriedeagds it irkipfessi@ She g ink 82 1adueéfate npietVS amllddusap the &k Ineniddhe316 to

conbi nat i of €l and 319 form.a cantilevered
electrothg!rﬁ1 {F%n ?§%53?§§g &Qgﬁwiﬁ OmSIm%mﬁagﬁﬁﬁstgr é an array
of prlntlﬂgﬂéﬁéﬁ§W{§M300 |nclud|ng a cross section 315 of a prlntlng

el ement 300. TheA@&@&ﬁpe‘i@tﬁ@ belﬂ:bgala5pair§3()‘SQﬁH/%9 hub 1RO the hdalsmriz@r&&lﬁs%ltsv show

the ink inlet 312 t asse t h t C 301. Figures
16Cay o Bet G 5 R e BRE pER o % %@7&% Bk 2O TAR |

el enent 30mmmﬁngumemm@E@meSh@Mmeh@equmbameﬂmk¢Mﬁm¢mmnnﬁﬁewﬁ&mmmhmneniscus
316 prior LQeRELiRLdHg an ink droplet. Ink is retained in the nozzle
chanber by surface tension at the ink nmeniscus 316 and at the fluidic sea
305 formed betweBfrt AR sy 2 semer B @rintyed 3hdn ¢ RePaRhRingh dhmigtety ¢fih306.

Wi | e pri niriotgd latﬁmlpﬁﬂdmtohmaﬁpgmam mumﬁ)wthaa@woh bt e s%‘feﬁ’e siﬁcrwar’@ t he
print enguﬂg NQ% ‘gg'ﬁ qpte 5 é W%QF c9rr rgn%hgg
at chea BT BACLS AU BGRT SEPL e Gy AP E PHEPS T FE e
prmthead m the direction 352. The printhead has 6 rows of interd1g1tated printing elements 300,
printing the six colors or types of ink supplied by the ink inlets 312,

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

1.6 The Netpage Pen

The active sensing device of the netpage system is typically a pen 101, which, using its
embedded controller 134, is able to capturc and decode IR position tags from a page via an image
sensor. The image sensor is a solid-state device provided with an appropriate filter to permit sensing
at only near-infrared wavelengths. As described in more detail below, the system is able to sense
when the nib is in contact with the surface, and the pen is able to sense tags at a sufficient rate to
capture human handwriting (i.e. at 200 dpi or greater and 100 Hz or faster). Information captured by

the pen is encrypted and wirelessly transmitted to the printer (or base station), the printer or base
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318 of the active actuator beam pair 308. This causes an electrical current
to pass through the beam pair 308 for about one m crosecond, resulting in
Joul e heating. The tenperature increase resulting from Joule heating
causes the beampair 308 to expand. As the passive actuator beam pair 309
is not heated, it does not expand, resulting in a stress difference
between the two beampairs. This stress difference is partially resolved
by the cantilevered end of the electrgthermal bend actuator 320 bending
towards the substrate 301. The |lever arm 307 transmts this novenent to the
nozzl e chanber 304. The nozzl e chanber 304 noves about two microns to the
position shown in Figure 19(b). This increases the ink pressure, forcing
i nk 321 oudtatiod intetpeetimozdap w30 RBspeandthegusinnged dvectirnk neni scus 316 to  bul ge.
The nozzle rim3 i i r.om spreadi.n cross the
O PUERE Bhiodlnlifs e LR B Berdboli QTSR ARG ALL

surface of the nozzle chanber 30 enperature of t pairs
308 and 30d @haarysaking stes oot malieg 25320 heverer ot sodsery foroysing ithsaktrapesi t i on.
This ai ds dyfler Rea BroRade-sdidn, Gifch tah @hdnNkis déc@Rd B InBehé: ihtbr0R. R delee Ilisi N t he
nozzl e chglsgg,wiﬁmggo¥n ip Figure 19(c). Tp .nOégle chanber 1s refilled
by the actTOn of the Surface tehtf d-a Pnﬁﬂg'ﬁgﬂﬁ O3 PEIRRRTE 8250 shows
a segnent odgram, prilediing eenckel88d infdrmatian meinpacebips ragiseation tdver L Emgtha nethage he
printhead jegvohine full width of the paper (typically 210 mm) in the
direction 351. The segnment shown is 0.4 mmlong (about 0.2% of a conplete
print head). When“5f1 AEENED i ik oorgpelitt & N5BsedthpRet detpmingy deposiigr iapt head i n
t he directdriematdhZelatith® By paas. M@adibhastabhed NS fork sénbdremdingifbrad aomnPhib i Ng
el enents 3 ri,nti h i X .col or r es of ,,ink. supplied by the ink
inlets 312%9 5%%5% g%gy% égvigéi §m§d¥ %%é&%‘mf%émpffﬁFﬁéa 36ﬂ?ﬁd‘
oper at i on, ingragiy dprecntrrethecbaggeip &¢ ‘cBIOY by presing s el pingity erdsr fomegheaekysubst r at e
301. For Q&G&aﬂ&zﬂdnﬁa 2ot h@rﬂﬁnﬂo?e, fhe Weﬁ@é@@@@l bWk oR@AIs %al%@'él%w, &9,‘ e 331
t hr ough mqhqg%ﬁge.ln§ droglet§ are fired. To prevent the nozzle guard hol es
331 from e HY oY dEKE mﬁ?‘ﬁ@ﬂ%ﬁ'fibers or other debris, filtered air is
punped t hrough t filg @h detémninest the B3iBoradnd oricdtationoff itk hi® of @2 atigpgbindgifiires duri ng
printing. o vent L 50 g;M'@g.. & 1042}, & dis.  sealed while
the printer T@L§ﬁﬁen‘19§m%ﬁe N&fﬁ% e enm$%%)ac%%bé %gﬁgéﬁﬁmﬁ%v 3%£of t he
net page sy@%@ﬁﬁﬂkﬂpyﬁmdéﬂﬁwﬁaﬂﬁéﬁ“1@1Pgﬁmmdﬁﬁﬁﬁ§ﬁﬁgﬂﬂﬁﬁwe@Wﬁ@@d@dﬁ
control | erimds3d ag ikt k@l RorfedP bitthped Bkl RAIRAE hdpoRBRirdsbiOibnbPBSHE QM @ page
via an i e %gnsor.tThg i.mage sensor_is a soljd-state device provided
Wi th an apBrBpRCaARE de i SRy 31 ds i S SerRReroeaa i B Reare (e
wavel engt hesitighgesdiemns dpachighn exvedieg e mainhuniyedoltign redugedsyrsit@nme lendsdilig t 0 sense
when the nil. g, N contact with the surface, and the pen is able to sense
tags at a sufficient rate to capture human handwwiting (i.e. at 200 dpi or
greater and 100 ¥ 2gfjonyrglative fo 2 nefragecrerfatirerhs @ aptetipfatioksy A stroke copeipfs plap
encrypt ed saquecebfitRlc@tmbad phd BuSiG6Hs bhi Bl pdge) ikifed BY h PnQowd S&ntRRSSmpit@tdyon) , the
printer Ort‘nebs%"ossgquenl}lggr(pu%%\_fegtc.; A stroke is also tagged with the page ID 50 of the netpage whenever the

page ID changes, which, under normal circumstances, is at the commencement of the stroke.

Each netpage pen has a current selection 826 associated with it, allowing the user to

perform copy and paste operations etc. The selection is timestamped to allow the system to discard it

after a defined time peried. The current selection describes a region of a page instance. It consists of

the most recent digital ink stroke captured through the pen relative to the background area of the page.

It is interpreted in an application-specific manner once it is submitted to an application via a selection

hyperlink activation.

Each pen has a current nib 824. This is the nib last notified by the pen to the system. In the
case of the default nefpage pen described above, either the marking black ink nib or the non-marking
stylus nib is current. Each pen also has a current nib style 825. This is the nib style last associated

with the pen by an application, e.g. in response to the user selecting a color from a palette. The defauit
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21 station interpreting the data with respect to the (known) page
structure. The preferred enbodi nent of the netpage pen operates both as a
normal marking ink pen and as a non-narking stylus. The marking aspect,
however, is not necessary for using the netpage systemas a browsing
system such as when it is used as an Internet interface. Each netpage pen
is registered wwth the netpage system and has a unique pen ID 61. Figure
23 shows the netpage pen class di agr% reflecting pen-related information
mai ntai ned by a registration server on the netpage network. \Wen either
nib is in contact wwth a netpage, the pen determnes its position and
orientation relative to the page. The nib is attached to a force sensor,
and t he f orlcgyloi thcheb nylhassiated mzﬁte:hprcmteﬁthiur Shraldes Mﬂ@tuied) thaoutglhai pahed whbetd

i ndi cate t Th| interactive

el ement o\rll\(@jﬁl %e%g&ggl{) ot?% Ve ﬂ%QEOkg{ ar% ehﬂ rédugd h i ly 16 rffmr‘li ucegll)n?tgl n order
to requesthib %?W‘th"r}ﬁlﬁl&ehﬁﬂagﬂﬁdfrom a network Furtherm)re the force is

captur ed as a COWl’lbﬂ&bBBlﬁﬁ p\i@-isbbﬁthﬁl(}ar@é Bf)é/\/pnn%@-)ﬁ/ith wilbﬁltfcbﬁ dbonthvimientd, @ pof @
ition and ori entatl on

si gnature ver.j f| The n det erm
of its ni bstloo ﬁzﬁ%es r’i'@t ]b@) Vﬁlg& Bfgpen; f?‘i ﬁ?oﬁlen? Ftﬁ’?"eﬁflaé‘}ffe’é‘tt%?ﬁge dh area
193 of t henqagerily nctMte msl eron’i LED. 0¥ het khe pen :mcced:cts idéceithe s strble releae eshe t ag and

conputes the legﬁlgﬂmg[}agt{vatgﬁg“&”l%f)el ative to the tag fromthe observed
perspective distortion on the imaged tag and the known fgeorretry of the pen
O

optics. Al t hough®ttdensofictny strakedis trfqrsthioss disikbink Risirkik omes tedwsis fiecause

the tag denrsiisial enhatngﬁeofpag&gs and @8R, YordnGiOtetdeial of thandbiifingt & f6d ze, the
adj usted ppsition. r eso né’lurleon is quite high, exceeding the m ninmm
resolution require "Pore accurat e handwriti ng recognition. Pen actions
relative to a neﬂpyaﬁg@Saﬁlrelesealpit'ﬁrmeds digitahink &y thewtpade psitterokeessshorragge ralice

consi sts qfnkamesle%eca@elg@aﬁ idid §BS/h@IRE Gri %mﬁ%&uﬁtﬁ%ﬁ@p&ﬁuzeﬁeﬁrp@&%m
initiat ed pen-d en conpl et ed e subsequent pen-up

t an
event . S('ﬂisé‘o’i‘ Q‘"ési aé"éayi 861 PR £Y5R e tF’BIYéB"dHPg ip e PifEYpage whenever
t he page | D chawgeshe pehiiscdot-ofusmgest arpointe®il butlers @ligs irdkCRGmall rfemdiy, Fiich

comencerant s O 3 Rl G B EHLABLARIEAE R T UL ST SELEGhYON 820

=it} IS ongee a
associ at e user Ff orm copy ‘and. pasté Operati ons
etc. The sf@1ge%ftalpﬁﬁerr%tfft‘lﬁfﬂfésltyé’ﬁﬁfﬁé@dtgéjaleﬂkl ow t he system to di scard it after

a defined tine pgpidEa bJ}agst@rw \Eﬂﬂl%y SebRCIripAiers 8 WhdRE 811 8a¢k B8 QRuLfn @ Page
instance. It co recent digital ink stroke captured

t hrough t H&P %%gg%loﬁtﬁageé ¥ Ofl HgDBeé‘@‘?{ rib it ey dHpFrA R LgEer 2 pen f5s

i nt er pr et edmnwmicngaipbiopgariulasipeci fi ¢ manner once it is submtted to an

APl LSati on. v18 RpRELERLIBAnHYAR! doh Qe Bl HAHLNacREARSD IR, BpC Ut o1

nib 824. This is the nib last notifie en tot essten’n
case of t Heerarse @diigrepdioddge pen descri bed above either t he mar ki ng bl ack
ink nib or.the nureRsyIkisRgendit yl us nib is current. Each pen also has a
current nib styl ’ﬁle8 5age J&te% 6d1 recFmDees df?t!;t Il%:la;suggytcl) z? stt!ogeséom espce):g IlOaitw%en the pen is
used to interact with a 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 and an indication of the relative positioning of the pen
relative to the page to be obtained. The indicating data is transmitted to the printer, where it resolves,
via the DNS, the page ID 50 of the stroke into the network address of the netpage page server 10
which maintains the corresponding page instance 830. It then transmits the stroke to the page server.
If the page was recently identified in an earlier stroke, then the printer may already have the address
of the relevant page server in its cache. Each netpage consists of a compact page layout maintained
persistently by a netpage page server (see below). The page layout refers to objects such as images,

fonts and pieces of text, typically stored elsewhere on the netpage network.

When the page server receives the stroke from the pen, it retrieves the page description to
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with the pen by an application, e.g. in response to the user selecting a
color froma palette. The default N PX033-5G 22 nib style is the nib style
associated with the current nib. Strokes captured through a pen are tagged
with the current nib style. Wien the strokes are subsequently reproduced,
they are reproduced in the nib style with which they are tagged. \Wenever
the pen is within range of a printer wwth which it can comruni cate, the pen
slowy flashes its "online" LED. Wen,the pen fails to decode a stroke
relative to the page, it nonentarily activates its "crTor" LED, When the
pen succeeds in decoding a stroke relative to the page, it nonentarily
activates its "ok" LED. A sequence of captured strokes is referred to as

di gi tal i nkhichDhegirblalappliak addoteBnideh @hibladénsnf @ithe phde @esdiigiol it stekchange. of

drawi ngs angl BRI lofebddGne (iRkc RULNE SFRUN b @@L IRAGW T L1 g, and for
online verification of signatures. e peri'ls wreless and transmts
digital ink to theclitkt pagekprhat & digpuge apddime between thgeen dningosition pid theThe
transm t t edbseugithed upipBiitioh Sre BEE fe¥skel ConfeQnal Phdx¥REY ARDEeBREUM do¥vaRB B 2

packeti zed for.q%ficLent . transmission, byt is alwa i?ftush d on_a pen-up
event to enStYRECAY FFR1SS hAkbio PR Y e 255proteie R loogi aFrke i denpreth Thefailure

out - of - r ange prafac@npushrt etsloppy” lolickf te registek igindicuked bpnite latk df RE@HRAomAREFRTY, Whi ch
has a capagjtpef over ten minutes of continuous handwiting. Wen the pen
is once again within range of a Printer, it transfers any buffered digital
ink. A pen can b&herecf &P &ndopiipetsleanyss Hanpeee pise fesitintiey Bypedits alidfermuse al |
stat e dat afelde Jipdthroigh a fATPIA RS0 BIRE the RetiPAPRST 2R RsboARd hpaliRet Work, it is

| ar gel y inp?geriﬂiegﬁu<:h printer a pen is conmunicating with at any
particul ar "t'i me. pré?erred enbodi ment of the pen is described in greater
detail in Secti ofsh@ecthiok pwmeans tiivending h ereserze @ atrgndi plicat®nGind Epidally elibitsh NETPAGE
| NTERACTI D RsORE RANSeid Ysh. 601 receives data relating to a stroke from
the pen 10 1 when the pen 1s wused to interact with a netpage 1. The coded
data 3 of the taQdvRFiivg clemeny 86, idepiifies, b arpfieaon 11 wiich ages astivaigpertihe a
novenent , lspelinkadingIISi4rvakod idedilfies dattyperidkltOmSapbiatidnd@riliat MquatdtdaewRar t i cul ar
page and Cj I ractive _el.ement.. t .determ.ned and an .indication
of the rela%istgeeéy%%gﬁ? Fg{r‘]‘?“’né‘a of t ﬁ%’hf)aél?ln al}a%?%’? ?vué Fo “EeﬁhenE 5‘%{3’%“0%’ o B

obt ai ned. dp¥Ertionrhielis psd whiatthe hyrsrlink gnesarided 2o d favgritt drepnomrs mtenserphigee. | t

resol ves, Th¥h@ediit€eldaliR clabsifeRA%8ndva iPRzRf 2ot he stroke into the network
address of the ng&gagﬁvﬁﬂﬁf_seryer 10 which maintains the correspondi ng
page instance 8301 t AFEHPE dhe Ase SETBKEME ¢ FREspRgd FBEGEM 1 the
page was rse@tk yn ihd eatirk. iTeelapplicatin icidénkifi@by ai spph@tiontinen shdie gpiidati@r may

al ready Nams, LAReA G5 Al vh 1L Rl AYANL RAIGS S Ehl s hbd GRS Each

net page consists of a conpact page | ayout naint
863, form hyperlinks 865, and selection hyperlinks 864, as shown in Figure 30. A general hyperlink

can implement a request for a linked document, or may simply signal a preference to a server. A form
hyperlink submits the corresponding form to the application. A selection hyperlink submits the current
selection to the application. If the current selection contains a single-word piece of text, for example,
the application may return a single-page document giving the word’s meaning within the context in
which it appears, or a translation into a different language. Each hyperlink type is characterized by
what information is submitted to the application,

The comresponding hyperlink instance 8§62 records a transaction ID 55 which can be
specific to the page instance on which the hyperlink instance appears. The transaction ID can identify
user-specific data to the application, for example a “shopping cart” of pending purchases maintained
by a purchasing application on behalf of the user.

The system includes the pen’s current selection 826 in a selection hyperlink activation.
The system includes the content of the associated form instance 868 in a form hyperlink activation,

although if the hyperlink has its “submit delta” attribute set, only input since the last form submission
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persistently by a netpage page server (see below). The page | ayout refers
to objects such as inages, fonts and pieces of text, typically stored

el sewhere on the netpage network. \Wen the page server receives the stroke
fromthe pen, it retrieves the page description to NPX033-SG 23 which the
stroke applies, and determ nes which el enent of the page description the
stroke intersects. It is then able to interpret the stroke in the context
of the type of the relevant elenment. A,"click"” is a stroke where the

di stance and tinme between the pen down position and the subsequent pen up
position are both | ess than sone small maxi mum An object which is
activated by a click typically requires a click to be activated, and
accordingIWhmmmﬂd%gesthwm&maﬂs&hgm@medmmﬁhﬁhhaﬂhhmmwmah a pen action, such
as a " S!oppy" Cl hGlperibRed S IKELs o Soud ghlg&%?éﬂwm ﬁabglem},%te@L,ﬁper?aggnse from

the pen's "ok" There are two k
page descriptt BriisursideVhedRast agers ﬂ%ﬂ“ﬁﬁ Wlf@ld(ﬁmelﬂn‘p@? 1ot digdipegiok (§‘i*4m fi eI d

lC_;ln a: sokt:rssog.gtecr whth €he Bdub M@ hdtiodledO fA @perﬁﬁﬁpglbﬁa &d BYRATth IaBKeiatel hyperdink

perlin r is a ns sendi ng a nessa a renpte,

appl i cati gbnﬁ\m}[g‘%f %filéésufhl ¥ a§Fe@1°f‘ -4V 40 %G Fop ey FpE R & “F‘ ﬁ]et ?’i‘&m’gg“ﬁtﬁage
system A dtiyipes dfi fem dyrerielinto Baddeicehgintopy inmstotiheppliga(idni t ednitterefordbewksideh handl es
activati Onsuﬂzforttahﬁackmefnk&a@tlﬁm nﬁdﬁll'l@kwhleQ t?aﬁt 1Mbtﬁllgd m%g%tofré & etfzjggoom{soer i nk

to the application, an "alias required e systemto
i ncl ude t HE°G¥er' s application alias 1D 65 |n the hyperlink activation, and
a descriptr.en whorals i S used when t he hyperllnk is recorded as a favorlte

or app_ear S_ int h%guse ﬁnses a IccﬁlealeFfre]ﬁte lxgelds us cha ca;ﬁﬁne.ea reaz‘igegas'eééF @!%1}?‘ ggg]dlssa

shown in Figure 1 SPACETVaE
request tdmaﬁﬁawpmﬁtﬁﬁﬁmnAf@mmﬂmh@neﬂGNW@wemwetm@mmmmmﬂ@sapphmm@mmon is

i denti fi ediohiyar@flodPhifailoh@RrleP 64, and the application D is resolved in
the normal way vi ere are three types of h erllnks genera

hyperlinks 863, A?‘&W‘t‘]ﬁ%h&?ﬁé‘f"r‘? a?%’%c“%’?é% in e Jecunentir s Ty Ratad SIR&nsEAt  as
shown i n Fifgunieal 88d cifngB REY. AlforhyipatideiSkreprasans d pifalee i@aice aalf@ﬂue&hsﬁmr a
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hyper | i nk B¢ has at precciatsd el 371 swhose poodepends phie app Iof tl}amr@wondufg fielWe current

sel Ieg:t i ? n &&@ﬁtamaaﬁfti@d &lu@ﬁJc&qudthﬁh a@if:uletr%ﬁﬁted tﬁﬁfms@a%ﬁﬁenm ﬁm&gﬁdagor
application may return in pa i.ving the word"s neaning

wi t hin themoé%?%gﬁf‘etﬁaﬁes @ﬁ?" dlé%f%%ﬁts m?1:[1“%%1“’[%2ansI ation into a different
| anguage. Each hlf/qm:fdrmndstanqum i saughiar atiiemilized vibgther W aformi iR haive)dibieAN 1 S
subni tted {@tde,Apy! ex@hlg@mm%u&%ﬂe&ﬁgpme@ ?&B%@Jo;ngsk&az&%n@@ﬁ% 862

records a transaction whi ch can S eCI I nstance on

whi ch t he SH)§efIfPrmbesonst ehrEehgpede sf ltflswémfswa AEstinksdns hepr @awtqdd@hﬁs' fy

the hyperlink has its “submit delta” attribute 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 instead captured in the background field 833 of the relevant page
instance. When the form is active or frozen, form submission is allowed. Any attempt to submit a
form when the form is not active or frozen is rejected, and instead elicits an form status report.

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

All input is captured as digital ink. Digital ink 873 consists of & set of timestamped stroke
groups 874, each of which consists of a 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 shown in Figure 33.
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user-specific data to the application, for exanple a "shopping cart" of
pendi ng purchases naintained by a purchasing application on behalf of the
user. The systemincludes the pen's current selection 826 in a selection
hyperlink activation. The systemincludes the content of the associated
forminstance 868 in a form hyperlink activation, although if the
hyperlink has its "submt delta" attribute set, only input since the |ast
form subm ssion NPX033-SG 24 is incluyded. The systemincludes an effective
return path in all hyperlink activations. A hyperlinked group 866 is a
group el enment 838 which has an associ ated hyperlink, as shown in Figure
31. Wien input occurs through any field elenment in the group, the hyperlink
844 associ at ed wifeld ekient gtSaapbeiashaakiok tield &1, a téxt RgIPHETS| 4 dadean}; f3lIBAP ocan be
used to as Bagar| I L o R il S . gkbox. It
can al so b%ggﬁdsugglgdl n corﬁelgﬁgrtn?]gﬂ%\gm&%g%wa Fln%% leqé #? t}]“g@ﬁat ta% ute of a

f or m hyperd fiefks zore8 isyapignefiio 18 fiel-nuous i nput to an application. It can

t heref ore be used ch®kbos GAP B4stan assoddhea bkh@ar e dsNtRGH ln%ufmeAny rﬁaﬂ@ wher e
Forns A

input is tured and therefore shared as occurs. 2
form det | Hatat S Epteon BT oRE ey BB B SRR AR 2t S C I THE 6 r el ac e
“set of i npreessignddie befidd’ avaped nt ed net page. A formallows a user to subnmt

one or nDre par aERLEHSIa A Hs@RiRkd RRL 0P 88§%§ Lﬁ@@ﬁeﬂ BLAYEAML WAkNg. on a
server. Aform867 is a group el ement 838 i'n docunent hierarchy. It

ul ti mat el y2RIGRT Bizdext &elééfﬂone &fau{"@?tﬁiilﬁaff’n‘fﬁteélmte@l V@rﬁ@h&eémgiwtmg/xeqowvﬁﬂi nst ance
868 repr esants tat P hdsiateddo the §laR CAucOOnlfe h@ﬂ\kﬁtmg Fec@AisH ﬁt“su mﬁtérstaoﬁ(ege of field
i nst ances i r nd t iel e t 5 of orm Each
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of the corfexptoni HBEE Tebsections] endatem Anlykis ﬁlildeMdctﬂﬂallureﬂlgee@oNdlsUl Npét through

a parti CU'zﬂfgu@[%ﬂt&@oﬁt&l&rﬁhﬂ&t@é}ﬁ%m uaco@era&mwaﬁrefefaﬁcepr nmore printed
net pages. The form cl as ram.is, shown Each form i nstance

re 3
has a status 872*WEF&H eﬁ?ﬂﬁ a@*"gc‘ﬂﬁéjﬂgi‘f%lrmg’f‘q’?’ée ‘f‘%‘F i &S é‘ﬁ‘?l%g”r??f To9%N,
submi t t ed, digital igk @ptue piarsgdaturAidldly #né 8 agobativaly whisinl \fnlhl’rSSEJecpfoltlr&tuﬁ:dutyéf form _
becomes. f rZRRORHR dd, ahé’s %@w&&qme%fthgréme&z@%%% %Jhﬁ beG@GE gne. Of 1ts
submi ssi on hyperlink 8en activated, unless err' as its
"submit derteEtedand FSFIEIE??@ de field'a vilyy ﬁ*ileb‘b@tﬁlrm@afvfsllsdg%@%’ ltshé ﬂi\gspeﬂr userpvokes a

void for rﬁm&teﬁ@amlfeqwm&rﬁc%mé s BdaBonf Ao RRAR HGANTDRAE sigrdrf QMR €S When
thetlrreth Engg g)een arc?:ilveecee t he orrﬂS eC|f ﬁlifetime.
“’fs % °

Wil e the ”¥ ESXAPRE HATREIOR § 8294t 8\ A”I“WBH‘E ?ﬁeo&a AT or m
which is rod Wlld@tlﬁc@umnsﬁkaﬁat@aptharﬁeﬂ Parterh [Recogaitdag VoLzAdNS.2,el980, 833 of t he

r e' evant p:@lg&ts o'fQﬁt:@d?@l%rem%@ﬁo%@@b}fcQJs@efe?en& tl ve or fr Ozen for m Sme SSi on
is allowed. Any att ldrrgt to submt formwhen the formis not active or
N

frozen is rejectedeldgiiget fididdel & |ht51fiins atgibute dy sy 4tiddadfickesmet does not

have an input zone on a page and does not accept input. It can have an associated field value which is

included in the form data when the form containing the field is submitted.

“Editing” commands, such as strike-throughs indicating deletion, can also be recognized in
form fields.

Because the handwriting recognition algorithm works “online” (i.e, 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-written characters with relatively high accuracy, without
a writer-dependent training phase. A writer-dependent model of handwriting is automatically
generated over time, however, and can be generated up-front if necessary,

Digital ink, as already stated, consists of a sequence of strokes. Any stroke which starts in
a particular element’s zone is appended to that element’s digital ink stream, ready for interpretation.
Any stroke not appended to an object’s digital ink stream is appended to the background field’s
digital ink stream.
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Each forminstance is associated (at 59) with any forminstances derived
fromit, thus providing a version history. This allows all but the | atest
version of a formin a particular time period to be excluded froma
search. Al input is captured as digital ink. Digital ink 873 consists of a
set of timestanped stroke groups 874, each of which consists of a set of
styled strokes 875. Each stroke consists of a set of tinestanped pen
positions 876, each of which also incl,ydes pen orientation and nib force.
The digital 1ink class diagramis shown in Figure 33. N PX033-SG 25 A field
el ement 845 can be a checkbox field 877, a text field 878, a drawing field
879, or a signature field 880. The field el enent class diagramis shown in
Figure 34, Any dbgitdlaibk iciurgiapt te édckimundafidld & titegpraadne H8eléctoragsugned t o
the field. CM&Q&%QQ%OJ@ oﬂ'ngre%aj%ct@‘fg gaétsdﬁfln% ?eQedQQE 33&{}0 Vo%lil}‘éeclr%cnbgds shown
in Figure 35. Any kK, a Cross, stro at zl gzag, etc.)
capt ur ed |‘?"|’Je§t‘s=éh@é$éﬁ%ﬁ@°‘|“? éjltedP@atE’BﬁéPF&‘aﬂH@é@ecaﬁct rue vaI ue to be assigned to
the field s val ugable sh@irissit@bedahas pamds e wak £eyhext val ue 882, as shown
in Figure 36. Any digital ink captured in a text field s zone is
automatically converted to text via online handwiting recognition, and
the text is assigned to the field s value. Online handwiting recognition
is well-understood (see, for exanple, Tappert, C., C Y. Suen and T.
Wakahara, "The State of the Art in On-Line Handwiting Recognition”, |EEE
Transactions on Pattern Anal ysis and Machine Intelligence, Vol.12, No. 8,
August 1990, the contents of which are herein incorporated by
cross-reference). A signature field has an associated digital signature

val ue 883, as shown in Figure 37. Any digital ink captured in a signature
field s zone is automatically verified with respect to the identity of the
owner of the pen, and a digital signature of the content of the form of
which the field is part is generated and assigned to the field' s val ue.
The digital signature is generated using the pen user's private signature
key specific to the application which owns the form Online signature
verification is well-understood (see, for exanple, Planondon, R and G
Lorette, "Automatic Signature Verification and Witer Identification - The
State of the Art", Pattern Recognition, Vol.22, No.2, 1989, the contents
of which are herein incorporated by cross-reference). Afield elenent is
hidden if its "hidden" attribute is set. A hidden field el ement does not
have an i nput zone on a page and does not accept input. It can have an
associated field value which is included in the formdata when the form
containing the field is submtted. "Editing" commands, such as

stri ke-throughs indicating deletion, can also be recognized in form
fields.
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Because the handwiting recognition algorithmworks "online" (i
access to the dynamcs of the pen novenent), rather than
Wi th access only to a bitmap of pen nmarkings), it can recognize
discretely-witten characters with relatively high accuracy,
writer-dependent training phase. A witer-dependent nodel
automatically generated over tine, however, and can be generated
if necessary, Digital ink, as already,stated, consists of a seque
strokes. Any stroke which starts in a partlcul ar elenent's zone
appended to that elenment's digital ink stream
Any stroke not appended to an object's digital ink streamis appe
t he background field's digital ink stream NPX033-SG 26 Digital
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The system maintains a current selection for each pen. The selection consists simply of the

most recent stroke captured in the background field. The selection is cleared after an inactivity

timeout to ensure predictable behavior.

The raw digital ink captured in every field is retained on the netpage page server and

is

optionally transmitted with the form data when the form is submitted to the application. This allows

the application to interrogate the raw digital ink should it suspect the original conversion, such as the

conversion of handwritten text. This can, for example, involve human intervention at the application

level for forms which fail certain application-specific consistency checks. As an extension to this, the

entire background area of a form can be designated as a drawing field. The application can then

decide, on the basis of the presence of digital ink cutside the explicit fields of the form, to route the

form to a human operator, on the assumption that the user may have indicated amendments to the

filled-in fields outside of those fields.

Figure 38 shows a flowchart of the process of handling pen input relative to a netpage. The

process consists of receiving (at 884} a stroke from the pen; identifying (at 885) the page instance 830

to which the page ID 50 in the stroke refers; retrieving {at 886) the page description 5; identifying (at

887) a formatted element 839 whose zone 58 the stroke intersects; determining (at 888) whether the

formatted element corresponds to a field element, and if so appending {at 892) the received stroke

to

the digital ink of the field value 871, interpreting (at 893) the accumulated digital ink of the field, and

determining (at 894) whether the field is part of a hyperlinked group 866 and if so activating (at 895)
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optionally transmtted with the formdata when the formis submtted to the
application. This allows the application to interrogate the raw digital

ink should it suspect the original conversion, such as the conversion of
handwitten text. This can, for exanple, involve human intervention at the
application |level for fornms which fail certain application-specific

consi stency checks. As an extension to this, the entire background area of
a formcan be designated as a draw ng 2%i el d. The application can then
decide, on the basis of the presence of digital ink outside the explicit
fields of the form to route the formto a human operator, on the
assunption that the user nmay have indicated anendnents to the filled-in
fiel ds outt¢ decodted hyseink;i glegistivellri dpterreinidd (§heRas vehethtrowe hatattaf elbdi@t pr ocess
of handli ' t t t e SIS of
Fecerving Carragh Y g PLRAYEs By 3 REARARR, ol 16 B ESEISGEITHEE: Dage

i nstance gBgmatvey.ihthe phserseofa dusvy fioldsp hyperliphs appsnding ke 3P0 fheregeivedstrpked/i ng ( at
886) the pageasidesE bi B bokerind @RI indl Beyideakt 30 B8R re@ivE DRt el shgpENt 839
whose zonesei%giimt1 SLr oke inter SE(tItS' tht er.m ni n‘%’gat 888) whet her the
formatted SFaRBRT COF FESHEHIE TEa4 P e 8 R@AT and i f so appending (at
892) the recei vebiggt B&ksowoa ddidiled Hivghdradf siepl89Dfn thdprofebsedhalvnvialFigereSR1,

i nterpretifge(Rd acldladi M RGRUL i@t Phecdrl R el d
determ ning (at aElsc94) \3vhet er t(lt;?é!1 r?e?cgﬁdﬂt%l%&&g%# %&gtﬁ{/%%r{fit%kﬁe& 'gir?eoup 866

and i f so BECPFIPPRGT fatmisys fat 8R¢) phefhes tngcebids o Wheckbex andi (it 889 Wipberthd nk;

al ter nat i vadiyl e treresnii n@edatrk 389 )if whatiefy Gh®sf o roRtireto eheefBrNTalue;
correspond . erlink e t.a i.f so ti in t 8 he
correspon ?tﬁégﬁ%ﬁg%or?ﬁwg L g%t) éﬁr%%g hefy = ¢ %Xttf%gl aé%%es‘r)l(‘::evo ga(?ltggﬁhptﬁﬁ field
or hyper | i dital igltp emepiviarfertanith 8 dlp ofthe appremialy eqtistationtesvet, end agsiyeinglfatfoial i nk of

t he backgriddaghvefiédabrlpdds @xt 1a1he Q@ P¥Ie Bterb Alel PRItmtiBE (of RELINGL 1RldeRKE tO the
current selecti 8@ %Z%Pof the current pen, as maintained by the

regi st rat i GREEE YL P §EritEnsay b deta e g Figaptur Suke REryova Windly 893 in
t he pr ocedslpsiitwmappraprifie gisteti@Berverndrantise (h@4acdgimyiatted oflhgidn@hts bitke of a
field is i i Jeld The .process
consi sts o?ﬁﬁé@gg%lﬁﬂ?’ﬂagsg?@g ‘%g‘%&’%&%@%ﬁ%‘?{ﬁ? IH%RF % %'?3&? Lkl?elpecr:1 Neckbox and (at
897) whet Hignatirp ey relitigg fodhe dontspending arpliqatian, and etvigeikmitar 905) thadigief sisssura®si gni ng
(at 898) andficwsamal ue to the field value; alternatively determ ning (at

899) whet thefield is a text field and if so converting (at 900) the
digital i%‘?o B ﬁeé‘feff%aﬁ'f“a"%th the hel p of the appropriate registration

server, and assi gmengefatco®dnd is § hennpohwaith 8chasitdpachids byt texpagt erieher fi el d
val ue; al tgrnaldvel ¥, gl ﬂgmaﬁc‘lidg‘glm%tirﬁt%&g whether the field is a signature
ifying (at the dri

field and if so veritying 03) digital ink as the signature of the
pen's owner, wi tHPigREVR@MFato0Y pra baprribiprt wnearddgs. ¢ drnicdtfarmseempand,
creating (sa9, a304:)foh ddinghladdanl10,%i Bl Kidus Qbmihdd@ 9 CIQ R iglta%e Rbe doMBandBAL €Spondi ng
form al SC%es\é\{l tahe éoga.xenalb %19 EPf ttpgstgeglo?l}n{a%{ élgn guekv%rd and us| ngm&t h? pen
owner's private ©C&GHat or &8k B FETRITEE 0 't h& Ptk BB sHEPRE™M 5 ht i%cat i on,
and assi gnespiglo¢umentQ@Ehand P, atia getidedumerit sprtestcommand § 17, tvhoviniieFighry39l ue.
A void form command voids the corresponding form instance. A duplicate form command
voids the corresponding form instance and then produces an active printed copy of the current form
instance with field values preserved. The copy contains the same hyperlink transaction IDs as the
original, and so is indistinguishable from the original to an application. A reset form command voids
the corresponding form instance and then produces an active printed copy of the form instance with
field values discarded. A get form status comumand produces a printed report on the status of the
corresponding form instance, including who published it, when it was printed, for whom it was
printed, and the form status of the form instance.
Since a form hyperlink instance contains a transaction 1D, the application has to be

involved in producing a new form instance. A button requesting a new form instance is therefore
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1.7.3 Page Server Conmmands A page server command is a command which is
handl ed | ocally by the page server. It operates directly on form page and
docunent instances. A page server conmand 907 can be a void form command
908, a duplicate formcomand 909, a reset form conmand 910, a get form
status command 911, a duplicate page command 912, a reset page conmmand
913, a get page status conmand 914, a duplicate docunent comrand 915, a
reset document command 916, or a get dgcunment status conmand 917, as shown
in Figure 39. A void formcomuand voids the corresponding forminstance. A
duplicate formcommand voids the corresponding forminstance and then
produces an active printed copy of the current form instance with field
val ues pr esgrallethplefigedeoplypetiot ai ns t he same hyperlink transaction IDs as

the -original, a!&%?l%at&: Sagk Qlhednl B:%Hdc&haa&ln%ﬁe p(}rE‘fthQ%or%:é]ﬂggdl&%fa%riﬂstﬁn

appl i cation. reset form command voi d corresponail ng m | nst ance
and then p‘f’lg‘dl!t’c‘@ékgé’ﬁndaféeﬂq Pl peteprd df thoppge @pweheforfww pasef ariee. Winttee i el d

val ues di sauglicde thagePcogfifand B ifleStrl US aCRPRRID do! OFHAGRS /A rdddti pateL&ninBROrt on

t he statuso the rres ding forminstance, includin ublished it,
b1 o iepeSieds el o8P BOBE Dlksf BT o2 BGS wii e Bt Selite of Che
form i nst a@‘rmededSifﬁleeagacctn@nmﬁayrpetibpantl@faﬁmtnahm@wmm)a@en@nmdtsmlaeed on I D,

the applicahiQh didSohRaddCa gt raygqls%{ﬁgcanﬁham%t@sagnﬁeﬂﬁwﬂ Rullshistance. A
button requesting a new forminstance i s therefore 033-SG 29 typically

i mpl enent e‘iﬂ“%?g""ﬁ‘“hyiﬁér‘?sfaﬁ‘f? ingludiigy o P Esherh frevhed s dripieh dercdsmalt 7S nt ed
copy of thﬁmﬁd}lﬁﬁcﬂﬁepﬂﬂdbf@yﬁ:&@&tdoﬂ&hs&ﬁ&@anw th the background fiel d vaI ue

pr eserved. |f th%hen%%geqont ﬂ% %‘ (())r{gr]eornetpa usua]l ass 1aIeQm%adu ‘laic te
dupl i cate page coma terpre &u |'TCcate Tormco A reset

page comrenig elegeduces a printed copy of the correspondl ng page |nstance
with the bac kgr owngh Jﬂag‘é 1@ M@upliics 6K B8fvankd rtsaeedpﬁe@@va&%?ﬂedﬂ] form or

is part of a faor set e Co is |nterprete as a reset
f or m conmehd. “355\"6588’?“ b%gaeﬁ“g‘%ﬁfrgﬁp@?fgﬂ‘ghffmﬂ%ﬁa@er%a%g ‘ntWd=¥ BP6¥E 2%n t he
stat us of thket texxodnhedpomnd rrigigpage abratianhaegriginalGbrodwving sighaurpatbdmpatied it, -
when it V‘%a%ﬁc@?d%ﬁpmcfBﬁl%aﬁﬂgmc%stsfu}’@gﬁamgwn%a?&}] and the status of any forms

it contains or Is part he netpage | 0go whi ch appears on every netpage

i s usual | y assoc# gtdigetgfoctnegt @oprideatdaces p atpicdepiad fhe congpondiag doaugent nst ance
is dupli Cdﬁs&ﬂceV\ﬂth’lbafckg&ludd Yialh UeiGesrR& 04V ECthe HdcBhht u@tmuesmyat&mprmeatﬂed in

their natlv 1Cftorn‘{l 3 ndccgjeﬁ:knn k.a rs as a grﬂga%g
gr aphi c, PR 15%%3’%’ PEEH %@F‘Pt“e f SamfﬁvlaX/a i &eﬁat ures
appear in ﬁt heedt docgmeéng cewgchand prodgeesd frinted cmy@tﬂatmmess;@amgrﬂmmwdnstdnge withst andar d
ar aphi c i Mékﬁ@hﬂdnﬁids%%g §i§cfa1'ﬂLd. Sff 40 ﬁ&cﬂﬂl&t \é&ltajin];iaﬁ)ai‘o-&'xﬁ)s? then the reset document
command resets the forms in the same way a reset form command does. A get document status
command produces a prinfed report on the status of the corresponding 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 operates on
the page identified by the pen’s current selection rather than on the page containing the command.
This allows a menu of page server commands to be printed. If the target page doesn’t contain a page
server command element for the designated page server command, then the command is ignored.
An application can provide application-specific handling by embedding the relevant page
server command element in a hyperlinked group. The page server activates the hyperlink associated
with the hyperlinked group rather than executing the page server command.
A page server command element is hidden if its “hidden™ atiribute is set. A hidden
command ¢lement does not have an input zone on a page and so cannot be activated directly by a
user. It can, however, be activated via a page server command embedded in a different page, if that

page server command has its “on selected” attribute set.
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A duplicate docunent command produces a printed copy of the correspondi ng
docunent instance with background field values preserved. |If the docunent
contains any forns, then the duplicate docunment conmand duplicates the
forms in the sane way a duplicate form conmand does. A reset docunent
command produces a printed copy of the correspondi ng docunent instance with
background field val ues discarded. |If the docunent contains any forns, then
the reset document conmmand resets thgyforns in the same way a reset form
command does. A get docunent status comrand produces a printed report on
the status of the correspondi ng docunent instance, including who published
it, when it was printed, for whomit was printed, and the status of any
fornms it cbitai nSTANPARD FraTyRES OF NEIPR@ES commuand' s "on sel ected" attribute is

set, then the commygreg%r@tr@%amaptgaqsm&%tlﬂetnettetﬂ m%gloggattqﬁteboas—‘al s current

sel ectlon rat her than on the g e contal ni ng tﬁ OWs a
?56

nmenu of paflcaedha)dris @ artpaghal haclere hyr iplpdiye ptoreﬂteheThféﬂggetwpfan@ acfeBs N’ t

cont ai 3 a lﬁtﬁ@eln R M EE pre@ﬂgrmad)gteﬂ;redﬁedad Tac$@rofﬂ19§ag6|3§lhgéh@€&‘df&ﬁ9§e tﬁﬁtsﬂ/er
coman t he I r Al icati rovid

appl i cati dn- @f)eééf?py ¢ chlf?t“él %‘ifdoué% & %Ilnf 19 Cﬁﬁélocru@?g?\f‘éﬁ ?)gég or “S‘)@?‘\?er
command el tntien dligitsan Wb@mr:fwl@eﬁdact}prom pagehe page server activates the
hyperl i nk associ @ﬂeedifaul\(\%lﬁé]e Ea@@cé}b}‘%& dnrﬁ<§delgf ﬁféglyrlﬁfttﬂaerrele%t]%tp %%%%Et I ng t he

page server comrmand ver caommand el enent den i
"hi dden" afF St?ﬁ‘t“ﬂ"‘?pé’ﬁg‘é‘t"m"’bﬁ?Wﬁ?ﬂlé’ﬁl‘m%%?ﬁﬂbﬂoéf%iﬁﬁpp&%gn not have an i nput

zone on a Page adserHELESWSTEM be actl vat ed di rectly by a wuser. It can,

hovever, be act ;_)iaﬁa}ité)?ge&é!i me%dﬂtr)nag e \z{%rpr terrg;?a smsgeel ncl 3)911 Iflg}? bt f er ent

page, i f t hat server comﬂan g set.
NPX033- SGIB@SCMSIIC&TN\M F’W@P@@L@’INNEFPAGES I n the preferred form each
netpage i s pri nt@qlswgnnteltgagma@,tlpage |l ogo at the bottomto indicate that it
is a netpage and_ therefore interactive properties. The | ogo also acts
as a copy - butt dif™ SP{P“H’B"SCP“SB“&%& pressing the | ogo produces a copy of the
page. |n tshe cagep-lofel mlifmamm the button produces a copy of the entire
form And.in the case of . asgcure docunent, such as a ticket or coupon,
the button elicits an expoi anatory note or advertisi ng page. The defaul t

si ngl e- pade copyorkrbrengss eotkdivettosd directly by the rel evant netpage page

server. Special eRmYp tGhkdvRBS: rLchtanth@fodNwhd (KMOLE gtaét%yémggo button to an
application. 1.9 U ER HEL P SYSTEMCL!]HGS‘%}%,r ef erred enbodi nent, the netpage

printer has a si S8BT CGHOM SR pllgeing (ypgiigns: pressed it elicits a
singl e page of ipmhiGrenmtdf @dgeurhanc| udi ng: stat us of printer connection

status of ,print %tcdqggrpmbéfg%m
. print the status of a document

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

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

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

2 PERSONALIZED PUBLICATION MODEL
In the following description, news is used as a canonical publication example to illustrate

personalization mechanisms in the netpage system. Although news is often used in the limited sense
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top-level help nenu docunment function nenu top-level netpage network
directory The help nenu provides a hierarchical manual on how to use the
net page system The docunent function nmenu includes the follow ng
functions: print a copy of a docunent print a clean copy of a form
print the status of a docunment A docunment function is initiated by sinply
pressing the button and then touchi ng any page of the docunent. The status
of a docunent indicates who published,;t and when, to whomit was
delivered, and to whom and when it was subsequently submtted as a form
The netpage network directory allows the user to navigate the hierarchy of
publications and services on the network. As an alternative, the user can
call the ndnpagecried workagiB00twsntherpended Scyelih byprpag esitexaindidepeak to a human

oper at or. The op&! ﬁlE %tpﬁg@rgyété?rpq{leee&tgﬁal qgrﬁén‘ ?11% EQ%H\FERQ%%%&Q nt opgtn%w t to the

user's printer. Depending o docunent type fer or the user
pays the sH?ﬁlFOP“oﬂ"%wFleﬁ%fbé%ng @éf?rw dschapigns. Tihe eﬁl@rlgi age i gerepelizedis| y
unavai | abl fcdrdingt tlaehepﬁdeztsearxpmcmyu&&bla@d ﬁ@h@ﬂy &bturcll thtdrRi §rofD@SBe Li\Brtisingr I OF "

light is lit and th er ca di agnosi s over the network. 2
PERSONAL | ZE %ﬁ@ﬁ?@ff}%ﬂ@ﬁﬁl ‘f lo?aﬁfyl SR HEScription, news is used
as a canomd-tal pEUT@%tHEBWhe\kIMTMNe toillustrate personalization

mechani sms i n t hg JALLRAAE: ¥ bl 1Akl ARMG @ou%@m&e%hap&eh\?epn&%glgahkﬁorhhe
limted sense NPX033-SG 31 of newspaper and newsnmagazi ne n

i nt ended SPHPES ﬁattq‘?lévebf“’é@esﬁfanﬁowp’?x%ewﬁ ubficatiors arg eerogredhad pdid eyt em t he
editori al Iﬂhblnht&,nheuﬁrbdeeﬁrheirea@gﬁgittdSh{hg' BoRtnewd pﬂ)ilshar Bews a spdthlideg atdon are

per sonal i ZE% é‘iﬁ)&' r}%wg F‘Ebllga’[nglgttﬂnca )!:] caogrleesrsppnd to-ltzra?mona ewgplaaélrs a(1:1 %Eu%%g%a%}% si citl y

personallz accord e rea S ex state
capt ured iWtlepws ﬁtrepmmap pemany byl vardider ‘rave ineigp feeé @nme mewsisgviprep sadnal siriped

accordi ng ﬁe@laﬁc@&nﬁﬁ@d@%ﬁn%&éﬁﬁ@hﬁlfe% R, &%meapmrp&ma% 1 EDI TORI AL
PERSONAL| ZATI ON subscri can draw o nds, of news sources: those

that deliver news™gtiBf§ecy lici‘)t}‘fg Se”eéﬁ‘ﬁ’p?rﬁotgeepvtﬁh‘ﬁ‘cmooélcfh%r“e‘ﬁ‘-‘e?)dg licaionsasrs . Wi | e
news publ ivedtdsghs agregatiag gf @gbible chean elrearcl. By thahdfing e aggwgahonshﬂrhenoaams streans

are aggr egﬁ@ﬂn@&*nge&ftngﬁ{ sh@&fns%el&?&%xr&?g g;i ?Q?eﬁdep he Wrv@ i SBRG @Lc‘a vert1s1re1 S

aggr egat or I cations typ y correspond to t
newspaper PHAAH Frifedas no edippriplgonfelvs streanms can be rrany and varied: a

"raw' news feed fHODbBHIEVEIAS @ dMilyCRwsRApeE B sQAnS bifel ) \moPe contributing news
publications, and creating a personalized version of each. The resulting daily editions are printed and
bound together into a single newspaper. The various members of a household typically express their
different interests and tastes by selecting different daily publications and then customizing them.

For each publication, the reader optionally selects specific sections. Some sections appear
daily, while others appear weekly. The daily sections available from The New York Times online, for
example, include “Page One Plus”, “National”, “International”, “Opinion”, “Business”, “Arts/Living”,
“Fechnology”, and “Sports”. The set of available sections is specific to a publication, as is the default
subset.

The reader can extend the daily newspaper by creating custom sections, each one drawing
on any number of news streams. Custom sections might be created for e-mail and friends’
announcements (“Personal”), or for monitoring news feeds for specific topics (“Alerts” or
“Clippings™).

For each section, the reader optionally specifies its size, either qualitatively (e.g. short,
medium, or long), or numerically (i.e. as a limit on its number of pages), and the desired proportion of
advertising, either qualitatively (e.g. high, normal, low, none), or numerically (i.e. as a percentage).

The reader also optionally expresses a preference for a large number of shorter articles or

a small number of longer articles. Each article is ideally written (or edited) in both short and long
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freelance witer's colum, a friend's bulletin board, or the reader's own
e-mail. The netpage publication server supports the publication of edited
news publications as well as the aggregation of nmultiple news streans. By
handl i ng the aggregati on and hence the formatting of news streans sel ected
directly by the reader, the server is able to place advertising on pages
over which it otherwi se has no editorial control. The subscriber builds a
dai |y newspaper by selecting one or ngre contributing news publications,
and creating a personalized version of each. The resulting daily editions
are printed and bound together into a single newspaper. The vari ous
menbers of a household typically express their different interests and
tastes by Beisécwpmg tdhi frdfeeent daily publications and then customi zing them
For each publi Cahh QthcIcth? afsg @g @vhttéﬁl:&nl %QA) i dlﬁgrLrE %&o;%ﬂ? 9:! Icfl ﬁle e?pegtecp ns. Some
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announcenent s rsonal "), or for npnitoring news feeds for specif
t opi cs ("A?@?F@m“%ﬁsmw%?F‘ﬁWﬁﬁgmfm”¥%?séﬁ@ﬂ“sectlon t he reader optlonally
specifies its simBectiistihes it Gupbrodriat, ivabader(rly OptiofllPérable colludiativa filt@ing] ONG) , OF
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proportion of I'si ng, er qua | ow,
none), or lirvepieaiitring (spriated yih fat%é'ldié?emtégeyd Of“m‘?@ﬂlclea“dle foutahmn mleda) nal | y
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nunber of Io ger articles. Each article is ideally witten (or edited) in

bot h shor t*'§Ifd |l ong NPX033-SG 32 forns to support this preference. An
article may al soAttieleswwith high pfioditieedid @ahit lifeiinds hifeeth@efbre \e@ESivedN SorkiBergdat ch t he

expect ed ~ 3QPR S g%wﬂmafsa&md@ﬁ@%{om@fﬂ%&v&a&@dﬂwﬂﬁeg0 provide childrens

and adults' versions E{ro riate version Is selected according to the
reader's age. Theherederewpticnally ssgselics 1 seraadivipvelaedirniithagualitpiralicle- ot dekas gon’t
pr ecedenc &u@MRine, Rhnekdaly. Ak AdrerdP Ry fa&&ﬁov&éf'stth&in@ﬁolwﬂde@ For Hiﬂtklﬁng%n&a(:h
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subscri bertst the raadegs sp@mﬁetdyapamyde ldlffersmbfrexdtnty Botepacie spoified foadifférent Hays bthe
subscri bertﬁ,ewe@lgll tions. In sections where it is appropriate, the reader may

optionally enable collaborative filtering.
The reader also optionally specifies topics of particular interest within a section, and this

modifics the priorities assigned by the editors.

The speed of the reader’s Internet connection affects the quality at which images can be
delivered. The reader optionally specifies a preference for fewer images or smaller images or both. If
the number or size of images is not reduced, then images may be delivered at lower quality (i.e. at
lower resolution or with greater compression).

At a global level, the reader specifies how quantities, dates, times and monetary values are
localized. This involves specifying whether units are imperial or metric, a local timezone and time
format, and a local currency, and whether the localization consist of in situ translation or annotation.
These preferences are derived from the reader’s locality by defauit.

To reduce reading difficulties caused by poor eyesight, the reader optionally specifies a
global preference for a larger presentation. Both text and images are scaled accordingly, and less
information is accommodated on each page.

The language in which a news publication is published, and its corresponding text
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This is then applied to articles which have a sufficiently long lifetine.
Each article which qualifies for collaborative filtering is printed with
rating buttons at the end of the article. The buttons can provide an easy
choice (e.g. "liked" and "disliked' ), naking it nore likely that readers
will bother to rate the article. Articles with high priorities and short
lifetinmes are therefore effectively considered essential reading by the
editors and are delivered to nost rel gyant subscribers. The reader
optionally specifies a serendipity factor, either qualitatively (e.g. do or
don't surprise ne), or nunerically. A high serendipity factor |owers the
threshol d used for matching during collaborative filtering. A high factor
makes it noraling] ik elpyopdriyaf tht b@liwﬁrr@s;n@tmcﬁreigerseecbieﬁmNyithd useHévevdretle to the
reader's s or. can be

speci fied %ﬁ%&ﬁ& ?E%%%?gg%%gdofghﬁaﬁ&ﬁﬂﬁiéﬁﬁﬁeg%gg é?va S5uo%t|onally
speci fi es #8pi CSABYERﬂi'a'I"?i—@?ﬁ'—&ﬁT'?N"@rTégﬁETWGt hin a section, and this

nodi fies the pri ohd pér@saiasich Gned MOrtah%or&Q! B&rcﬁy aﬁéaﬁ tﬁeps‘cﬁzeln&ig &Jﬂf%mr eader’
| nt er net connectl on affect the qualit del i ver ed

é{ can be
The reader6PtS BHATT syaely plagd %Plglfﬁlfg {5’8& 8‘}“”‘1‘ gwgﬁ gL el | er
i mages or that hikely o appdaeinraurad rsecton iz dsepthierd. I(Thg egduei f theatlitarielcksated to adhen

| mages nayadb&hs@u%kcﬂd‘ﬁ%&e%i’e ﬁtt.he p%m{er) %EE"’H) 1tst a\élh()) to Sttractl ge Jm%%g 01r rga%QL ﬁlrﬂ‘l & or wi th

greater conpression). l'obal” I'evel, the reader specifies
quantiti es’ H‘&f"%@aph{cf rres and nonet ary values are localized. This involves

speci fyi ng whet hgffecum idverfing is rARRED &l marbagmt)f Edaaht)aar{doﬂbﬁiogrﬁﬂhﬁﬁzmﬁityand time
f or mat , ancfj a .| ocal ”er;l{i%ul and. whet her '@ zati on cgnsi st of in
er EheEEe

situ transl St on p(r)‘)rm};l1 NOtPAT T OR. ViR SEUST & U2F &UEEF Ve §OTFBin t he
reader' s |astaibted yitthe ldet comimunity Bod memeﬂent rfeeaidgrﬂrglcddeftdnrﬁememrés'nmatasaﬂ by poor

eyesi ght, l;r&@cug,g@ggeagwgpgsq@gasbgn}{mg%%;l es a global preference for a |arger
presentation. Both text I mages are scaled accordingly, and |ess

information is aéd’ﬁ?ﬁﬁﬁ}i@%‘cf Bt %r&‘f‘fﬂ’]ep%fﬁqé“’t i AdyerisipgyRrge- 1 Arulfiiessicpah ews
publ i cat i omtity setprulved Bhelpubitadon’st SogPhit esp@AL ihb gzd @it rhlRXEB Sits3€ad@dhipencodi ng,

is a prope({ehlggr%g%g %&%Q%a?e%&aﬁi%l&@r%@%lt a preference expressed by the

user. Howev stem can be conf i gured to provide autonatic
transl ation ser vlnctbesneitmgwsaﬁtiﬂ@u%e Bytprgsayblicption sAMVERTINGE NS apr@GnatZadi-ON  AND

TARGETI NG d-ﬁh@LSIpfﬁr signet d guatldafm sOftcdbiCadOGidd AL of QHedbtioll bERCLkM; aff ects the
advertisin con ecause_adverti si gsg%sl S ty (%&ﬁ]gl ly placed to expl oi t

the editorfgii¢ E’n‘f %&‘ianon'lsrgif’/%?p hig §averape, thea Rl f &2 th‘?rﬁ‘Feeo Ifiaﬂ’erle%?lertso appear
i N a tr avekctioeslitiooradhhaer's hdvenikigypeoporfitig andahdheeaddr’s il gaphid ori al content to

an advertiser (ﬂxrbgmbi?{é‘cfn%ﬁ’lro%lei Qecﬁi‘ﬁh%‘ﬁieg% SHRR bS8 Ldlerdidi HRLLI Y tO
attract | arge nunbers of readers
mned in greater detail, and allows smaller pieces of it to be sold separately. It therefore allows it to

be sold at closer to its true value.

For example, the same advertising “slot” can be sold in varving proportions to several
advertisers, with individnal readers’ pages randomly receiving the advertisement of one advertiser or
another, overall preserving the proportion of space sold to each advertiser.

The netpage system allows advertising to be linked directly to detailed product
information and online purchasing. It therefore raises the intrinsic value of the advertising space.

Because personalization and localization are handled automatically by netpage publication
servers, an advertising 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-efiective for publishers to deal with advertising aggregators than to directly capture advertising,
Even though the advertising aggregator is taking a proportion of advertising revenue, publishers may
find the change profit-neutral because of the greater efficiency of aggregation. The advertising

aggregator acts as an intermediary between advertisers and publishers, and may place the same
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ri ght denographics. Effective advertising is placed on the basis of

| ocality and denographics. Locality determnes proximty to particular
services, retailers etc., and particular interests and concerns associ ated
with the local community and environnent. Denographics determ ne general
interests and preoccupations as well as likely spending patterns. A news
publisher's nost profitable product is advertising "space", a

mul ti-dinensional entity determ ned ky the publication's geographic
coverage, the size of its readership, its readership denographics, and the
page area avail able for advertising. In the netpage system the netpage
publication server conputes the approximate nulti- di nensional size of a
publ i cat i onlvstissatne@iplubipla gutdicdtiosi Ng space on a per-section basi s, taking
into account theg.nubl r.aphi t he sec n
readership, the glze o%&ﬁghﬁnﬂgh g@ggﬁRE@%F%%%%%l zmbemmﬁco %?gé & s
adverti si nireproprts myplicationd t@‘ﬁtﬂﬁalrce'a’é?mﬂﬂsbeﬁ’émmblmtwn Slaﬁwersl@lng)a)mes&)n with

ot her medigore amme\m@g@oﬁm@m AnhpRiied JPRcoBENiBHs b HEAUIRRBGE ivarilify defi ned
in greater_ det ows snaller gtjtgces of it to be sold separately.

I
It theref of&® %ﬂs 3“918516 U5ePreEicd e BFPARD SR HPITes tae uatomplest
exanpl e, tsha)os:iﬁqe thagveedtiaging ginclglingt shppoanfob eut@ied duetionably advgtifiizofpadet i ons to
sever al qq}f(ﬁﬁa&rbns %rﬁ:mcxﬂrl)hdejsﬁgfevﬂop‘:ﬁgl Iac&%gtegfsadvgﬁ’sgtﬁ%tsr %&Ogdmyratg % qi vi ng t he
advertisenent of one advertiser or veral [ preserving the
pr opor t i orfMSFNEqfdicemes ikpseralkos bighly lpgelipadiadisttiserpiie net page system al | ows
adYert|S|nghto bemkmm&ﬁﬁmdhiﬁﬁd&gaﬁ@ad&hﬁg&@dr@&QﬂyﬁﬁemFﬁ&ﬂﬁ?ﬁk%ﬂﬂtand
online purchasin It therefore.raise int.rinsic ya of the
advertisi nge éeccér%sgt " gERIG 4 Sewérr SEREPI %ﬁ plg’ﬁﬁﬁ‘er reeh ééjﬁﬁﬁmeél'%l Hand! ed
aut omat i ca‘PIPVnthm@t p\ézg@hqau bfhiec dWVien rthes eqtneey syblicetiora ebrer tays bwigractggeegat or can
provi de ardisbdafdel b%h&ﬁ&ﬁﬁpi@l@%rré}%t ijetgﬁh@nm%m‘ge‘%@gewegemgr aphics. The
subsequent_ di sag q@tlon is efficient because it i's automatic. This makes
it nore CcoSt-ef PECHTROE M %r publishers to deal with advertising aggregators
than to dIZEttlyMﬁﬂﬂhﬂﬁmFﬂdMthlSIng Even t hough the adverti sing
aggregator is t n t|on of advertising reven ubllsh rs may
find the change pré%m?m%@% ]FWBeggug Bt %ﬁﬁgga a”mgy?lcfﬁ %wm
aggregatldwﬁwmﬁmﬁﬁvemﬁwﬁwng aggregator acts as an |nterned|ary bet ween
advertisers and pubhiosb@lomi-a@ngd may place the same NPX033-SG 34
advertisenment in I tiple publications. It is worth noting that ad
pl acenment ‘in a d@ﬁ%&@@@ {i$og ¥51Son can be nore conpl ex than ad pl acenent
in the publicaticomisddsladi tional counterpart, because the publication's
advertising spac %m&ﬁmmﬂ?da onpl ex. Wiile ignoring the full conplexities of
negoti ati ons between adve flsers advertising aggregators and publishers,
the preferred fdﬂW1éﬁm@ﬁémneﬂbag@m@@@meﬁ1pmgmvdm@msﬁmﬂm@mtowdtsdﬂw

customization information is maintained by the relevant netpage publication server.

A collaborative filtering vector consists of the user’s ratings of a number of news items. It
is used to correlate different users’ interests for the purposes of making recommendations. Although
there are benefits to maintaining a single collaborative filtering vector independently of any particular
publication, there are two reasons why it is more practical to maintain a separate vector for each
publication: there is likely to be more overlap between the vectors of subscribers to the same
publication than between those of subscribers to different publications; and a publication is likely to
want to present its users’ collaborative filtering vectors as part of the value of its brand, not to be
found eisewhere. Collaborative filtering vectors are therefore also maintained by the relevant netpage
publication server.

Contact details, including name, street address, ZIP Code, state, country, telephone
numbers, are global by nature, and are maintained by a netpage registration server.

Presentation preferences, including those for quantities, dates and times, are likewise
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support for these negotiations, including support for automated auctions of
advertising space. Automation is particularly desirable for the placenent
of advertisenents which generate small anmounts of income, such as small or
hi ghly | ocalized adverti senents. Once pl acenent has been negotiated, the
aggregator captures and edits the advertisenent and records it on a

net page ad server. Correspondingly, the publisher records the ad pl acenent
on the relevant netpage publication sgrver. Wien the netpage publication
server |lays out each user's personalized publication, it picks the

rel evant advertisenents fromthe netpage ad server. 2.3 USER PRCFILES 2.3.1
Information Filtering The personalization of news and other publications
relies on gebabradmnitiatenitin bé sams @ny- speci fic profile information, including:

publ t.cation cust ol @l e ok Bl ARAIAL] oLt LB 8inY PPl Smaceello

details presentation preferences fhe custonrzation o fcation is
typi cal |y Wb cagetieanf sfyething slics ameprsges! tmfv@natlemslpwdztapﬁt@rh gemleurmmtal on is

mai Nt ai nedstday, hddge lbﬁ:]fe@é{@nédud%%np&gl@ahﬁﬂw deﬁﬁme@ghcﬁ@rageerange AdsRbhabgrative
filtering vector cﬂgy sts
r

g user H{I]Qg?ﬂ a nunber of news itens.
It is used to cOPr&ralEs ?f’%’?sgﬁ‘f re"%ﬁb?eéson @"S’E‘ Lr pFrEpEPIRPSdies of
maki ng r eciofmmehdiaisi naigained| tyhibel gdievartt hetpeze argsub@nekivers It te nbiendeadfniuely a

singl e col}@horat LiElild LEb: ARG mﬁbds@@?tﬂ?ﬁ%?ﬁl’ﬂc RlocR0Y %& il ar

publication, there are two redsons IS nore practlc to maintain a
separate VARPOIPHddeach publication: there is likely to be more overlap

bet ween the vect Bics vaf, psnPpEmEd APhHiGLEInréviRRY ﬁﬁmﬁphcaﬁfdﬁ) ksl aGsiin O ci“kﬂalﬂlq@aet ween
those of SH&%?&:E' gn%t;gagg }etélstrea Ioennstmiv Ubllnltacx: attﬂe?‘e ?Stiops?} 18 Feﬁ\&&p lillgmle;r%l %?tg Iogf'g Is likely

to want to presen WOt ve "bart of
t he val ue Tgures 28, 33y ahepd %ofortrwsttreﬂonfpemwds @lrgiskee fiser spEad! [kimd of aptplisagorf i | t eri ng

vectors ar&ovgdalegﬂafaq,mwgiolggag@blgltkg,h@pdgplmmghe rel evant net page publication
server. Contact i ncl udi ng_nane, street address, ZIP Code, state,

country, tel ephoﬁ% “ﬁ‘?ﬁ apybe “éﬁhémé‘il BHysA Anpgratbe b PERersiNg 25¢ eechptinst Bihed by a
net page r efjpw byatunign o3serye luse iPERS edet Bk i aﬁglq:xreameprem &S66),Itcﬂﬁ1|ublﬂieﬂ@hch}h ose for

quantiti eémblﬁ%o ssargiagwgrgcpgﬁdejfaﬁftexr 1Lt§a‘[§'%’¥' nte PXO man§ :?ehgar %QO the 3 m er
mai ntai ned 1n the sane Z |ono ver I S1 ng reI I €S on the
local ity ithenedabishthe pretiniaterpeiing. The geoiet pens trarktofivhich publighers agiser bas attharigastt | ng of
adverti si ngprifkd BSusa dRRESHARL. Al JubiRhdBles Q8 rbi hedB oflAY Sar@dulaPhdutel wuugender ,
marital instead resolves the ID when it is required.
When a user subscribes 808 to a publication 807, the publisher 806 (i.e. application
provider 803) is authorized to print to a specified printer or the user’s default printer. This
authorization can be revoked at any time by the user. Each user may have several pens 801, but a pen
is specific to a single user. If a user is authorized to use a particular printer, then that printer
recognizes any of the user’s pens.
The pen ID is used to locate the corresponding user profile maintained by a particular
netpage registration server, via the DNS in the usual way.
A Web terminal 809 can be authorized to print on a particular netpage printer, allowing
Web pages and netpage documents encountered during Web browsing to be conveniently printed on
the nearest netpage printer.
The netpage system can collect, on behalf of a printer provider, fees and commissions on
income earned through publications printed on the provider’s printers. Such income can include
advertising fees, click-through fees, e-commerce commissions, and transaction fees. If the printer is
owned by the user, then the user is the printer provider.
Each user also has a netpage account 820 which is nsed to accumulate micro-debits and

credits (such as those described in the preceding paragraph); contact details 815, including name,
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status, incone, profession, education, or qualitative derivatives such as
age range and incone range. For those users who choose to reveal personal
information for advertising purposes, the information is maintained by the
rel evant netpage registration server. In the absence of such information,
advertising can be targeted on the basis of the denographic associated with
the user's ZIP or ZIP+4 Code. Each user, pen, printer, application
provider and application is assigned i;ts own unique identifier, and the
net page regi stration server maintains the rel ationshi ps between them as
shown in Figures 21, 22, 23 and 24. For registration purposes, a publisher
is a special kind of application provider, and a publication is a speci al
ki nd of appliiesatd elphofcaginbag erobﬂeﬁfermges ks, adtdi@rprized dbetysed BeYzadober of
printers 8Qfn2af RABH B bihefc B, ?mz%g) L N

Each user has a 5| ng Ie pri nter 0 |ca1

publ i cat i offécreie 83)9ef’t|“' vehasdrisipe éﬂ@f‘e‘élﬁll? autqpptipadly %Q@@Sﬂ pr Fhmﬁwmeﬂnddﬁﬁﬁlhnd are
del i ver ed ﬁasanetnh@rdmdomtﬁﬂ’zl whth R ohbed paliitsUsh)e nlad. | Nt eracting. The server
keeps tra,} ? vvflch‘%i_bllshers a user has authorized to print to the
user' s defatift pri®l&F.NA publisher does not record the ID of any

particul ar pri nt émetpdgatuser fangiamgth a It 22\ Sfatofies' -Dinkde nsefuf décemdnagitl sred. When
a user SUQﬁ&ﬁe'ngeSne%ﬁ( ri‘ﬁa 18t 1@ ‘;HQJnla&@& ﬁyotne %92111 015 B}_@ u&pptéhﬁpeﬁr is %%JZ(:JI ash
appllcatlon provid 03) 1s authorize prin a specitired printer or
the user' SugEeygf f"ldﬁﬁ*‘ 9?ﬂ & preferrrepl gmbogimeniont whish iSéhP“eamﬂlbeaSﬁ dggReén BEgvrany tine
by the usen. Each user may have several pens 801, but a pen is specific to
a single user. | f. 8 s&l is authorized to use a particular printer, then
that printér  recognizes any of the user's pens. The pen IDis used to

| ocat e the corr eSiposyeimgnaingas ahighiy|lst A ot aichekr\belmlfp amtaingig| laks tonet page

regi strat i REinRRE Y8 heceddddby iHaQscPNRubH thd RagdSiiathn. WaVreah MED: LRI MdRAki:809 can
print on a particular netpage printer, allowng Wb pages

be aut hori z %‘6@8

and net pagde” FraRefien SLBhiE R ip e Py 0BT BESWEAg to be conveniently
printed ore4the nmLBsnrmepangprl nter. The net page system can coI | ect, on
behal f of a prinker provi si on i ncone. ear ned
through publ i cat?%ns pri f%ﬁatm Server au(r?%“\}ipgm %ags Ou ﬂfeePegeS SR ‘ﬁﬁrtfne can
include adveriized pypfcafiercey a Sefrtlpv:ky Qeﬁxoetlg‘»h $1eeelosted‘@6mmmeere eothmfosmfons, and

transact i Gre-foR@8ed rband e ok HidREd dnShe pgg\énﬂagm cdifdfal B3Rhy then the user is
the printer provjder. Each user also has a netpage account 820 which is

used to accurul al’% 3eEFHe BEB O & s can beerghiped ik Filpentng sdwertyag Bfigshed | n
t he pr ecednngliyideiggeaaphhih tecatiad tandié ad lagouBmgqnﬂmnﬁbmh thig mmomhrh\IBXOBB 5G
36. addres %gﬁé{l}e& %l a Q%QP) co@#g@ St g tgji QJ?I%ILB,IQ dead%ﬂ%mg %ontentl Such b p ac]lill(g:i L sg

privacy, ery an OoCa
for roofing material specifically w1thm the publication because of a special feature on do-it-yourself

roofing repairs.

The editorial content selected for the user, including text and associated images and
graphics, is then laid out according to various aesthetic rules.

The entire process, including the selection of ads and the selection of editorial content,
must be iterated once the layout has converged, to attempt to more closely achieve the user’s stated
section size preference. The section size preference can, however, be matched or gverage over time,
allowing significant day-to-day variations.

25 DOCUMENT FORMAT

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

The primary efficiency mechanism is the separation of information specific to a single
user’s edition and information shared between multiple users’ editions. The specific information

consists of the page layout. The shared information consists of the objects to which the page layout
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settings; any nunber of bionmetric records 817, containing the user's
encoded signature 818, fingerprint 819 etc; a handwiting nodel 819
automatically nmaintai ned by the system and SET paynent card accounts 821
wi th which c-conmerce paynents can be made. 2.3.2 Favorites List A netpage
user can maintain a list 922 of "favorites"” - links to useful docunents
etc. on the netpage network. The list is maintained by the systemon the
user's behalf. It is organized as a hiyerarchy of folders 924, a preferrred
enbodi nent of which is shown in the class diagramin Figure 41. 2.3.3

Hi story List The systemmaintains a history list 929 on each user's behalf,
containing links to docunents etc. accessed by the user through the

net page sysfesnnclidingiirgagesr gaphicy, el pitsesafhat e- ordered list, a preferred

enbodi nent of whi I, I 4

| NTELLI GENT PAGEAE%t Jg‘ff%&mnﬂé@ %‘Qﬁ“&uﬁ?‘%’géf’?%n&%%‘g? b Fan %'%Fi y |ays
out the paddd gpingetke Fxigudie Yyleshst g@ﬁ‘&ﬁ? P gt nrevides Bigcigsrropgrol over text

sect i on- byfp&Rehi elaepb@smg of B RN IS e fekd is edmns%ts whEILiniths d6eis bethdn Of

pre- fornatted cta t hey .are place age before the editoria
content. The' a‘él% : nl OHtg T]rl%tfexy(’bf%t ° talgse?id]? g%dézﬁ'ﬁua Al eW%bEﬂ REYRSN 1 dl y
varyi ng adveﬂ#mmﬁmbmﬁaﬁmﬂewwmmmnmmswﬂdmahp@agmsﬁmmmhgn t he section, and the
ad |ayout al gori hhmeXPhioh todelliSmadd e oR! 1B L3 Mok sler- bgsgcﬂz HESH; nhge att enpt

to co-locate closely tied editorial and advertising conte suc

pl aci ng adg§m™at 6&‘?‘66?‘11f‘ﬁbe“?P&fsé‘rzpéFaP%‘b%‘éF%lﬁbl’?é’ieF'?‘ %&hﬁf ﬁVﬁh@mﬁum i cation
because of a Speﬂfheahyoﬁt&@élﬂh’oﬁns&rbfdﬁbnbi of pALHI Sifdgf andro@phit BigectsCRAéd ©Bxtflolhe

.edl torial %j%c %7] Whlcﬁtt ect tﬂQw HS rflﬂkslaggl %gtl El dst % escn{;le% E%SSOCI ted

i mages and’ gra ECs, s fara out accor arious aestfstic

rul es. Thevatgmdr eegpma@ées laY@UﬁebJERm ﬂgsmn@élle@@hlqnh Bifs iy usmnd hprcsel ecti on
of ed|torL@gmggm%gm&fﬁkgyagmgﬁmﬁ&ﬁ@@ﬁgﬂ once t he | ayout has converged to
attenpt to nore closely achieve the user's stated section size preference.
The section size preference can, however, be matched on average over tine,
all owi ng significant day-to-day variations. 2.5 DOCUVENT FORMAT Once the
docunent is laid out, it is encoded for efficient distribution and

persi stent storage on the netpage network. The prinmary efficiency
mechanismis the separation of information specific to a single wuser's
edition and information shared between nmultiple users' editions. The
specific information consists of the page |ayout. The shared information
consists of the objects to which the page | ayout NPX033-SG
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37 refers, including i mages, graphics, and pieces of text. A text object
contains fully-formatted text represented in the Extensible Markup Language
(XM.) using the Extensible Stylesheet Language (XSL). XSL provides precise
control over text formatting independently of the region into which the
text is being set, which in this case is being provided by the |ayout. The
text object contains enbedded | anguage codes to enabl e autonmatic

transl ation, and enbedded hyphenationiQints to aid w th paragraph
formatting. An inmage object encodes an image in the JPEG 2000 wavel et - based
conpressed inmage format. A graphic object encodes a 2D graphic in Scal abl e
Vector Graphics (SVG format. The | ayout itself consists of a series of

pl aced i mage and graphic objects, linked textflow objects through which

t ext objec 0 nd input fields as described above, and
wat er mar k tibrﬁémi& éﬁ%qgfdu'tgﬂé%ﬂ? objects are su rized in Table 3. The

| ayout usﬁ‘s Rayoytpact  f dMiributesyi t alfl e Fasmabef i cf ent distribution and

storage. NPXQBjwSG |38 Table 3 - net paggkbayedtt OPj ects Layout
Attri but eRerrat—of lgbj ition- I nmage object | DPEG

2000-C?aka@ﬁ%S|t|oﬁ5%Pﬁphlc obj ect [1 DSVG extfl owextfl ow | D Zone Opti onal
t ext obj egt | DML/ XSim=gy pgiedtimk Type- [deage208ppl 1 cation 1D, etc. Fiel dType-

1 AW,V " e | n 2 Iad
Meani ng Z SfapHigt ©f 'Bés'ﬁlkdh'c z. 0 i
Graphic object ID SVG
Textflow Textflow ID -

Zone N
Optional text object ID XMLAXSL
Hyperlink Type -

i7one |

\Application ID, etc. -

Field Type -

Meaning -

Zone L

Watermark [Fone -

2.6 DOCUMENT DISTRIBUTION

As described above, for purposes of efficient distribution and persistent storage on the
netpage network, a user-specific page layout is separated from the shared objects to which it refers.

When a subscribed publication is ready to be distributed, the netpage publication server
allocates, with the help of the netpage ID server 12, a unique ID for each page, page instance,
document, and document instance.

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

by its page layouts. The page servers persistently archive the received page layouts and shared
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DOCUMENT DI STRI BUTI ON As descri bed above, for purposes of efficient

di stribution and persistent storage on the netpage network, a user-specific
page | ayout is separated fromthe shared objects to which it refers. Wen
a subscribed publication is ready to be distributed, the netpage
publication server allocates, with the help of the netpage ID server 12, a
unique I D for each page, page instance, docunent, and docunent instance.
The server conputes a set of optim zed,subsets of the shared content and
creates a nulticast channel for each Subset, and then tags each
user-specific layout with the nanmes of the nulticast channels which wll
carry the shared content used by that | ayout. The server then pointcasts
each user'®nkmyouts to that user's printer via the appropriate page server
and when the poi sts the s d content on
the specified Chg&\%gspghﬂgl*aé ﬁecenr%g gg#h\g/%)l?écts ngch rﬁa%c la}{outs reaeéh e pﬁatae Server
and pr|ntéW”@&@gﬁmYH§§h¥6hﬁﬁ§mﬁﬂWQ¢%%@@a@hﬁﬂ%éls specified in the page

| ayouts. During ther mfmlﬂtduaﬁﬁ{a&cs a@q)hmaa,gﬁts %EY?aEteratﬂﬂ Ryl B B defivdhdgact s from
the multicast streans erre by its page | ayouts.. The

e objects r
page serverSHE %f”ffteér?% F?E ‘i?éer?dh‘é‘ﬁ‘rlﬁlﬁgéf ﬁ&vﬁﬁ'ﬁé’aﬂea@bﬁfl? 05#6‘3 Gfar ed
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and then rasterizes and prints it. Under nornma ances, e printer
prints pag@¥viessio 4P0KBr AbaquBMbitof pgp dataRs sevastahich lsﬁé%lerrﬁ’ fighigheggemettet  of each
page is comebﬂdga/uataheuvaﬁg&sabrbetmeanawmge page has a size of I ess than
400KB. The prlntgmnugﬂré) foretpo d i,n excess .of 100 s pag inits
internal 64MB nemory. . all o rail WRGT ot S@%aﬁ UBRFEPE Od° pElpeI"hl glfeilynt er
prints at that Fbatueer Uﬂlhgﬁ‘ele plagéenph:ﬂle s@eomphly Seifirsthé grintegs) U0vaesnttndl slodd@OKB or
about 3Nbugm@&”p@g@mgata per second, which is simlar to the highest
expected rate of page.. dat a dellvery over a broadband network. Even under
abnor mal  ci r cunsHARES! T8 ReHers doterpab memens doss it rthep g Srigier wibpe wabler, it i s
l'i kely t hedke b4 @f A ticaiviabn ibfrstabdues. The nktPgak @itilidfiort daﬁexp&p@dre spPhshipef ore the

pl’l nter's 3‘ leon:r% gcﬁlegtsntttne ;crh?u 1c§s§so?v%%1ea cr%%ﬁa%ﬁgé{ h?eql%)s(ts ?‘sur%p[elevgd rl_b\l\nqé{)gtr if the
printer's |nternal menory does then nt'er w 1 Bethabl e to
make use ofcug %?W@&Wlﬂmfeﬁlemﬂefmn@tg Sbﬁeﬁsi@blscts The net page pubI i cation
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When a criti.cal uests is received or a tinmeout ‘occurs, the

server re- ?’Fﬂ‘f"f”igétﬁgetggla¥%§a?flcff’ g’?ﬁfﬁ’ﬁdﬁ“ﬁ@}“ﬁ&?@d&%j ects. Once a document is
printed, &.7rinter-Demmpli@dueasan exact duplicate at any tinme by

retrieving its PR aln@‘%%lérdécuﬁ&gis(Pc(apetst%@gn deman%n}.g personay Q d%algr re& grver.

much the same way as a periodical. However, since there is no shared content, delivery is made
directly to the requesting printer without the use of multicast.

When a non-netpage document is requested on demand, it is not personalized, and it is
delivered via a designated netpage formatting server which reformats it as a netpage document. A
netpage formatting server is a special instance of a netpage publication server. The netpage formatting
server has knowledge of various Internet document formats, including Adobe’s Portable Document
Format (PDF), and Hypertext Marlap Language (IITML). In the case of HTML, it can make use of
the higher resolution of the printed page to present Web pages in a multi-column format, with a table
of contents. It can automatically include all Web pages directly linked to the requested page. The user
can tune this behavior via a preference.

The netpage formatting server makes standard netpage behavior, including interactivity
and persistence, available on any Internet document, no matter what its origin and format. It hides
knowledge of different document formats from both the netpage printer and the netpage page server,

and hides knowledge of the netpage system from Web servers.
NPX033-SG




2.7 ON- DEMAND DOCUMENTS When a net page docunent is requested on demand, it
can be personalized and delivered in nuch the sanme way as a periodical.
However, since there is no shared content, delivery is nade directly to
the requesting printer without the use of nulticast. Wen a non-netpage
docunent is requested on demand, it is not personalized, and it is
delivered via a designated netpage formatting server which reformats it as
a netpage docunent. A netpage formattjng server is a special instance of a
net page publication server. The netpage formatting server has know edge of
various Internet docunent formats, including Adobe's Portabl e Docunent
Format (PDF), and Hypertext Markup Language (HTM.). In the case of HTM, it
can make u¥e of Sedumimhi gher resolution of the printed page to present Wb
pages in a | ti rmat, with a table of contents. It can
autonatlca??; |ngﬁﬂgH&BTPPVEb pages directly |inked to the requested page.
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publ i c-key crypt a et pag wor k uses both cl asses of

crypt ogr aphy. Seg“?’g Pelgecryp-{?g{/aﬁgo 6?83 f?fem‘%lt"s& * B U C%O%?ﬁ%y‘f%m c

crypt ogr aphgryption kays. {Thetwe kexs at@en}aﬂt:matwdhwlaywtln anel a dexcthyt pty messTpsgageed TWo

parties Wlﬁﬂﬂg&ﬁlépcaﬁ)&ﬁlpﬁ@% &ﬁg% offbiSey. fank £ m&K ﬁ@m%wﬁ &bhsﬁigcp%fel y
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et
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mat hemat i qm;lvdtg/quetbraé edryptad Sing lthe puivia eyt halkss@ayanrmsﬁag@ryﬁta@ﬁsyx@m@mwl ng one
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encrypt an‘SP Frgsbg e pritderkdeld sowe, it Ih eorh@ilffetéli'e hofdert éﬂe ppYalekat © gkl@gpte i@nce
encrypt ed Wppatg t he publ ic key, a nessage can only be decrypted using the

private key. Th §I -y artlg an sdecurely exchange nessages w thout first
havi ng to exchan%j’ I PP %’ifm e g 18 Fretis aligkengtie Thy hldst of theayivares secure,
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can then verify that the encrypted hash constitutes the “signature” of the holder of the private key with
respect to that particular message by decrypting the encrypted hash using the public key and verifying
the hash against the message. If the signature is appended to the message, then the recipient of the
message can verify both that the message is genuine and that it has not been altered in transit,

To make public-key cryptography work, there has to be a way to distribute public keys
which prevents impersonation. This is normally done using certificates and certificate authorities. A
certificate authority is a trusted third party which authenticates the connection between a public key
and someone’s identity, The certificate authority verifies the person’s identity by examining identity
documents, and then creates and signs a digital certificate containing the person’s identity details and
public key. Anyone who trusts the certificate authority can use the public key in the certificate with a
high degree of certainty that it is genuine. They just have to verify that the certificate has indeed been
signed by the certificate authority, whose public key is well-known.

In most transaction environments, public-key cryptography is only used to create digital
signatures and to securely exchange secret session keys. Secret-key cryptography is used for all other

purposes.
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key pair. Public-key cryptography can be used to create a digital
signature. The holder of the private Kkey can create a known hash of a
nmessage and then encrypt the hash using the private key. Anyone can then
verify that the encrypted hash constitutes the "signature" of the hol der of
the private key with respect to that particular nmessage by decrypting the
encrypted hash using the public key and verifying the hash against the
message. |f the signature is appended o0 the nmessage, then the recipient of
the nmessage can verify both that the nmessage is genuine and that it has
not been altered in transit. To make public-key cryptography work, there
has to be a way to distribute public keys which prevents inpersonation.
Thi's is normal | ylrd&nadolissing gliwesitn, fiteatrdserands oatet bofthe ake@e atbdrosibt oes. A
cert 111 G2t GrabliRlhi | Sl LSl 58 LN LABALL Y, WOLGD M BERlGa s, (e

connection between a publi and scémeon e certiticate
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certainty Sbbrahfetme i's genuine. They just have to verify that the certificate

has indeedspeen nsipgoepripitrsBERRS i ficate authority, vvhose pubI ic key is
wel | -known. In npst transaction environnments, public- kely pt ography is
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printer is assigned a palr uni que rdentifiers a manufact ure
which ar é"’%‘flﬁi‘%é}‘ellﬁ’mfebsaeﬁtb‘ﬁll? Wérﬁﬁ‘lﬂyﬁ tgnauisekepr fodt daresathel c¢ritficethen et page
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identifies the p{,l nt er Ip ge net }’/%prk The second IDis secret and
i s used when the }Bﬁetﬁiggfegisgauf”i‘ T’eg’te FEGT 3 tTHEYC Biorprdor epage PRICTHES It he
print er cdasreetdo tegetifermaidinpigengied waitkprheridéohg. first tine after
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the secret ID and the pub secur el net pa Fr%tion
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recor ded specified printer. Every document sent to a printer via a page server is addressed to a particular user

and is signed by the publisher using the publisher’s private signature key. The page server verifies, via
the registration database, that the publisher is authorized to deliver the publication to the specified
user. The page server verifies the signature using the publisher’s public key, obtained from the
publisher’s certificate stored in the registration database.

The netpage registration server accepts requests to add printing authorizations to the
database, so long as those requests are initiated via a pen registered to the printer.
33 NETPAGE PEN SECURITY

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

A metpage pen can “know” a number of netpage printers, and a printer can “know” a

number of pens. A pen communicates with a printer via a radio frequency signal whenever it is within
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in its database, and accepts the registration if the IDs match. It then
creates and signs a certificate containing the printer's public ID and
public signature key, and stores the certificate in the registration

dat abase. The net page registration server acts as a certificate authority
for netpage printers, since it has access to secret information allow ng
it to verify printer identity. Wen a user subscribes to a publication, a
record is created in the netpage regisiration server database authorizing
t he publisher to print the publication to the user's default printer or a
specified printer. Every docunent sent to a printer via a page server is
addressed to a particular user and is signed by the publisher using the’
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t he prlnter isn't nmeant to know the pen, then it agrees with the pen to
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When a previously unregistered pen is first registered, it is of limited use until it is linked
to a user. A registered but “un-owned™ pen is only allowed to be used to request and fill in netpage
user and pen registration forms, to register a new user to which the new pen is automatically linked, or
to add a new pen to an existing user.

The pen uses secret-key rather than public-key encryption because of hardware
performance constraints in the pen.

34 SECURE DOCUMENTS

The netpage system supports the delivery of secure documents such as tickets and
coupons. The netpage printer includes a facility to print watermarks, but will only do so on request
from publishers who are suitably authorized. The publisher indicates its authority to print watermarks
in its certificate, which the printer is able to authenticate,

The “watermark” printing process uses an alternative dither matrix in specified
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In addition to its public ID, the pen contains a secret key-exchange key.
The key-exchange key is also recorded in the netpage registration server
dat abase at tine of manufacture. During registration, the pen transmts
its pen 11) to the printer, and the printer transmts the pen IDto the

net page regi stration server. The server generates a session key for the
printer and pen to use, and securely transmts the session key to the
printer. It also transmits a copy of tjhe session key encrypted with the
pen's key-exchange key. The printer stores the session key internally,

i ndexed by the pen ID, and transmts the encrypted session key to the pen.
The pen stores the session key internally, indexed by the printer ID.
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3.5 NON-REPUDIATION

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

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

4 ELECTRONIC COMMERCE MODEL
4.1 SECURE ELECTRONIC TRANSACTION (SET)

The netpage system uses the Secure Electronic Transaction (SET) system as one of its
payment systems. SET, having been developed by MasterCard and Visa, is organized around payment
cards, and this is reflected in the terminology. However, much of the system is independent of the
type of accounts being used.

In SET, cardholders and merchants register with a certificate authority and are issued with

certificates containing their public signature keys. The certificate authority verifies a cardholder’s
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information with the netpage registration server, as described in Section
2. When presented with a secure netpage docunent, the recipient can verify
its authenticity by requesting its status in the usual way. The unique ID
of a secure docunent is only valid for the lifetinme of the docunent, and
secure docunent IDs are allocated non-contiguously to prevent their

predi ction by opportunistic forgers. A secure docunent verification pen can
be devel oped with built- in feedback g verification failure, to support
easy point-of-presentation docunment verification. Cearly neither the

wat ermark nor the user's photograph are secure in a cryptographic sense.
They sinply provide a significant obstacle to casual forgery. Online
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PAYMENTS captured and stored in the registration database, linked to the user’s record. The user’s photograph is
also optionally captured and linked to the record. The SET cardholder registration process is
completed, and the resulting private signature key and certificate are stored in the database. The
user’s payment card information is also stored, giving the netpage registration server enough
information to act as the user’s proxy in any SET payment transaction.

When the user eventually supplies the biometric to complete 2 payment, for example by
signing a netpage order form, the printer securely transmits the order information, the pen ID and the
biometric data to the netpage registration server. The server verifies the biometric with respect to the
user identified by the pen ID, and from then on acts as the user’s proxy in completing the SET
payment fransaction.

4.3 MICRO-PAYMENTS

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

When the user registers for e-commerce, a network account is established which
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In the netpage systemthe netpage registration server acts as a proxy for
the netpage user (i.e. the cardholder) in SET paynent transactions. The
net page system uses bionetrics to authenticate the user and authorize SET
paynents. Because the systemis pen-based, the bionetric used is the
user's on-line signature, consisting of tinme- varying pen position and
pressure. A fingerprint bionmetric can also be used by designing a
fingerprint sensor into the pen, altheugh at a higher cost. The type of
bionetric used only affects the capture of the bionetric, not the

aut hori zati on aspects of the system The first step to being able to nake
SET paynents is to register the user's bionetric with the netpage
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TRANSACTI QNSO &Y ﬁed%%ﬁ‘rﬁxttéd‘%&&l@ﬂp&hﬁq NghiRage in a particular application

context, the application is ab
The application mamtams state information indexed by alias ID, and is able to retrieve

user-specific state information without knowledge of the global identity of the user.

The system also maintains an independent certificate and private signature key for each of
a user’s applications, to allow it to sign application transactions on behalf of the user using only
application-specific information.

To assist the system in routing product bar code {UPC) “hyperlink” activations, the system
records a favorite application on behalf of the user for any number of product types.

Each application is associated with an application provider, and the system maintains an
account on behalf of each application provider, to allow it to credit and debit the provider for click-
through fees etc.

An application provider can be a publisher of periodical subscribed content. The system
records the user’s willingness to receive the subscribed publication, as well as the expected frequency

of publication.
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to enbed a user-specific transaction ID 55 in the page. Subsequent i nput
through the page is tagged wth the transaction ID, and the application is
thereby able to establish an appropriate context for the wuser's input.
When i nput occurs through a page which is not user-specific, however, the
application nust use the user's unique identity to establish a context. A
typi cal exanple involves adding itens froma pre-printed catal og page to
the user's virtual "shopping cart". Taqgprotect the user's privacy,

however, the unique user ID 60 known to the netpage systemis not divul ged
to applications. This is to prevent different application providers from
easily correlating i ndependently accunul ated behavioral data. The net page
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5.1 SUBSCRIPTION DELIVERY PROTOCOL

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

A large mumber 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 structures to
individual printers via pointcast, but delivers shared content objects via multicast.

The application (i.e. publisher) first obtains a document ID 51 for each document from an
IT> server 12. It then sends each document structure, including its 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 alias ID to obtain from the registration server
the corresponding user ID 60, the user’s selected printer ID 62 (which may be explicitly selected for
the application, or may be the user’s default printer), and the application’s certificate.

The application’s certificate allows the page server to verify the message signature. The
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Consortium (WBC) Resource Description Framework (RDF). A resource
description may identify rights holders 920. The netpage system
automatically transfers copyright fees fromusers to rights hol ders when
users print copyright content. 5 COVMMUNI CATI ONS PROTOCOLS A conmuni cati ons
protocol defines an ordered exchange of nessages between entities. In the
net page system entities such as pens, printers and servers utilise a set
of defined protocols to cooperativel yyhandl e user interaction with the
net page system Each protocol is illustrated by way of a sequence di agram
in which the horizontal dinension is used to represent nessage flow and
the vertical dinmension is used to represent tinme. Each entity is

r epr esent eRfeLYPVE T e EH Fgheregigation spiverdails Ffaherpapfiativh I byl abimtIDtdpn’iagbtimr ver ti cal
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cut short ﬁtaﬁ@&%r ceases to participate in a protocol. 5.1
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application (i.e. publisher) first obtains a docunent or each
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application's ceptifi al | ong;.t age._seryver ver nessage
signature. The kﬁg %ggﬁ%%@%L e dsikgsf @eg‘gw ﬁaadd ue o%%f’gagfﬁé%f e(g‘?‘ ion
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subscri pt i 18Q8ne pRLTIRABRrSRh YR ¥ardsIRPeRID, RCANS S5 YRR L. 2RE »RH& | NSt ance
| Ds and fqrvvards t he nggr

ocation to the page

The page server loads the page description 5 identified by the page ID and determines
which input element’s zone 58, if any, the click lies in. Assuming the relevant input element is a
kyperlink element 844, the page server then obtains the associated application ID 64 and link 1D 54,
and determines, via the DNS, the network address of the application server hosting the application 71.

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

The application produces a response document according to application-specific logic, and
obtains a document ID 51 from an ID server 12. Tt then sends the document to the page server 10b

responsible for the document’s newly allocated 1D, together with the requesting page server’s 11D and
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descriptions, including page IDs 50, to the printer. It includes the

rel evant set of nulticast channel nanmes for the printer to listen to. It
then returns the newly allocated page IDs to the application for future
reference. Once the application has distributed all of the docunent
structures to the subscribers' selected printers via the relevant page
servers, it nulticasts the various subsets of the shared objects on the
previously selected nulticast channel g Both page servers and printers
nonitor the appropriate nulticast channels and receive their required
content objects. They are then able to popul ate the previously pointcast
docunent structures. This allows the page servers to add conpl ete docunents
to their Habaghdkaeuesshy it allows the printers to print the documents. 5.2
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the hyperlink re@testustrravandudden binapagd Bt Ondrage pea,pﬂ&lﬂeﬁadlﬂnﬁlﬂmatém&

applicati §9018rtootﬂé’r%§n§st 3{) mﬁ§§?e%9§%r$mﬁe&g%%%%ngg L0 eplaéecatl on-specific

| ogi c, obtai ns a roma ver It then sends
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48 the hyperlink _re
yp kT ge server loads the page description 5 identified by the page ID and determines

which input element’s zone 58, if any, the stroke intersects. Assuming the relevant input element is a
text field 878, the page server appends the stroke to the text field’s digital ink.

After a period of inactivity in the zone of the text field, the page server sends the pen ID
and the pending strokes to the registration server 11 for interpretation. The registration server
identifies the user corresponding to the pen, and uses the user’s accumulated handwriting model 822
to interpret the strokes as handwritten text. Once it has converted the strokes to text, the registration
server retums the text to the requesting page server. The page server appends the text to the text value
of the text field.

54 SIGNATURE VERIFICATION PROTOCOL

Assuming the input element whose zone the stroke intersects is a signature field 880, the
page server 10 appends the stroke to the signature field’s digital ink.

After a period of inactivity in the zone of the signature field, the page server sends the pen

ID 61 and the pending strokes to the registration server 11 for verification. It also sends the
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The second page server sends the hyperlink request 1D and application ID to
the first page server to obtain the corresponding -user ID and printer ID
62, The first page server rejects the request if the hyperlink request has
expired or is for a different application. The second page server allocates
docunent instance and page I1)s 50, returns the newwy allocated page |Ds
to the application, adds the conplete docunent to its own database, and
finally sends the page descriptions t@ the requesting printer. The
hyperlink instance may include a neaningful transaction ID 55, in which
case the first page server includes the transaction ID in the nessage sent
to the application. This allows the application to establish a
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appl i cati Oty dolh ﬁ%ﬁtﬁ%s&%%ﬁﬁhka@bn %{)Emf %%&!98@&@%@ slesD I enera e >Sage

sent to the application eap cat 1'on oesa
user - speci ¥ figt @éﬂ‘ﬁféfit’fq“tﬁmtqﬁ@ 4‘?9}5?@‘?’43 l@lgaéﬁlgﬂﬁa‘ﬁ tpfhe rfﬁuegmmmeﬂ'ﬂm

RECOGNI TI Qe R6H:Qelidns 1B @igit:A siptBRe 16 Frd WnaBirecldk € seRNheths BEHRABS Wil (2 Net page
pen, the pen communi cates the stroke to the nearest netpage printer. The

stroke identities the page and a path on the page. The printer forwards the
pen ID 6 1, its &kndiptal signetpre [1DIVGE the dlies Faffeof] ti Srepvding tuse@Kiispdléds 2 t 0 t he

page serveg, g@oﬂn@ogapﬁegﬁmﬁlgugé@ymgnm% page server |oads the page description
5 identifi eé and determ nes which input element's zone 58,

by the
if any, th&® stroﬁ%““‘lﬁiag‘l‘sélé’&%m%g%um ng the relevant input elenent is a
text field 878, AIpEfeﬁagalbsmmafa&memﬁlﬁssm@mﬁ&ou@kie,whmiig&mtsext fields

digital ink. Aftg od of inactivit n th text field,
the page server sen%sl%fel%{on en % kiyﬂ%lnﬁﬁeaﬁt atm gtt “8&%@‘”?%‘ e tRgocol
registrat |Q§ﬁle§é*r5\¢@¥°nﬁ2IWlﬂ1mmf=|fmﬂesp?§rﬁeta@tltwm1 The r egi stration server

identifies the umege &&ro&"@mmﬁ;efiﬁktﬂ@h&&ﬁmt?%m@me H3E Senl RANHUBES sl
accunul at e(a %Eg\é\jl{ll t.i nﬂ nodel to interpret the stroKes as %andvvrl tten

text. onceli® rafséa""faﬁ‘éﬂ@tf%ﬂgé f“l‘imﬁeé&’ifem fapreonteny pishe - Hribe server
returns t Hemmenthingay tigrenfediglde tHeh (he)agpAgonSerifise tach dla @y a&g@mgﬁs MBs megspends t he

text tot | GNATU J1 ON
PeR)C()TOC(C)]_ %%g%x%}é{lm % %&Fﬁggnd&gﬁlg&%%m\t%oseOlit(a)uﬁm &0 ne“ign °§!§ Cis a

Si gnatureﬂi‘eiféﬂlﬁat%@“’efhle page server 10 appends the stroke to the

signature ggel d Gom1$|dpﬂ$Aym§\h-PR6ﬁ-(§(ﬁj’L a period of inactivity in the zone of
the signature field bgﬁge server. sends the pen 1D 61 and the pending
strokes to the r &egﬁ L3ty gpmrpissfon pgymen) gpofopsl isshqvgyio Figwre 4t so sends t he

NPX033- SG In an e-commerce environment, fees and commissions may be payable from an application
provider to a publisher on click-throughs, transactions and sales. Commissions on fees and
commissions on commissions may also be payable from the publisher to the provider of the printer.

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

The target application receives the hyperlink request ID from the page server 10 when the
hyperlink is first activated, as described in Section 5.2. When the target application needs to credit the
source application provider, it sends the application provider credit to the original page server
together with the hyperlink request ID. The page server uses the hyperlink request ID to identify the
source application, and sends the credit on to the relevant registration server 11 together with the
source application ID 64, its own server ID 53, and the hyperlink request ID, The registration server

credits the corresponding application provider’s account 827, It also notifies the application provider.
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49 application ID 64 associated with the formof which the signature field
is part, as well as the formID 56 and the current data content of the
form The registration server identifies the user corresponding to the
pen, and uses the user's dynam c signature bionmetric 818 to verify the
strokes as the user's signature. Once it has verified the signature, the
regi stration server uses the application ID 64 and user |ID 60 to identify
the user's application-specific privatsg signature key. It then uses the key
to generate a digital signature of the formdata, and returns the digital
signature to the requesting page server. The page server assigns the
digital signature to the signature field and sets the associated forms
status to frozeH herhrictiogprodiier sdedyiatredichd mistormiesiet, Heendd thasin®fprésdeof t he

COrr espoNndiréig 188 lorigiddd bsze bl \Wpether with @Qllﬁpe;lﬁlf( %qﬁ@t ﬁﬁ@ﬂsﬁ%@e £5H)e1t &0l e user s’
S|gnatures preferred odinment of a form

submi ssi on yB?‘r%‘?(é%qﬂ?QsMD toé‘]r\‘f/l’é‘)'%fhf’ﬂmﬁ g”ﬂ‘i‘ ?n‘iféhe CI?S?H?@LE}BW%V%%%‘SB@@&F%WKM aa

f or m hy per tegethkr withttheypaittierdD, THetregtshation feblet coaiBs hdh@mpp@ilng plnter plofidnedoinn Sect i on
5.2, with gone formspecific additions. In the case of a form hyperlink,
the hyperlink activation nessage sent by the page server 10 to the
application 71 al%osetshtaartisaion peovider in wBemly aetificd le€ theuidensit of dbt sargsont ent  of
the form dpplichiea prof/ﬂérmnﬂ?ﬁhgﬁxﬁitdﬁﬁroﬁﬁﬁ‘ oSthibatit bBnd doﬂ’l:éja%phctittbﬁﬂro{nb@ appl ication
verlflesech ong 1%?»)(56 ctl the alias ID 65 associated wth the
correspondi'ng digi e gn%fﬁ'? ™ nd obt ai ni ng the corresponding certificate
from the &tgi st PenMegnamigsver 11. 5.6 COVM SSI ON PAYMENT PROTOCOL A
referred enbod: RGOk uEORThES! QI AMIRIY REOLBFBL chser 8NN Iy OUT €

47. In an e-conmerce environnment ss ons payabl e from
an appl i cdB{"6FF 2 horsgilfein tft@&ﬂf&l%ﬁblﬁﬁiﬁwld@ﬁhwgmeﬂqlm éqﬁghsanmtp@mmeeu ons and
sal es. Commnﬁﬁhﬁﬁlﬁm@iﬂk peResmmidhts. THFe t81$l@ﬂ§m@ﬂer&1&ﬂf&aﬁ1§b%&té@ﬁyoxﬁlaﬁ) be

payablef ultljl r to the oVi rinte erlink
request %g? g hg% ?%% SOt &P ete““(S‘a’rrq@r chﬁ'&&&p@(ﬁ e efl‘-?r(]J%‘E} t ar get
applicati dfﬁusmgd% aéﬁrcov@éo’f(lealg) of meyldsld alastips, bugl it fomned Gom eni-appparcpatdtonl provi der

70b (i.e. @Hﬁér't@&@ﬁlé the 83cko V{G&%SI&B?O%%&IH@&M&]Q&HQ& bdﬁl co Exb to the
printer hl§V| der 72. The tawﬁet application receives per request

ID from tHE [alydss agmiperart 187 Whighups |“*‘a'1w‘ﬁ'§’f“‘llqsrﬁ*ﬁ epd 145 qfé*te ha‘t*ﬂ“ﬂ\}ﬁ% @ﬂ a as
descri bed prajeciegtottion 1B @hich\Whgartstvaa: fhal gemainpi 100abd OB wikeE Sodeposdi@di t t he

source ap td, o3 b @S Oqlgiusl e.,a loaneatl rovi der redlt to
the origi ﬁgf ?ﬁaﬂg%{ggg{@ée/%ggtlgae{ gtLd}t ﬁeg ﬁgl ‘8‘&'{]8‘2? HeThe page

server use@EICHE Hegigr 10 withir 'éqhm}s{lg IIOIZ) Scrywitiends l lﬁyurtdnelmgsao yegere ama.l dncat i on,
and sends td@ves 1@dird arRRoel & &@ﬁe b %‘Jeﬁt‘/@&] biedcOqk, ﬁﬁcl’uﬁfné %eﬁ;@ﬁd%@ scrdv- thQg@et her

with the Ilcatlon Its. own server 3, ‘and the hyperlink
r equest [ﬁg) -L#J. m?tag g‘?ispfef%lltll gﬁergoé?%P enable ink cartridge replacement
Also mounted within the cover 107 is a tri-color status LED 116 on a flex PCB 117, The

""U

antenna 112 is also mounted on the flex PCB 117. The status LED 116 is mounted at the top of the
pen 101 for good all-around visibility.

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

or stylus nib 121 out through the hole 122 in the metal end piece 114. The pen 101 has three states of
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credits the correspondi ng application provider's account 827. It also
notifies the application provider. N PX033-SC 50 If the application

provi der needs to credit the printer provider, it sends the printer
provider credit to the original page server together with the hyperlink
request I D. The page server uses the hyperlink request IDto identify the
printer, and sends the credit on to the relevant registration server
together with the printer ID. The regisstration server credits the
correspondi ng printer provider account 814. The source application
provider is optionally notified of the identity of the target application
provider, and the printer provider of the identity of the source
appl|catloﬁwﬁﬁﬁwﬁxﬂﬂmﬂg@emNEW?&«EEhPENwBE$€RhﬁW¢w§€w 6.1 PEN MECHANI CS
Referring to Flggﬂagggmgngiﬁt the pen, generally designated by reference
nunmeral 101, g&%ude a hou5|ng 102 in the formof a plastics noul di ng
havi ng walls 10 WP At or space 104 for nounting the pen
conmponent s+ The m@mammpmﬁﬂgxnsmbmunmamahﬂQHQmﬂbanahiy nount ed at one end
106 of the housi e ren over . 107 cured.to the
opposi te end 108@%?909%%{%%“%&’ nlg &W%?ﬁ%hg%%?s 7 1S e hI"’gcs)'llflo AT ded

pl astics, hendng 192 The reehd flpobREs g feered AEDFaL for Pra\hdmg infrappddatiatibro enabl e

t he user tfr Mbjeéﬂoﬁ hfo Bt altds. Ah ﬁa@@sehs%plmyﬂ%ﬁﬁbd%m&d’]ontt&esemgﬁ!:xnl&Bloz The
cover 10712h cludes a,nmin i ch. substanti al Wi\éi surrounds the end
i

108 of the °f§“’°?f§ﬂ%§“§f\&d§“°nﬁfr°8’] et 1 [BorETSiHS RiEnmprsdets back
fromthe nfeamenpeadhip 130 highthelpdes gn BF trdmbmitter aGORF e&p@ﬂdndrhg:ontﬁyllﬂtchlﬂl 134 far f or med

i n_the vl dofechfig oftkaibdl6r AMEH A0 Ak Oftcs PodkAdh g?rg.g& R Roddd ol IOUQLET DeRi nd

t he prolectlng portion 110, Crew t s 113
sur roundi nREEe R IQY é“dM‘Sﬁtscﬁﬂ mffaf?é b&%&/@}m @BW@W@%WW@E@F%@H@E@@ ve a
metal end iph@Gensdl42. PoRlsugiyngres 036l BERA M c&gpo&i@ﬁsaw tﬁehsEc%ﬂdjﬁex pEB5129 I;he et al

end piece I.S. renpvabl e to en ble ink c enment
nount ed V\nbtja%%ﬁ&o ﬁcts %v‘%?clh TS ‘gmtﬂ’r“? {-hco lt%g 6°°8ﬁ°‘%1t°ﬂ‘ ex PCB
117. The batnesenacts| B2 apdgheydam barred 133t & threg Nolt tacharz¢ablk bP@B 139 sts willlieths taat us LED

116 is MOURLEd2Eh bdbet mthftau&p@omaa@%&%ctfogehaggggqmﬂim ,ﬂrﬁaﬁi@aiab%mﬁeb' lity.

The pen can operate both as a normal mark en and as a non- narki ng
styl us. AR cxﬁgﬁ LEhP erarls gshatetug chihe Retisyd 39 ioindistona Thessrpridlen BEB W% h st yi us
nib 121 arasomoumt EﬁdnfﬁtedeEby4ZEandGlﬁ‘ddedl Friotvdiotide4 h@uad:cﬂ@ dls@@cen&tﬁlhﬁé caluhe l nk

cartridge ca be br for
open end 1% 1% hgglth%l{lgﬁi S%M ?ré(? ﬁ"d {"13 |on “3? lﬁﬂi‘gfﬁ’éﬂa Pc?p 105.
Respect i véletglmﬂﬂé?n Blthsdeee 1!!?@3 appélwo ]1@4ur&tpfebYrMne@ 1 Portstytss nihk2ic Ah¢ IR dge 118

and st yl ushdigfode neSREEE lléi@ kr¥m o 1 Qtﬁtlap'lr&reﬁ@:mrst{ﬁ& sﬁ:lwn)llgghnte& §11 BE Gidk ed to the

pen top 1 ion and arranged to rotate therewith. The cam barrel
125 |ncI8’2"§{§sq§§)¥"§r’r§}126 inthe formof a slot within the vvaIIs 181 of the

cam barrel . Cam Rubbdrqvigpals 117and 142 are provided towards the end 108 of the housing 102 to

assist gripping the pen 101, and top 105 also includes a clip 142 for clipping the pen 101 to a pocket.
6.2 PEN CONTROLLER

The pen 101 is arranged to determine the position of its nib (stylus nib 121 or ink cartridge
nib 119) by imaging, in the infrared spectrum, an area of the surface in the vicinity of the nib. It
records the location data from the nearest location tag, and is arranged to calculate the distance of the
nib 121 or 119 from the location tab utilising optics 135 and controller chip 134. The controller chip
134 calculates the orientation of the pen and the nib-to-tag distance from the perspective distortion
observed on the imaged tag.

Utilising the RF chip 133 and antenna 112 the pen 101 can transmit the digital ink data
(which is encrypted for security and packaged for efficient transmission) to the computing system.

When the pen is in range of a receiver, the digital ink data is transmitied as it is formed.

When the pen 101 moves out of range, digital ink data is buffered within the pen 101 (the pen 101
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and 128 projecting fromslider blocks 123 and 124 fit within the cam sl ot
126. On rotation of the cam barrel 125, the slider blocks 123 or 124 nove
relative to each other to project either the pen nib 119 or stylus nib 121
out through the hole 122 in the netal end piece 114. The pen 101 has three
states of NPX033-SG 51 operation. By turning the top 105 t hrough 90

steps, the three states are: Stylus 120 nib 121 out; Ink cartridge 118
nib 119 out; and Neither ink cartridge 118 nib 119 out nor stylus 120 nib
121 out. A second flex PCB 129, is nounted on an el ectronics chassis 130
which sits wthin the housing 102. The second flex PCB 129 nounts an
infrared LED 131 for providing infrared radiation for projection onto the
surface. Afciipgeludsen e agpeed o sroditidbidk datafat @drogmattlh é2 segend tfelpex PCB

129 for reﬁ@hybmge§@$£ﬁﬁg@gbg@Q&ﬁ&&gﬁafron1the surface. The second fl ex PCB
129 al so nounts guency chi whi ch i ncludes an

133
transnitter and Ct‘)%t&"g?r\fg’? HRge teéé’ﬁﬁlf: Eﬂ"‘?”étﬂe’b]f‘ﬁ:]?pufﬂth?ﬁfl IOICB‘I&"ET%Q l'i ng
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137 which are nomﬁet&dcwt&iwrlamﬁ ey ﬁaﬁaebarc&n%blilr;l@éeces%ortﬁs BuRaks d3fecOnnects to
the batter con%g 1?51 137 and the A three volt rechargeabl e

bat tery 190 RS (4 B HEPATH S RIS, 5% St BEen 7 o b2 1 ery
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PCB 129 t ayanabhnSel RS 0oRke 108 PaLLEIY,139 Via nduction. The second
flex PCB 1 al so nmounts ‘an 1 nfrared 3 and infrared photodi ode 144

for detecting di SpIMaREEFEReT Pisrfachd ST dtagsa itk | the PBespraser dpd He transepivesst y| us
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det er m nat; appl,.ed to hesrfa e pen nib 119
or stylus thefides: ftF Qﬁmq Rﬁ“’f 3o o ”dle%% g‘ﬁ r#zt he IR LED 143
via reflectors (ﬁ@tcostmﬂm)mmemtléﬁcaynuﬁsh@ édcvddetocatlbﬂi dok §orfk 2@s dngl B2 4.
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housi ng 10 assi st ‘ﬁ pi ng t he pen 101, so I ncludes a

clip 142 f%? a4 15piHddrs a%eiadtﬂom&lm&atafe@tmtbe ?‘DCPENSWWLER The pen
101 i s ar resdyechetfomaet @HINIRL ginb@l-ROSRIMMNprokssort S Ni b (styl us nib 121 or ink

cartridge nib 149) by i - he infrared ectr [ea of the
surface in the v?%l B GSSOF? %ﬂal Eantsﬁeltver FaREEHE ¢ Eﬁmce V%rc%l ?@n Eaf’t A% om t he
near est | dﬁﬁt’qnéﬁlfﬁuﬁd“)aﬁﬁgq %ﬂsarrlﬂfalfﬁ@eél% @aSémemarWdﬂ’émtdrﬁéZIéﬁ DRaNCH8aefe the nib

121 or 119nidrfani hgnghe%ﬁ;ou&mst@hnmgﬂﬂc%ina&e@p(kvs%cu&%% ADRE cORLbRLIer chip
134. The co tro 4 calculates the orientation of the pen and the
LS FPufe i

ni b-to- tadrl af et ° FRAILTE " Pve distortion

The image sensor is a 215x215 pixel CCD (such a sensor is produced by Matsushita
Flectronic Corporation, and is described in a paper by Itakura, K T Nobusada, N Okusenya, R
Nagayoshi, and M Ozaki, “A 1mm 50k-Pixel IT CCD Image Sensor for Miniature Camera System”,
IEEE Transactions on Electronic Devices, Volt 47, number 1, January 2000, which is incorporated
herein by reference) with an IR filter.

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

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

In an alternative embodiment, the pen incorporates an Infrared Data Association (IrDA)
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observed on the imged tag. Utilising the RF chip 133 and antenna 112 the
pen 101 can transmt the digital ink data (which is encrypted for security
and packaged for efficient transm ssion) to the conputing system \Wen the
pen is in range of a receiver, the digital ink data is transmtted as it is
formed. When the pen 101 noves out of range, digital ink data is buffered
within the pen 101 (the pen 101 NPX033-SG 52 circuitry includes a buffer
arranged to store digital ink data forszapproximtely 12 mi nutes of the pen
notion on the surface) and can be transmitted later. The controller chip
134 is nounted on the second flex PCB 129 in the pen 101. Figure 10 is a
bl ock diagramillustrating in nore detail the architecture of the

cont r ol | er'vEricpor gartrmpqampunition vgd a bash yeiisn prepessemtiait i ons of the RF chip

133, the i mage Sﬁﬂ&@ﬁﬂh%&nboalﬂ%tt@e p&ph(ﬁr inSh B! W Spad: BP odidlRonal Qc%ehlzraneters
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i ncluded. An anal og-to-digital converter I's arranged to conver? t he
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surface via the |ma%e sensor nonitors the force sensor ot odi ode 144,
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transcei ver conponents ranscelver ccontro 153" al asepand Circuit
154), i magecekErsisE W’éﬂr#&&@@g}&@@}mm ashthartino fuyativn 7 amfkds Q@Kammsms are

i nt egr at edictuinBest dgh.e control ler ASIC. Anal og RF conponents (RF circuit
155 and F{F7 resongt ors |§1nd bnductors 156) are provided in the separate RF
chip. The Tmage Sensdr THERPSEIPSPE i xel CCD (such a sensor is produced by
Mat sushi t &-1 El ecBriomERMEOmNIST at i on, and i s described in a paper by Itakura

K T Nobusada, N 50k- Pi xel

CCD | mage Sensor (L){}?I%%ﬁ%fngﬁﬁeﬁ E@ﬁ%&hgﬂﬁpgﬁ% q‘ﬁ%ﬁssﬁ‘ﬁé‘ﬁﬁiﬁ% [s) Illg ‘on
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qui escent state after a period of inactivit
duplexed print engines 602 and 603 which print both sides of a sheet sunultaneously in full color and

with full bleed.

An integral binding assembly 605 applies a strip of glue along one edge of each printed
sheet, allowing it to adhere to the previous sheet when pressed against it. This creates a final bound
document 618 which can range in thickness from one sheet to several hundred sheets.

The replaceable ink cartridge 627, shown in Figure 13 coupled with the duplexed print
engines, has bladders or chambers for storing fixative, adhesive, and cyan, magenta, yellow, black and
infrared inks. The cartridge also contains a micro air filter in a base molding, The micro air filter
interfaces with an air pump 638 inside the printer via a hose 639. This provides filtered air to the
printheads to prevent ingress of micro particles into the Memjet™ printheads 350 which might
otherwise clog the printhead nozzles. By incorporating the air filter within the cartridge, the
operational life of the filter is effectively linked to the life of the cartridge. The ink cartridge is a fully
recyclable product with a capacity for printing and gluing 3000 pages (1500 sheets).

Referring to Figure 12, the motorized media pick-up roller assembly 626 pushes the top
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101 is not in contact with a surface. It incorporates a dedicated circuit
150 which nonitors the force sensor photodi ode 144 and wakes up the
controller 134 via the power manager 151 on a pen-down event. The radio
transcei ver comuni cates in the unlicensed 900MHz band nornmally used by
cordl ess tel ephones, or alternatively in the unlicensed 2.4GH industrial,
scientific and nedical (I1SM band, and uses frequency hoppi ng and
collision detection to provide interfeggence-free communication. In an
alternative enbodi ment, the pen incorporates an Infrared Data Associ ation
(IrDA) N PX033-SG 53 interface for short-range comuni cation with a base
~station or netpage printer. In a further enbodi nent, the pen 101 includes a
pai r of orderbdisaal Toachemediomspet srapersenerad tiedint brent rrainendl2 iph tmduddxed he pen
101 axis. Nibife@®CHEkRIOMRNSE ST o qweﬁue%rhqm dnBin&! @y ﬁﬁso@ a@mounﬂeQ ik By ghost

outline. The I‘OVISIOI’] of the accel erometers enables this enbodi nent of the
pen 101 t o°PEEHE & 15S5t9r gl PRy eion plapsethetiRishirarcs pat dber e Ot is greve i,
al | owi ng tthefibtpeimtehgir HABSInkHl R wedFbia raters®24. G’ME;EosmdSIﬂeIn@ mzeEa&Ja phgacat i on

tag 1D Cangl k% sécpﬁg tfullfl%g(?‘pruﬁpé eo(r:nEneOf 'P]?(&gg %3 E‘mte stirgu eousgz %1 Pﬂsillﬁ%ml gre?rgn ¢

t he surface. or exa user 1n
(e.g. a cdmﬁhﬁ@stmms%mw t hen the tag | D of each location tag within the

area of the i npufrheedagemg tlfée}ﬂst %&ﬁ@h Mt QERt60 mréugﬁa éeppf%wﬁkue&ﬁgﬁlke The

accel eratian rreasure accel eroneters in each the x an

di rect i ons*Ieeds @igfed glpug %ﬂs‘wgl’“r\pa?%%%t“’h{%a‘iﬁa&?é‘“t brbbreserd cellenThesa skiknt aneous
vel ocity aWtelp@Ssiadt itHaMwet’ Slnﬂl@tﬁsuﬁ’ﬁlﬁ a&i@ﬁﬁnh@@ RO Gk ble@F0DMtoltRQecdhd I@Jﬁﬁetﬁs not
known, only. rel. até ye positions within a stroke are cal cul ated. Although
position in eg% aetl on accunul ates errors in the sensed accel erati on,

accel eronet ers t §yférde ¥ fighrep i@ ad 1§ threpsmst €04 iposes fremdletilhréexedmtedmmaﬁwon of a

stroke, ov . € hSem ed pa; ednr a e
DESCRI PTI §& $t§ %R?%%RS%NEW%%%S ﬂvgerp%%}:%;l%e?w ?no%'ﬁgtgﬁgﬁie?%ag% 2

wal | pri nt fifzous ArBRRT PRF pd ancthepmpalle ale withi S@‘Ber‘éheiliand FERomgRdncomet pages
on Lett er/ghd vdied eThe mclitde wibichg adibtﬁﬂlﬁKBdls 8%ntdvama aieﬁl\/kupjsdnrﬁracﬁéa ghd’lﬁi‘s 602 and

603, as el xd s.a strail aper ., pa wth
t he paper %%%%gg"srgﬁgq{ ﬁl%(r)f%(%hat LR ﬁre+ gxfe fo wa 1At bﬁﬁl ﬁ%é’pﬁﬁﬁnsg%d%% whi ch

print bot We@{a&é@t%f’w&fsslh%@ms@ftrrul taneousl Y, | n full color and with full

bl eed. An integrabe thheegasmgrm ) OQQBLM}E wBicH Hle??}?@fmﬂl R taflg Ong Otne
ereto e pl’eVI ous snee

edge of each ) | ow ng.
when press?8 l'ggg}ﬁf ?FWE glu‘? ’EuPﬁ’i'h‘?SE riEem S ink caririden 02 ol dle B mEHE g1 ewhi ch can
range in twikedkwiddsabbarignadonise $hegillatyoacs@v@foagh hadisldiord /6 heREShousing 682

surrounds the giue wheel, with an opening at the front. Pivoting side moldings and sprung outer doors
are attached to the metal bracket and hinge out sideways when the rest of the assembly 673 is thrust
forward. This action exposes the glue wheel through the front of the molded housing 682. Tension
springs close the assembly and effectively cap the glue wheel during pericds of inactivity.

As the sheet 604 passes into the glue wheel assembly 673, adhesive is applied to one
vertical edge on the front side (apart from the first sheet of a document) as it is transported down into
the binding assembly 605,

7.2 PRINTER CONTROLLER ARCHITECTURE

The netpage printer controller consists of a controlling processor 750, a factory-installed
or field-installed network interface module 625, a radio transceiver (transceiver controller 753,
baseband circuit 754, RF circuit 755, and RF resonators and inductors 756), dual raster image
processor (RIP) DSPs 757, duplexed print engine controliers 760a and 760b, flash memory 658, and
64MB of DRAM 657, as illustrated in Figure 14.

The controlling processor handles communication with the network 19 and with local

wireless netpage pens 101, senses the help button 617, controls the user interface LEDs 613-616, and
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The repl aceable ink cartridge 627, shown in Figure 13 coupled with the
dupl exed print engines, has bladders or chanbers for storing fixative,
adhesi ve, and cyan, magenta, yellow, black and infrared inks. The
cartridge also contains a mcro air filter in a base nolding. The mcro air
filter interfaces with an air punp 638 inside the printer via a hose 639.
This provides filtered air to the printheads to prevent ingress of mcro
particles into the MenjetTM print headss350 which might otherw se clog the
printhead nozzles. By incorporating the air filter within the cartridge,
the operational life of the filter is effectively linked to the life of
the cartri dge The ink cartridge is a fully recyclable product with a
capaci ty f s apd sypchyegizes thy RyP Qﬁ%d%@@@ﬂﬁ%ﬁ‘g@@ EitBdes ek cayists fafeadiviong t o
EIP (SZ]( 3 g g éé p5di-fhﬁ]4 ﬁmigaéetazlﬁﬁboﬁm&b@pr@detgsﬁr R dé)ﬁﬂ‘ohlt@lé pﬁaeiﬁﬁ?doycoﬁl%@nda{é%}ﬂ&hé he t?ﬁ
shee ire m t he [ ray past a paper sensor on e
first print engrpamgdss (%1 % athP'ig'g‘ Sﬁeﬁ%fegggﬂsg Renj et T™M print head assenbly. The
two Menj et TM prl Ate &fYiDIRs rG0Gzcamd GOBresr prearBivatividns  an ne@maqunt&gsi n-1ine
sequenti al coﬁ@ﬁ&b@ﬁﬁ%@-ﬁh&? EAUHORG: duARe &h&(ﬁ%@faan@saﬁ%ﬁllélsgrﬁi;p gn:ﬁ) % eto 604 I's

drawn into the first print engine 6 I ntegra -up rollers
626. The pB¥FprEbMemisg” Hinheaddfo ! frgdes: af A0 pagesrenieee)a g dﬁRktde ivlneed

printing C@Qﬂ%ﬁtﬁﬂlersﬁhr%&tﬂlél&sbﬁsﬁdsﬁﬁ&%e&id@l taneously to aid drying in
t he shortest pos?hb e line. The F 7§XI'[S t&e first Menj etTM print engine
602 through a se SO RF SEpUsGoPod g ol B8 PERgl F@FP@H “af BAYrHeE st rai ght
paper pat h}iagemommca@tmagalms@@mmlﬁbﬁandmdlkmatrﬂdﬁQAéﬁﬁpeﬁe spi ke wheel s

contact the " wet Anfdt &dkS ' s 4 into
t he second gt/lghgn]getTl'lI'aE/lFr Q{‘I nttr 13{%:&%3 %%&%%%fg??{[gn%&g'% %ﬁ&t&:&%ﬁo%g 12a, the

paper 604 P P Sf’%ﬁ? Vs erapsieatientay Thitis @aigl wawingmrory Afitpt B@Bfnllﬁnt o the
bi nder assenbly ®6&5rocdhe 7p0, lmPetiS’ipﬁgalgﬂaa&sle&waedoﬂ@&ﬁmﬁ(u&ﬁ&@kﬁ@ﬁcﬂk#e wheel

I 670 I th K
%egl s and?‘% %%ﬁ%g%}%ﬁ% 75%?'99 rrateé)m aes&%?pomftﬁfgp%gggﬁ%g Cg%(l?f)ge”\ésms < en’ts)|p;/ e

673 i s nouRF éﬁ"uttdfamﬁé‘fam@t?mﬁ indiptagT 661 araprdvided i & separata RE plop 7€d Theor war d to
i nterface nsbwbohk ikil@icdQWRIEH5 R%p8raf fheV} f_}%a%@m Qﬁouﬁaﬂig hedbb0 n{)fn&ct?ogggslr&af t.

separate tor F?owers this canshaft. (g asse consi sts
of a parti 5‘1“[”986 79 ?f\ﬁelﬁﬁTI@teéféaSWF‘PPrh“ﬁd‘f‘ e ?1’&56%\1641‘@9@% 6Y7Healyl ue
suppl y hosﬁkﬁ@lﬂfepmﬁghecdm&kucesamirepigﬂdeﬁwsepa}lékli@l@sxl e 679 connects to a

gl ue wheel, gmﬂl’gso dhes ill ary ctl n t hrough radi al
hol es. A nol ded %g’um hg f gﬁoak lsngerdlracgunrlﬁbﬁ%est ﬁ% Bré) eé c}?p\rlﬁ e En"Bp€ni ng at
t he front .nePpPkgteripge %ﬁldied Asiothln géocalmdmslpfrrwn getouk ererfde 53 Negne matwbached to

the nmetal heas Kﬁérfa@?ﬂclﬂdeﬁﬂﬁS%Henﬁ'l@y%ﬂ@Y§er‘@8§ﬂI eﬁcam@ﬁlgdegé Iéﬂeﬁl@éalgnb' y 673

i s thrust his action exposes the Ar ou front of
the nol ded’ S&rdi’Pga a@%‘f UAERETD ﬁ““egtﬁ‘r“ii H‘“@‘Ege&?’%’é CTHH]ér %@@@W&?C@W #ff ecti vel y
cap the glmlewﬂméllocd (WLNgrape¢ivessdBocalfintérfiees incMae IPEE 1284 (parallel port), 10Base-T
and 100Base-T Ethernet, USB and USB 2.0, IEEE 1394 (Firewire), and various emerging home
networking interfaces. If an Internet connection is available on the local network, then the local
network interface can be used as the netpage network interface.
The radio transceiver 753 communicates in the unlicensed 900MHz band normally used
by cordless telephones, or alternatively in the unlicensed 2.4GHz industrial, scientific and medical
(ISM) band, and uses frequency hopping and collision detection to provide interference-free
comununication.
The printer controller optionally incorporates an Infrared Data Association (IrDA)
interface for receiving data “squirted” from devices such as netpage cameras. In an alternative
embodiment, the printer uses the IrDA interface for short-range communication with suitably

configured netpage pens.
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As the sheet 604 passes into the glue wheel assenbly 673, adhesive is
applied to one vertical edge on the front side (apart fromthe first sheet
of a docunment) as it is transported down into the binding assenbly 605.
7.2 PRI NTER CONTROLLER ARCHI TECTURE The net page printer controller consists
of a controlling processor 750, a factory-installed or field-installed
network interface nodule 625, a radio transceiver (transceiver controller
753, baseband circuit 754, RF circuitss755, and RF resonators and inductors
756), dual raster image processor (RIP) DSPs 757, duplexed print engine
controllers 760a and 760b, flash nenory 658, and 64MB of DRAM 657, as
illustrated in Figure 14. The controlling processor handl es comruni cation
with the nE&fdor k RIFEREONANRPRBENE Wi rel ess net page pens 101, senses the
hel p button 617, ca@ntd B4iSprbddQolBe hasl rldeREd AG QerltEPB @Je&ﬁ&&@pag@ﬁgoutsuﬁ)c?@?’?" SG
, 55 feedgigagxgxnch%gnizes.g P DSPSI;§7 ?nd print engine controllers
760. It consl STE™GE NS WHE" H& P BT 8 DSERNEY al - pur pose ni cr opr ocessor
The controlling phoRESIET rafteirc coimpemsidestigion wid dombrias thepnstdiedqiagH iage.

control | ersefGf dec@_sd?'stpﬂeQQEhsoQﬁ sél%%e%ag@ ljhsme%gr T@Q&plgjg%a?é%%d-gggngg rize and

conpr ess paﬂe déscriptions _to the netpage printer's n‘geesse page
format. Ea®HUR%PHE At prsh Bohtiterizr arererxipagasisthe BSRsiven Awayp b kspt npysiupage

i mages to dntahinaBamaBirat @dorbrhet T P géndlkhRAthrdHOmébry. eﬁ%; Tntaieéyf‘on(ﬁ lea@s bat hover
30 pages .nut e) . The. dupl exed pr.in ngi ne controllers print bot

si des of gtgé?{geggg‘g f)rﬁﬂsggﬁlg%ﬁglwy‘?nmlsﬁgm sss"?%‘?”%’?elntﬁt engi ne controller 760a
control s the pap¥#stemrgmspens in Gnpherdaérptensid rkerizedsa g goritame-eorijtionditleen Wi t h
the mast ervitdfp GhiMs BARssBNImbrhGeditheofiid Gide dQEER f il Pirt (BT COI]EI%SSQC{ dallt €1

controller's flash nmenory 658 hol ds the software for both the processor 750
and the DSP&°757, as well as configuration data. This is copied to main
menory 657 at bo®te itdfranel. (R Heepefalzasmed pahbQontddSReded ndtpagags fliaQichsal of
transcei Ve, Qunanent S, 4t [ n I 753. and baseband circuit
754) are in?eg?gt ed in a a%?%g eg_lth\é %ﬁeﬁgl tl%ﬁiﬂg %ntécggl.ts’ ﬁ‘%a'%‘)eoggﬁﬁ&%%?r%onents
(RF ci r cui®eh735s sepdetmuringgeteatagpsang piered in g eenoressed 58y inmge provided in a

separ ate RF chi proé6ain er@ssoﬁﬁb%ﬂ's& Hamtgﬁicﬁ(ﬁggerm%sl & Mpiex%d%ﬁﬂ‘%ﬁgﬁe& si nce
net page pr.i t he network c ectign to be factory-selected or

ters o )
field-sel ¢t ed™ ﬁ?dagﬁéﬁ%b?rsﬁmﬁé@%ea%?‘ﬂém’ﬁ& 8 SRR TS50 ARB24RANE 652 | s al so
of f chip. mwerypmd sertseirgigeexmoniduraod pratie pilneallage gapaamorted pinfingiefipdliaise ASI Cs.
A variety b@éauga@thy&ﬂ.gﬂscdc?%es&ofr@&%nﬂpgum%i-ﬁ?ég 5%; rpggel af}l?ggan £agh, providing a

net page network_ interface 751 and optiona a orrpllﬁofrsyr' or network
interface 7752. NEWFNSNFSIOWFRALER nt er net i nterfaces incl ude POTS nodens,

Hybri d Fi ber - Coarhe(plffexpaaadil 44 B@ﬁ%pelibe%%c%ﬂt%ﬂﬁme cohtflticrTB6 E¥Bists Srat e! lite
Lr anscel VLS ol iR 5ol MR IR0 FhilP it detbad’sh & GRART Gty FFRCE VEr S,
decoder 764, a custom halftoner/compositor unit 765, a custom tag encoder 766, a line
loader/formatter unit 767, and a custom interface 768 to the Memjet™ printhead 350.
The print engine controller 360 operates in a double buffered manner. While one page is
loaded into DRAM 769 via the high speed serial interface 659, the previously loaded page is read
from DRAM 769 and passed through the print engine 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 (at 764) the Group 4 Fax-compressed bi-level black layer, and renders (at 766) the bi-
level netpage tag layer according to the tag format defined in section 1.2, all in paraliel. The second
stage dithers (at 765) the contone CMYK layer and composites (at 765) the bi-level black layer over
the resulting bi-level CMYK layer. The resultant bi-level CMYK+IR dot data is buffered and
formatted (at 767) for printing on the Memjet™ printhead 350 via a set of line buffers. Most of these

line buffers are stored in the off-chip DRAM. The final stage prints the six channels of bi-level dot
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wireless local |oop (WL) transceivers. Local interfaces include | EEE 1284
(parallel port), I0OBase-T and 100Base-T Ethernet, USB and USB 2.0, |EEE
1394 (Firewire), and various energing hone networking interfaces. If an

I nternet connection is available on the |ocal network, then the | ocal
network interface can be used as the netpage network interface. The radio
transcei ver 753 comrunicates in the unlicensed 900Hz band nornmally used
by cordl ess tel ephones, or alternative in the unlicensed 2. 4G+
industrial, scientific and nedical (ISM band, and uses frequency hopping
and collision detection to provide interference-free conmunication. The
printer controller optionally incorporates an Infrared Data Association

(1rDA) i nir fndlk@ind Béativep© ﬁie‘!(/[eﬂ:ﬂaﬂd@ﬁﬁea@ﬁ@‘vfat&@gnmﬁe%@megﬁg hgges such as
net page caneras In an rgll ternative ﬁrrbo iment, the printer uses the IrDA

interface for shoptf PFARGEPEE RN CCUPISH 7R ° vsstiin W0y, suehopstin guivelexedet page
pens. NPXO@@ﬁﬁﬁméﬁﬂﬁyzwbwﬁ&SEERWﬁAmbﬁkﬂmNEMBR@MiWNGOGBQﬂehﬂ@m@ﬁkﬁﬂprOcessor
750 has regRived @pg: 0

obj ects, || Lr it BBl bt B LR i P By Bl SR s 757
rasterize each p§&@”8é§@PFﬁPF@hfEﬁdmﬁwﬁﬁﬁ@%@ﬁﬁbgm%asﬁ§1@zadmpagegmaage

The main psageeassasivon aﬂ%&@n@ﬁsam@ em@@am RAGET 10RAS 160 IR bus 1€

si npl est wa Xcmﬁ~L al an ce §;p|e DSBS is to let each DSP rasterize a
separate page gw%gﬁog| be kept busy since an arbitrary nunber
of rasterized palfethe 8&hyersiqns géthelnaﬂrage peintest by & pirint dRBIR@Iey¥ch pFiflis 30 Skdeat egy
only | ead %agés%erg%ﬁpglbﬁl tﬁeymr%%ﬁcng?% of{{ﬂel plakg(q}’%%xmmmelge Ea?esc;[f Bl I 2 At lzﬁggor t

docunents. v&bgrnar regions In the page des ion are ras to a
cont one- r §9b1F & VB‘iS“’?Se‘\‘;&e netpAge H%‘ﬁera/%ﬁ &R prit eP&H@SF@SW 46 dntter emeemEic t O

_ne]gl i gi 3I amsu( Blzi?mm gh?t difierfsion Bﬁh@?@é (3ash), bildigg 5%}251:@&31@% Wa0fhese 11BQRs The
infrare r .of t inted.p ains coded netpage tags at a
density oﬁL abot; SF§()ﬂQm? megafﬁ?ggamg 8H@§“¥H@m$§b@e Pysent degfen D, and

control bFW@?kéﬁHH%he data content of each tag is generated during

rasteri zatgeneusigh stored in the conpressed page i nage. The nmain processor
750 passes back-to-back page inmages to the dupl exed print engine
control l ers 760. EREHep A lordrigPive desehed Bith eferepago gprskared ertediponpressed
page i magewinber iof $edifeCatbmative SioflimeR ) Mosay, ktSwill h@appﬁgﬁecﬂ?srﬁﬁ’dg§§kﬁﬂd angk printing

pi peline. I rinting is elin se it iIs

i mpractica g%%‘%?%@% aﬁmgﬁog?e ET%EE% dﬁgggié iﬂﬁmﬁﬁﬁ%mﬁﬁﬁabwﬂh menory.
7. 2.2 PRI Nipo Bt teonTiRod sfRe Tihe pege ioxpian sicondighit pill etundgstdil ped | ne of
the print sengicA@nGo iRkl «vw1R0in5RMS st %pe@ii‘ic Smbodiments described in the present

specification, including documents incorporated by cross-reference as appropriate. The scope of the

invention is only limited by the attached claims.
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hi gh speed | EEE 1394 serial interface 659, a standard JPEG decoder 763, a
standard G oup 4 Fax decoder 764, a custom halftoner/conpositor unit 765,
a customtag encoder 766, a line |oader/formatter unit 767, and a custom
interface 768 to the MenjetTM printhead 350. The print engine controller
360 operates in a double buffered manner. Wiile one page is |oaded into
DRAM 769 via the high speed serial interface 659, the previously | oaded
page is read from DRAM 769 and passedst hrough the print engine controller
pi peline. Once the page has finished printing, the page just |oaded is
printed while another page is |oaded. The first stage of the pipeline
expands (at 763) the JPEG conpressed contone CMYK | ayer, expands (at 764)
the Group 4L4¥H. conpressed bi-1evel black |ayer, and renders (at 766) the
bi - level netpage tag |ayer according to the tag format defined in section
1.2, all in parallel. The second stage dithers (at 765) the contone CWK
| ayer and tonposhhﬁﬂmﬂafeiﬁﬁm1kaemaﬁuﬁﬁvﬂﬁc@hﬂ&kxh@menmﬁmgﬁnak&ﬁmkESU|ting
bi -1 evel qgg yer. The resultant bi-level CMYK+IR dot data is buffered
and formatted ?at 767) for printing on the MenjetTM printhead 350 via a
set of line buffgr e off chip
DRAM The fi nal %tlgargh@%tfﬁ? Ec’nga“%’gé%ﬁi{l“%: gﬁ%‘lg@ {5168 ol eﬂ"ﬁf”’ga‘id m"fﬁg‘f-’&oss SG
57 data (ﬁﬁ’é@rdd‘a‘?ﬁ&qu‘&%ftal%‘r)tﬂr% Frld matimgempeermrgsiferend 350 via the
printhead interface. 7%8 When several print engine controllers 760 are used
in unison, such ™8 RIYIPRELRE  configuration, they are synchronized via

a shared line SypC s nal. 770. r ected via the
ext er nal naster%slaveqmaesﬁﬁﬁaéggéér esBFﬁ”°f¥%%“§?ﬁ€?§?&%%f&ﬁﬁﬁm%nto t he
shared |ine. 1?&?$W$ﬁ@mwﬁgmﬁ@ﬂbmﬂMW€Whep%ﬂ@@ﬁbmwmamﬂwﬁamhmmkspeed processor
772 for synchronizing the e expansi on and rendering pipeline,
configuring thé@brlrﬁﬂﬁ§§H”3§@39Fa a Iomfspeed serial bus 773, and
controlling the stepper QD r31675 GEQQ (E the 8' /2" versions of the

net page printer, the”two %? i lewh i L e sedyd ??ﬁ?@‘%ﬁ?ﬂﬂﬂﬂ%ﬁmeTﬁmﬁ% per

m nut e al ong the | ongagis;nensi on of the page (11"), giving a line rate of
8.8 kHz at 1600 dpi. In the 12" versions of the netpage printer, the two
print engines each p(Fll nt@te%nﬂl_aeptl@%“@a@’ésntb@ﬁpmm‘img@,Oéht@agsww@f&hort

di mensi on of the pageddidds;) . g|V|ng aline rate of 10.2 kHz. These line
rates are well within the o n gquengc the Menj et Tm print head,
which in the current(§e5| ‘B i 8%“@6 ?ﬁbd%fNEﬂUSICN The present

i nvention has been cri th r ferenc referred enbodi ment and
number of specific a d(ﬁ'ern Fﬁﬁﬂ%; oﬁmm}o ﬂﬁ%ﬁ@$§fmks “%i 11 be appreci at ed

by those skilled in the r(ﬁhﬁﬂc@@ﬁgdﬁﬂa%ﬂﬁw&ﬁﬁﬁes@nﬂ& .o f other
enbodi nents, differing fromthose specifically descri , wll also fall

within the spirit and scopg)®fcask b Pmeaadit dhid YRIHokiRR- dalGEORELAGE Yot 11 W 1]
be under st ood t hat

being indicative of the sensing device’s movement relative to the
interface surface, the position data being indicative of the sensing

device’s position relative to the interface surface;

the method including the steps of, in the computer system:

(a) receiving the indicating data from the sensing device;

(b) receiving at least one of the movement data and the position data from the sensing device;
(c) identifying the signature field on the basis of the indicating data; and

(d) operating the computer software at least partly in reliance on at least one of the movement

data and the position data, and in accordance with instructions associated with the signature field.
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the invention is not intended to be limted to the specific enbodi nents
described in the present specification, including docunents i ncorporated
by cross-reference as appropriate. The scope of the invention is only
limted by the attached clains. NPX033-SG 58 CLAIMS 1. A nethod of enabling
user interaction with conputer software running in a conputer systemvia:
an interface surface containing information relating to the conputer
software and including coded data indjgcative of a signature field relating
to the conputer software; and a sensing device conprising: (a) an inage
sensor adapted to capture inmages of at |east sone of the coded data when
the sensing device is placed in an operative position relative to the
surface; ahd (b)Te nrtod eseding &ddqit: & dintlating(the) stapché merififing thet af lemsdne 9O of t he
coded dat ay byl AFun®foc BRIt Bha LSk ARt Bffen o HRGEHinebldr) determine an
orientation, wthin the captured i nages, of at |east sonme of the coded
data; (iii) decode at |east sone of the coded data; and (iv) generate,
‘using at |east sone of the decoded coded data: (A)indicating data

i ndi catives.of t heheSie@B@icttr@ing th elhieh 2, Aelcki{gB)e s&p of idAGHnpMeuaf novenent data
and position data, the novenent data being indicative of the sensing
device's novenent relative to the interface surface, the position data
bei ng indicative of the sensing device's position relative to the

i nterface %urfacke methed sreeriiogiioichiist L chagn thigersf éfseifne th yserfinspdes osiant er
system  (1dst dn€6BhihdBmdnlitala Skttt a from the sensing device; (b)
receiving at |east one of the novenent data and the position data fromthe
sensing device; (c) identifying the signature field on the basis of the

i ndicating data; and (d) operating the conputer software at |east partly in
reliance oh at | Beshetpdacofdinghe clhipybmdnrtein tiapacessadisthresep withit thorserdiag a, and
in accordaggg. Wi th instructions associated with the signature field.
NPX033- SG 59

6. The method of claim 1, wherein the processor is adapted to operate at processing speeds

ranging from 1 instruction per second to 1x10'* instructions per second.

7. The method of claim 6 wherein the processor is adapted to operate at processing speeds

ranging from 10 instructions per second to 1x10° instructions per second.

8. The method of claim 1, wherein the image sensor is housed within the sensing device.

9. The method of claim 1, wherein the image sensor is adapted fo capture images at rates

ranging from 1 image per second to 1,000 images per second.

10. The method of claim 9 wherein the image sensor is adapted to capture images at rates

ranging from 10 images per second to 200 images per second.

il The method of claim 1, wherein the coded data comprises non-barcode coded data,
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2. The nethod according to claim1, including the step of verifying that at
| east one of the novenent data and the position data represents a
handwritten signature of the user. 3. The nethod according to claim 2,
including the step of identifying the user. 4. The nethod according to
claim3, wherein the step of identifying the user includes using at | east
one of the novenent data and the position data. 5. The nethod according to
claim1l1, wherein the processor is housgd within the sensing device. 6. The
met hod of claim 1, wherein the processor is adapted to operate at
processi ng speeds ranging from1 instruction per second to 1x1012
instructions per second. 7. The nethod of claim®6 wherein the processor is
adapt ed t ol%eper at'e mthop peserding forvlying pdwliding tharigi afgerbrtng it Geicoguteustttons  per

second to &MIP6; b BigdafubtCitel ONBe PR, 2 SBKANGENanSe otzmﬁtaf%htgg%lﬁéd tg Rl Blgluer WHET €1 1

t he i mage. sgwsor i s housed within the sensing device. 9. The nethod of
claim1l, &'n the image sensor is adapted to capture |nages at rates
ranging from| imge per second to 1,000 i mages per second. 10. The net hod

of claim9 wherein the image sensor is adapted to capture imges at rates

ranging 1o 10 +{iBassa REsaReE ofith 150,200 d/RARSREL s B8GAAY, ad der, THE MeLhOC

of claim1, wherein the coded data conprises non-

NPX033-S G 60 12. The nethod according to claim1, including the step of
generating, in the conputer system and using a signature key of the user,
a digital Bignat Tieenetbd dfb@ihh@b cﬁmuﬁﬂterem&ﬁeamgad cbrflent 9 Bas&IVRIALE But bP@E t War e.

13. The ne C wherein the digital content is
provi ded b@gi éﬁg@%%gm:% I@ﬁ§mﬁkﬁs %éaccording to claim 13, wherein the

digital content is based on data input by the wuser via the sensing device
and interface surface. 15. The method according to claim 12, further

i ncluding tshe stepR @fihassardint loNgsim i, I’uhﬁ‘e Mﬁm ttﬁ‘efsté;y&{a@.%haéjﬁemdﬂag' tal
signature mntq met hod according to claiml,

e field, 16.
i ncl udi ng ?ﬁ%umﬁgﬁml#ggéﬁﬂkgﬁT“ Wﬁh@ﬁﬁg@ er system data to the

conputer software indicative of at |east the signature field. 17. The
nmet hod according to claim1, wherein the signature field is associated with

a visible iesi gnafuérnﬁthé@ﬁt%m@lﬁg il @nnéldaﬁ It %E&%ﬁ—‘aﬁg%ﬂﬁe %}}f sysll,EF met hod

accordi ng Jo claimi1, wherein position efement s are di sposed on't

interface a?ﬁ?@%%ﬁmmﬁﬁ@h?§H§Wﬁ‘@dgﬁﬁﬁﬁmﬁéﬂﬁaﬁﬁﬁﬁflgured to periodically
sense position elenents as it is used to draw onto the surface, the nethod
including the step of generating at | east one of the novenent data

17. The method according to claim 1, wherein the signature fisld is associated with a visible

signature zone defined on the interface surface.

18. The method according to claim 1, wherein position elements are disposed on the interface
surface, the sensing device being configured to peﬁodically sense position elements as it is used to
draw onto the surface, the method including the step of generating at least one of the movement data
and the position data by ascertaining relative displacement of the sensing means over time with

respect to at least one of the position elements.

19, A system for enabling user interaction with computer software running in a computer

system, the system including:

an interface surface containing information relating to the computer software and inclnding

coded data indicative of a signature field relating to the computer software; and

NPX033-5G




and the position data by ascertaining relative displacenent of the sensing
means over tinme with respect to at |east one of the position elenents. 19.
A system for enabling user interaction with conputer software running in a
conputer system the systemincluding: an interface surface containing
information relating to the conputer software and including coded data
indicative of a signature field relating to the conputer software; and
NPX033-SG 61 a sensing device conprisigjg: (a) an inmage sensor adapted to
capture images of at |east sonme of the coded data when the sensing device
is placed in an operative position relative to the surface; and (b) a
processor adapted to: (i) identify at |east sone of the coded data from one
or nore of the captsinpdeviceicomgieisg: (ii) determine an orientation, within the
captured i mages, of at |east some of the coded data; (iii) decode at |east
sone of the codeéd datramaggiehsqriadapted)torrontere dnageof #dpastsoniees the calothiatagfhen he
decoded coded dat @nsing(éVidentiLadih Rbpetakd pbsiidh fBlitMEmOfurhEnsi gnat ure fiel d;
and (B)at |east one of novenent data and position data, the novenent data
bei ng i ndi cati v@) of iheesangiprgiclevi ce's novenent relative to the
interface surface, the position data being indicative of the sensing
device' s position refiatidentifyomt tehse sompt of teaoded Slatn frap @pe drh@rsyfIhecmaptived Nng
configured to, in thﬁmggnputer system (a) receive the indicating data
fromthe sensing device; (b) receive at |east one of the novenent data and

the position data fr@m t RemSed\micAGtA6Y iveiGn the fabhrell BREL] It ¥t 18 8orsd FRAL UT €
field on the basis of the indicating data; and (d) operate the conputer
software at | east pa?@??h?h reliance on at | east one of the novenent data
and the position dat@j) anddswle adaeatseand éewadeddatansilr uct i ons associ ated - with
the signature field. 20. The system according to claim 19, wherein the
conputer systemis c@nfi gugcodatt. osinget kefsisomppfithe datod¢deradett dome of t he novenent
data and the position data represents a handwitten signature of the user.
21. The system accordi ng t'¢Vieficiipg b indigative of the fgneiure Bk dtkr systemii s

configured to identify tmghg?er. NPX03

3-S .

east one of movement%ata‘ and position data, the movement data
being indicative of the sensing device’s movement relative to the
interface swrface, the position data being indicative of the sensing

device’s position relative to the interface surface;

the system being configured to, in the computer system:

(a) receive the indicating data from the sensing device;

1)) receive at least one of the movement data and the position data from the sensing device;

(c) identify the signature field on the basis of the indicating data; and

(d) operate the computer software at least partly in reliance on at least one of the movement

data and the position data, and in accordance with instructions associated with the signature field.

20. The system according to claim 19, wherein the computer system is configured to verify that

at least one of the movement data and the position data represents a handwritien signature of the user.

21. The system according to claim 20, wherein the computer system is configured to identify

the user.
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62 22. The system according to claim 21, wherein the conputer systemis
configured to identify the user by using at |east one of the novenent data
and the position data. 23. The system according to claim 19, wherein the
conputer systemis configured to use a signature key of the user to
generate a digital signature of digital content related to the conputer
software. 24. The system according to claim 23, wherein the digital content
is provided by the user. 25. The system according to claim24, wherein the
digital content is based on data input by the wuser via the sensing device
and interface surface. 26. The system according to claim 24, wherein the
conputer systemis configured to associate the digital signature wth the
si gnat ur e 32 el d. TIRRystefhmgcadisg te nlamc2Ziowhhraigtht conphed sy3tddis cwdfiewad tn idehfy conput er
system i s GORbigUES: kR €0 Amer Sl AEMCQIRYI &, SOf tware i ndicative of
at least the signature field. 28. The systemaccording to claim 19, wherein
the signature field is associated wth a visible signature zone defined on
the interface surface. 29. The system according to claim 19, wherein

posi tion etlenent sheap@ndicsRASELE oDiin tlfevheRinahd @aPuterSydiat @onflgited BaRShH NQ
device beip fl ed t eri odi.cal |. ense. pgsi tion. el nts as it is
used to ssll%ﬁtﬁr? %e %’:Jt{éentéste rut?)egg Shto %h lgai S 5c°2%’g§?q PESS felageﬁggg? C?IPPé%Fmverrent
data and t48%#ositi on data being generated by ascertaining relative

di spl acenent of the sensing neans over tine with respect to at | east one
of the position elenents. 30. A systemfor enabling user interaction with
conmput er spftware running in a conputer NPX033-SG 63 syste t he system
including:ﬁﬁn iﬁﬁ??ﬁ&@@c ﬁ#ﬁﬁ%@m%ggﬁéVﬂPﬁ@d?ﬁ$8PﬁﬁFﬂ5 FLPHSHY t 0 t he
conput er software and including coded data indicative of a signature field
relating to the conputer software; the system being configured to, in the

conmput er  syst em 1ye@)such@eR i b it S tnBGin 8RRl bHBus LML A, AEY bER. the
i ndi cating data being indicative of the signature field, the sensing

devi ce confivéithgensipgdevishand infglacesefiéor adapt ed to capture i nmages of at
| east some of the coded data when the sensing device is placed in an
operative position relative to the surface; and (b) a processor adapted to:

(i) identi £6y at fh%@?s{cmsagégﬁdin%fto EIQI% 22,%%@111%%%11&&9 @8‘81[&?3 c%ﬂﬁgﬁr%(ﬁ & a(s)sfoci;,tp €
captured 1 nages;
the digifal signature with the signature field.

27. The system according to claim 19, wherein the computer system is configured to send data

to the computer software indicative of at least the signature field.

28. The system according to claim 19, wherein the signature ficld is associated with a visible

signature zone defined on the interface surface.

29, The system according to claim 19, wherein position elements are disposed on the interface
surface, the sensing device being configured to periodically sense position elements as it is used to
sign the signature onto the surface, at least one of the movement data and the position data being
- generated by ascertaining relative displacement of the sensing means over time with respect to at least

one of the position elements.

30. A system for enabling user interaction with computer software running in a computer
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(i1) determne an orientation, within the captured i mages, of at |east sone
of the <coded data; (iii) decode at |east sone of the coded data; and (ivV)
generate, using at |east sone of the decoded coded data: (A) indicating
data indicative of the signature field; and (B) at |east one of novenent
data and position data, the novenent data being indicative of the sensing
device's novenent relative to the interface surface, the position data
bei ng indicative of the sensing devigg's position relative to the
interface surface; (b) receive at |east one of the novenent data and the
position data fromthe sensing device; (c) identify the signature field on
the basis of the indicating data; and (d) operate the conputer software at

| east par t Wemthesgsiemdrrddingn at | east one of the novenent data and the
position data, and in accordance with instructions associated with the
signature fiel d. 2 3aeryhuriag stnisnng cudmaion élaise erhgicrmetsr softiere &idinclulies conput er
system i s @adifdagindrRalive 6F adRhdnfry fidlidktingdd thé @ahicrQbrevagf t he novenent data and
the position data represents a handwitten signature of the user. NPX033-SG
64 32. The syst et ggeobdlignofoedtdn tie Spuwhenei:n t he conputer systemis
configured to identify the user by using at |east one of the novenent data
and the po@l ti orreepére dndicgBig dfth oy \pspnsivg déviced thd imligalingdatecemmis indR@ive whike ei n t he
Processor digatk@us8dneddsill fevichendBist Ng  device. 34. The system of claim19
or claim 30, wherein the processor Is adapted to operate at processing
speeds rangi ng &y omih unagstsermwa@ﬂad @eaptaem@a of & 1&@(1&&%%@5&&&&&&% per

second. 35. The S steqlof ch m 34 ot e progess |§ adapted to
ing device zs aced n an operatw 081 o ative to the s ace
operate at proce55|n5 rang FP st ructtons’ per second to

1x106 instructigns p 6. The systen1of cIa|n119 or claim 30,
wherein the |nﬁgg seﬁggégﬁga%§3§Ed within the sensing device. 37. The
system of claim 19 ofy cl i@ty 1cadViehclf helchded idhR 8Em SENGMord & rROARLEE t O
capture images at rates ranging from1l i mage per second to 1,000 inages
per second. 38. The ®&Pem of claim 37 wherein the inmage sensor is adapted
to capture inmages at,.fat rangi.n fro 1 er +5§ cond t 200 i mages
per sgcond. 399 The %@sf%%ﬁgﬁanrmntl n8 E?mggﬁmgs(ﬁat%m£?he?coded dat a
conpri ses non-bar codwddddad data. 40. The system according to claim 30,

wherein the conput erggyst eftdds alGQRbLLbr 86 cJ0d 45ECard

(iv) generate, using at least some of the decoded coded data:
(A)indicating data indicative of the signature field; and

(B)at least one of movement data and position data, the movement data
being indicative of the sensing device’s movement relative to the
interface surface, the position data being indicative of the sensing

device’s position relative to the interface surface;

(b} receive at least one of the movement data and the position data from the sensing device;
(c) identify the signature field on the basis of the indicating data; and
(d) operate the computer software at least partly in reliance on at least one of the movement

data and the position data, and in accordance with instructions associated with the signature field.

31. The system according to claim 30, wherein the computer system is configured to verify that

at least one of the movement data and the position data represents a handwritten signature of the user.
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signature key of the user to generate a digital signature of digital
content related to the conputer software. NPX033-SG 65 41. The system
according to claim40, wherein the conputer systemis configured to
associate the digital signature with the signature field. 42. The system
according to claim40, wherein the signature field is associated with a
visible signature zone defined on the interface surface. 43. The system
according to claim40, wherein positiaof el enents are di sposed on the
interface surface, the sensing device being configured to periodically
sense position elements as it is used to sign the signature onto the
surface, at |east one of the novenent data and the position data being
gener at ed ¥h t heThepysanpdccadihmio wkinp} !, theeis thn sinmpgtenwysters isiconfizekdbiidentify o t he

surface bym@%ﬂytuahgmtregst&t%lo%eM&emméa%a&@gsag&mmmt he sensing means with

respect to at | east one of the position elenments. NPX033-SG
33, The system of claim 19 or claim 30, wherein the processor is housed within the sensing
device.
34. The system of claim 19 or claim 30, wherein the processor is adapted to operate at

processing speeds ranging from 1 instruction per second to 1x10'? instructions per second.

35. The system of claim 34 wherein the processor is adapted to operate at processing speeds

ranging from 10 instructions per second to 1x10° instructions per second.

36. The system of claim 19 or claim 30, wherein the image sensor is housed within the sensing
device.
37. The system of claim 19 or claim 30, wherein the image sensor is adapted to capture images

at rates ranging from 1 image per second to 1,000 images per second.

38. The system of claim 37 wherein the image sensor is adapted to capture images at rates

ranging from 10 images per second to 200 images per second.

39, The system of claim 19 or claim 30, wherein the coded data comprises non-barcode coded
data,
40. The system according to claim 30, wherein the computer system is configured to use a

signature key of the user to generate a digital signature of digital content related to the computer

software.
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41. The system according to claim 40, wherein the computer system is configured to associate

the digital signature with the signature field.

42, The system according to claim 40, wherein the signature field is associated with a visible

signature zone defined on the interface surface.

43, The system according to c¢laim 40, wherein position elements are disposed on the interface
surface, the sensing device being configured to periodically sense position elements as it is used to
sign the signature onto the surface, at least one of the movement data and the position data being
generated in the form of a locus of the sensing means in relation to the surface by ascertaining relative

displacement of the sensing means with respect to at least one of the position elements,
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