1 HANDWRI TTEN TEXT CAPTURE VI A | NTERFACE SURFACE AND SENSOR W TH

| DENTI FI ER FI ELD OF I NVENTI ON The present invention relates to a nethod and
system for enabling user interaction with conputer software running in a
conputer system The invention has been developed primarily to provide the
basis for a surface-based interface which allows a user to interact with
networ ked information and to obtain interactive printed nmatter on denmand
vi a hi gh-speed networked color printers. Al though the invention wll

| argely be described herein with reference to this use, it will be
appreciated that the invention is not limted to use in this field.

CO PENDI NG APPLI CATI ONS Vari ous net hods, systens and apparatus relating to
the present jnvention are disclosed in the follow ng co-pendin
appl i cat i ons TANPYRIHIEN TRXTA TURENIA JY TERFACE SURFALCE %ﬁ“&%ﬂ" ifhvent i on
si mul taneously with the present appbeENEFIERN: PCT/ AUOO 00518,

PCT/ AU00O/ 00519, PCT/ AUOO 00520, PCT/ AUOO 00521, PCT/ AUCO 00522,

PCT/ AUCO' 00523, PCT/ AUOO 00524, PCT/ AU00/ 00525, PCT/ AUOO/ 00526,

PCT/ AU0O/ 00527, PCT/ AUOQ 00528, FIECD/QFUBNESTI®ND, PCT/ AUCO' 00530,

PCT/ AUO/ 00531, RCTH AR 0053 2¢ePCT/ AWRQ/ODSA3, r PLTLAUC 00534,
PCT/ AU0O/ 00535, ch#iuoo/ 00536, PCT/'AU00/ oog'?%?, mﬁ%%%uSSS? vith

PCT/ AUCQ (FBBYCT SPEvpeANIRIng HES2BPUeOEEFAUOD 00541,  PCT/ AUOQ 00542,
PCT/ AU0O0/ 00543, PheTinfdolidd/ 130 Béch, deiabbd b0 4R0vide REeTHaAVESY DQEAE based

PCT/ AUOO O ) UOd 00554, PCT/ 0556,. PCT/ AUOQ/ 00557, .
PCT) Aay CUBERe G R B e Sk ROy OB RG om Bp RE O G printed
PCT/ AUO0O10asteron @@demgte@%aetwm 790 O1i0ES GYthougPEE /iALIDR) B0BBEely be

PCT/ AU0O0/ 02664 IBIGEE/ M&%r%@@?ﬂm Esgl;‘ Wa eléﬁéd thatp tgeT iéréh@oq/ iQ&%ﬁéﬂed to
PCT/ AUOCO' 00570, tj;CT/ AUCQO 00571, PCT/ AUOQ 00572, PCT/ AU00O/ 00573,

PCT/ AUOO/ JB8#4s fislT/ AUDO/ 00576, PCT/ AUOQ 00577,  PCT/ AUOO 00578,
PCT/ AUOQ' 00579, PCT/ AUOO/ 005&0-PENDINGARPFLIOSIBONS PCT/ AUOO/ 00582,

PCT/ A0/ 00593, BEFRUIRY BURB0™ Kedkr AR oL el Gp8a3m e

PCT/ AUCO J@ibgine e@Prdg0opioses i@aT AUGEPIRes 36 assigRETHALO 0806 9iFsntion

PCT/ AUCO Q288 8heoBG TR Q05 ficadrd PCT/ AUCO' 00517.
PCT/AU00/00518, PCT/AU00/00519, PCT/AU00/00520, PCT/AU00/00521,
PCT/AU00/00522, PCT/AU00/00523, PCT/AU00/00524, PCT/AU00/00525,
PCT/AU00/00526, PCT/AU00/00527, PCT/AU00/00528, PCT/AU00/00529,
PCT/AU00/00530, PCT/AU00/00531, PCT/AU00/00532, PCT/AU00/00533,
PCT/AU00/00534, PCT/AU00/00535, PCT/AU00/00536, PCT/AUG0/00537,
PCT/AUG0/00538, PCT/AU00/00539, PCT/AUD0/00540, PCT/AUQG/00541,
PCT/AU00/00542, PCT/AU00/00343, PCT/AU00/00544, PCT/AU00/00543,
PCT/AU00/00547, PCT/AU00/00546, PCT/AU00/00554, PCT/AUD0/00556,
PCT/AUG0/00557, PCT/AUD0/00558, PCT/AU00/00559, PCT/AUD0/00560,
PCT/AU00/00561, PCT/AU00/00562, PCT/AU00/00563, PCT/AU00/00564,
PCT/AU00/00565, PCT/AU00/00566, PCT/AU00/00567, PCT/AUD0/00568,
PCT/AU00/00569, PCT/AU00/00570, PCT/AUDO/00571, PCT/AUGD/00572,
PCT/AU00/00573, PCT/AU00/00574, PCT/AU00/00576, PCT/AU00/00577,
PCT/AU00/60578, PCT/AU00/00579, PCT/AU00/00581, PCT/AUQ0/00580,
PCT/AU00/00582, PCT/AU00/00587, PCT/AU00/00588, PCT/AU00/00589,
PCT/AU00/00583, PCT/AU00/00593, PCT/AU00/00590, PCT/AU00/00591,
PCT/AU00/00592, PCT/AU00/00594, PCT/AU00/00595, PCT/AU00/00596,
PCT/AU00/00597, PCT/AU00/00598, PCT/AU00/00516, and PCT/AU00/00517 .
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N PX022-SG 2 The di scl osures of these co-pending applications are

i ncorporated herein by cross-reference. BACKGROUND Presently, users
wi shing to input text into a conputer systemtypically do so via a
keyboard. Wil st such interface systens are useful, they are relatively

bul ky, and lack the tactile nature of using a pen to record information on
paper. Moreover, in many situations, paper used in conjunction with a pen
is a nore physically confortable and cenvenient information input tool, due
to its visual characteristics and its portability conpared to conputer
keyboards and ot her conputer interface devices. However, paper-based
recording of information |acks many of the advantages of conputer-based
recordi ng, such as_.searchabilit and conpact _archiving, Unlike keyboard

i nput  syst ens, "FERCIGHES b@ﬁéer""@ B‘?éﬁﬂ‘gﬁ“i’fﬁ&% ineprRoTaieg hefeinpy crgssereferencs |

conput er softmare SUMVARY OF | NVIBRCKGROAINDOT di ng to a first aspect t here
i's provided a nerl’ﬁ?eqtl} lee%n@mm? ﬁ) éu? ext Shtd thglga]g‘?cr s¥steal 8%1Ea?lnpdg 86 vasgfet var €

running in a anuter ystemutilizing a torm 0”a’ sur t he
form incl ]E?él‘i’%‘i‘j‘ ﬁfl%ﬁ%tlﬁt%ﬁcer %fﬁtalisi agutell e acopipivele bulp fandvierie the taade sur f ace

havi ng codehrdatiing AgénCiatdo@ irmation o8 Bhped. M Hvedr 6k ﬁltaﬁyrkguz;tlgnst BerGOIMKL er

software, the rrethdlncludln provi ding the ormtothe
user: receiiTg Vi ARERS & BT R E@Fggfﬁl‘gﬁﬁileﬁﬁ‘b‘?o&w*ﬁ&f%?@“ A% b deriRnt  dat a

froma senti vigal digwitgietes kinkitd paiblgidy compada tt@ cinpdieCybods afd bthe cbﬁpﬁterf ield,
the moveneplorlabdided HobB Yo asdiPUSIRY br fomdiBF1.SENSLNG. HOML R LEFAT T VE TO

the form the sensing devicCe, operatively T el atlve o) {he t ext
field, gen®PawFThae HEoidng wel phipagkebilityhand campet jrehidne. Balikei kevbogrdgnpus ensi ng

at | east SQREnsDfen bikligaf GactalGAicR the ABIEly BUBSTBRIb@drsdtwatemul t aneousl y
generating the novenent data; and identifying, in the conputer system and

fromthe indicating data, the text field, and operating the conputer
software at |east partially i rBUMMARNOE INVENTH@N novenent data and on

i nstructions ass@glakgd, WilNashle tﬁegxg plLeu@edq mdThof i Jnaﬁé Y sl PGl LY GRE T ON

further includes the steps of, In the conmputer system performng text
recogni t i CEBHEtSPE aFEaReRRE 1 @ SPPRISS PYSieﬁp’H’clzmgt %@P’éb‘}ﬂtﬁ{dwngérﬁéﬁa’@éh%%wp ut er

text. Pr efiedaillg\inforimbn kedihg Hitelcnpuser &)ﬁﬁf@ﬁlﬂ@ts@ﬁac%a n%@odb’d cﬁﬁabﬁfcaﬁ\%%fa zone
defi ned or},{\t ﬁdfeﬁ'i rtg%cgon%grjsg ealr hmemath%{)m{lg gl{sg di nent, _th_e i nvention

further inc ) recogni si ng whet her
t he novenent daterow@ngth?ﬁomafplth@esegf an text editing command drawn onto the

surface by t h € Uﬁ:@éﬁvmglvﬁlr € Bhfher @Qlﬁi{ ' md1&tn£éﬂ'@ataeéﬁ§ HoviaRal aBNe Gl Tsénggg command

I's recogni ds evice, the mdlcatmg data indicative of the text field, the movement data indicative of movement of
the sensing device relative to the form, the sensing device, when placed operatively relative to the text
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 text field, and

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

Preferably, the invention further includes the steps of, in the computer system, performing
text recognition on the handwritten user input, thereby to generate computer text.

Preferably, the text field is associated with a visible text zone defined on the interface
surface.

In a preferred embodiment, the invention further includes the step of, in the computer
system, recognising whether the movement data is indicative of an text editing command drawn onto
the surface by the user. More preferably, in the event that an editing command is recognised, the

computer system is operated in accordance with instructions associated with the editing command.
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conputer systemis operated in accordance with instructions associated with
the editing conmand. NPX022-SG 3 Preferably, the editing command is
selected fromthe followi ng group: strikeout; underlining; cutting;

pasting; and relocation. According to a second formof the invention, there
is provided a systemfor enabling a user to interact with conputer
software running in a conputer systemutilizing a formprinted onto a
surface, the formincluding informatiop relating to the conputer software,

t he surface having coded data indicative of a text field ralating to the
conputer software, the systemincluding: a conputer system which: receives
i ndi cati ng data and novenent data fron1a sensi ng device, the indicating

dat a indicg % ﬁ 3 text field relating to the conputer software and the
moverent  daFEAPKdR FT%%mﬂﬁm“ﬁﬁ$%ﬁ%ﬁ?“@WﬁWW@m§%ﬂ@lW@mﬂ%v*%@m¥%ﬁ%ﬁm&e to the
form the petgiagretbeatone, when pl aced operatlvely relative to the text
field, generatin t.a _bas on senS|ng
ot et sone. - of thed il o AR o PO s BBy Sl
generatlngmﬂﬁgmﬁﬂméﬁ@ﬁ@mﬁéﬁﬁmmNHQWEuﬁPé@mmmxawwmh@hnmdaéa@mngmﬂamaa t he

text fiel dSurf@dBdth@féﬁﬁ a8 Sngd lhﬁmﬁ%m'éiaﬁg 1S 8k EM@J&% rwh AL sulPRL Ldvﬁl% l.yscpased on
reliance o instructions associated wth the text

nov ta
field. Pre aé"r“é‘g‘iag%"“' offhte’ftk&l% taﬂ’FG?Wﬂ“E?fsofctﬂ ° e SE I 58 he conput er system

i s configured toacpeofeosysen ehith: r ecogniti on on the handwitten user input,
Lher eby 1.0, 9ener ate LaRRUbBah ik wl R EhElh Sfla! PR, AL LIS, SEEAN for T of
the invention, the conputer systemis con ecoghi ze Whet her t he
moverent  ddesndicatiyerpp éeéf fialder BIG‘ané?ﬁhé ﬂqqppﬁq’gsoﬁwmddlied?@mﬂmﬂaondl%@ve@ﬁ rface

by the usemovelvait of ihé Qefnﬁﬁgaﬁgvﬁe rdlaﬂvet tb%e%ﬁﬂ&hetstlﬁﬁl aanc@dllﬂeh Bﬁceﬁgmgyl S
recogni sed a cor dance with

is
i nstructi ofﬁ:lé‘{“1 assom at e g\ﬁefaﬁn %m itipg ‘%8 &5 fﬁﬁp KPuientiegt least e edi t i ng
command i sofdhsicedst dath dnd errstantiglyfsiplultapedusty sgerating themovepieaitditan t o t ext :

strikeout; underli ni QoyifiesCblt hdiBdicalASdala N @ a L] OCation. In preferred
enbodi ments of the second form of the I nvent |Bon the text field is

associated with a viPeTist the fompptersefiares lepshpatiaBpbassen rolignse prefbemevamdntice. I n a
parti cul ardayaapct:ﬁs‘naftroxﬁiss‘oaﬁténmﬂamt&oﬁm data takes the formof tags printed
onto a piece the tags, bei configured to be read sensi ng
device in the forI@%B Yo ot ecoggl%o serﬁrsalgnmvemof’y DETPHRRVR & ?P‘ggv“ﬁﬁé $erably
printed usiterfefugert fepenitionenm thelhangwhitenmeeninpyt therchy aederagpivbmiptst tekts subst anti al |y

invisible to a hulrmaen\éuem;ofwa%ﬁndw&&mkhelﬂvgﬂm B G LAOR R o}y @ user
brings a seny%?%&g@% the stylus close to the surface, one or nore of

the tags af&f °f h BPYFPERt éﬂa 5 Aicaive GERRFdiipE s9pEYgdflavn onto the surface

by the user. More preferably, in the event that an editing command is recognised, the computer

software is operated in accordance with instructions associated with the editing command. Preferably,
the editing command is selected from the following group in relation to text: strikeout; underlining;
cutting; pasting; and relocation.

In preferred embodiments of the second form of the invention, the text field is associated
with a visible text zone defined on the interface surface. _

In a particularly preferred form, the coded data takes the form of tags printed onto a piece
of paper, the tags being configured to be read by a sensing device in the form of an optical sensing
stylus. The tags are preferably printed using an ink that absorbs near infrared light but is substantially
invisible to 2 human viewer under normal lighting conditions. When a user brings a sensing end of
the stylus close to the surface, one or more of the tags are imaged, interpreted and decoded to provide
an indication of the text field,

The movement data can be generated in any of a number of ways. In one form, the coded

data includes information indicative of positions of points within the region, and the movement data is
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an indication of the text field. The novenent data can be generated in any
of a nunber of ways. In one form the coded data includes information

i ndi cative of positions of points within the region, and the novenent data
is N PX022-SG 4 based on coded data sensed by the sensing device as it is
noved relative to the surface. Alternatively, the novenent data can be
generated in ways not related to the coded data, such as by use of

accel eroneters within the sensing devige or by physical rollerballs or

wheel s associated with the sensing device. BRI EF DESCRI PTI ON OF DRAW NGS
Preferred and ot her enbodi nents of the invention will now be described, by
way of non- limting exanple only, with reference to the acconpanyi ng
drawings, in which: Figure 1 is a schematic of a the relationship between a
sanpl e pri ]PFP%I(?“ ﬁ‘é’t"“ﬂ)g?éaese‘%fﬁbbylﬂle§mﬁlﬁ$ fleyise prdigemovgdesleivede thepprfaqei Gliprentiely, s g
schemati c Mbemm&&mahmnﬁemaghmﬁ&dhe&mﬁaﬁt&h&ﬂ&@a@&mmﬁﬂhmﬁmﬁﬁhﬁﬂgﬁwQEInter a

net page PagC.icrad e}( e\;n’thma{ﬂg s?%smﬂgg%le%%g S)P @1 51Ca Ec!]l%r all?;er Y eels assngutcl;c? glm,l?g cted via

illustrates a collect!on page ers a ers I nter c
a networ k; ssmingdedced s a schematic view of a hlgh Ievel structure of a

print ed nesRAGFDIRARIPEIONGE bREWEGGE description; Figure 5 is a plan view

showi ng a structyre o etp age tag;, Figure 6_is a plan view showi ng a
rel ati onship bet %Egeﬁ'e‘g“geg‘er STabpdigents 3 the %WT"HHF\V%E%‘T@G%W%’ fpard  of

vi ew of a kmeitiggegenpdanty wid refevice ® mencdoin@anjmgm\ﬁﬁg_s,annmt}page pen; Figure 7 is
a flovehar kil 1 & 4 3 TPES B REERSIE A SRERTIAM AAR L Ik gyt e 8 Ts 2

perspective view of a netpage pen ITs as I'a g- sensi ng
fiel d- of - viesfiPi®he; Figure 9 is a perspective expl oded vi ew of the net page

pen shown Figurdd @4 kdheBatic Fie@uff Eﬁnt&;gctlbﬁbeﬁveﬁﬁbﬁﬂﬁéeipﬁn laln E ﬁiin@:%%é&égé pa%e pen
controller for the netpage pen shown in Figures 8 an 9; Figure 11 is a
per spect i VEVr Bt 'ftpaée&ﬁﬁ at—“ﬁﬁffﬁetred netpage printer; Figure 12 is a section
t hr ough thlégdreh@t#ra@fa colretionef wages sprérsrnd primddrs lﬁetgwnememid,aaﬁétguke 12a is an

enl arged pAgLd @r;s of chEﬁngiUrv%wlgf asﬂgwengsacaecotf'a%fe& nbthg q%ap e&sﬁge L Nt

engi nes and gl ue whe assenbly. Figure 13 is a det A Vi ew o *the ink
cartri dge, dHREONg; and glue paths, and print engines of the netpage
printer ofFigrgiis plad vidw @bdinglstructure 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 § and
9

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

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

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

Figure 13 is a detailed view of the ink cartridge, ink, air and glue paths, and print engines of the
netpage printer of Figures 11 and 12;

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

Figure 15 is a schematic block diagram of duplexed print engine controllers and Memjet™ printheads
associated with the printer controller shown in Figure 14.

Figure 16 is a schematic block diagram of the print engine controller shown in Figures 14 and 15:
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Figure 14 is a schematic bl ock diagramof a printer controller for the

net page printer shown in Figures 11 and 12; Figure 15 is a schematic bl ock
di agram of dupl exed print engine controllers and Menjet(tm printheads
associated with the printer controller shown in Figure 14. Figure 16 is a
schematic bl ock diagramof the print engine controller shown in Figures 14
and 15; NPX022-SG 5 the print engine controller shown in Figures 14 and
15; Figure 17 is a perspective view of sa single Merrijet- printing el enent,
as used in, for exanple, the netpage printer of Figures 10 to 12; Figure
18 is a perspective view of a small part of an array of MenjetTm printing
el ements; Figure 19 is a series of perspective views illustrating the
operating cycle of the MenjctTmoprintin el enent shown in Figure 13;
Figure 20 thp@tf}@%ffé‘g‘fl]e(/%‘m@‘}‘é\ﬁ}gws]éﬂ%’g”rt segment of a pagew dth Menj et Tm
pri nt head; Figlt gLis@ perbpekbttve FieH G E BB BeMje@Nprthindeldh®Rl asClsASS, fH KRBT Ihe Fi gur €
22 is a sch natlctv% W ofO E{lnter class di agram Flgure 23 1s a
schemati ¢ ViT&H BOf %’ %?msﬁé% diagram Figure 24 is a schematic view of an
applicatioﬁgcéaSSadmagnanmmﬁﬁgmmmpa5mhsmaw$mhamapnﬁmMEQMM@ﬁsa.docunent and
page descrj i.gu sch

docunent aﬁ %ggg%éﬁﬁéPgﬁ%%“%Ya??“dﬁh£$%%$k‘??am Uy @37 n?&m%gmggwéﬁgFFc vi ew
of a tern flepenisheypanFiewptii al i zati on cl ass dlagran1 Figure 28 is a
schemati c y@mma@ersﬁsca&equvﬁdfgaﬁagegﬁpmaadagm1\9 hagsmdyagram  Figure 29
is a schematic_ view of hyper |1 nk enment cl ass |acran1 Figure 30 is a
schematic 5¥¥ﬁ@kﬁa%mﬁ?HEWWVﬁR“@f@ﬁéﬁﬁmybeC|aI|zat|on class diagram Figure
31 is a schguaxhcagm@mm@ﬁwafhyﬂ&ﬁhhﬂmﬁgmgroup class diagram Figure 32 is a

schematic a form.cl Figure 33 is a schematic view of a
(a0l , And, QL AT
di gi t al { a§%a%fmmr%%?véfﬁﬂyﬁm%%’|s a schematic view of a field el ement

special|zaﬁmﬁﬁ%b$%§§MéWHQWHﬁ?nmﬁ%@@m@hgﬂmwgma schematic view of a checkbox

field cl aSﬁngéﬁgg@menﬂcgw“ﬁoéﬁoalﬁe@an%kg%ra@su;ﬁoﬂ/éﬁw&fm@ text field class
di agram :Eggure 37 1s a schematic view o nature field class diagram

Figure 38 %3%W%ﬁ&ﬂﬁﬁ%“?ﬁdﬂﬂ“?ﬂﬁh?”ﬁ%ﬁ88§§¢WQ%§N§§?Wthn1 Figure 38 a is a
detai | ed fY¥igwelas 4 scidinadneevsdf @ prmihal tlbgenf dpesiitibudiod cl0f difgr-glir e 38;

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 diagram;
Figure 31 is a schematic view of a hyperlinked group class diagram;

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

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

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

Figure 38 is a flowchart of an input processing algorithm;

Figure 38a is a detailed flowchart of one step of the flowchart of Figure 38;
Figure 39 is a schematic view of a page server command element class diagram;
Figure 40 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 subscription delivery protocol;

Figure 44 is a schematic view of a hyperlink request class diagram;

Figure 45 is a schematic view of a hyperlink activation protocol;
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Figure 39 is a schematic view of a page server command el enent cl ass
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 subscription delivery protocol-, Figure 44 is a
schematic view of a hyperlink request class diagram Figure 45 is a
schematic view of a hyperlink activatign protocol; NPX022-SG 6 Figure 46
is a schematic view of a form subm ssion protocol; and Figure 47 is a
schematic view of a conmm ssion paynent protocol. DETAILED DESCRI PTI ON OF
PREFERRED AND OTHER EMBCDI MENTS Note: MemetT'x is a trade mark of
Silverbrook Research Pty Ltd, Australia. In the preferred enbodi nent, the
i nvention F@”&%ﬁrﬁﬂﬁﬁ?‘@ﬂcflﬁv?l%lf?{m\ﬂfwﬂ?%mﬂ‘é’l p¥ge networ ked conput er
system a Bigiradl iedschanfivviewnosfalconitibsii pdyilcht@WBocoll t W | | be appreci ated that
not every inplenmentation will necessarily enbody all or even nost of the
specific details and extensions discussed belowin relation to the basic
system HoweverDETANERDESCRIPTIONIGE PREDERREMAND O THERIEMBOPIMENFS formt o

reduce theNa@@@Lnﬁé@nﬁw@&9&%&&@%@&&8&%%@%@%%@%&5“9 to understand the
context in which the preferred enbodinents and asg)ects of the present

i nventi on oper at é’l thf’ rPrﬁ?‘Teéfemg%ﬁ’FPFﬁF yhe jopration isfeapfiengd fiompkobity e nefpagpage
syst em enpheoygked cﬁmpﬁpu ty@tem] d’lﬂeﬁailfa@&emewrbftu}ﬂﬁh tmom. of will bhBfPRMAS Waf @c€, t hat

i's, a physigcal L ch cont s.reference of  the. surface
mai nt ai nedévgx% mlaE1 %%ﬁ%ﬁo‘%& sVS an? é’ LTS %S? etf]ﬂéees e"%’éﬁa’%g o epsigys by an

appr opr i at @scussesrpsioyydn rd’e‘vlﬂ@ethe @elp S rfgb“@‘p?o thetstyemgplgiibidin itmplemepitiat | on,

the map refel BRGBS thbYedds: L2RAANEencViish the}ﬁpﬁ}fg td 191\4&&5&'&%@01@&%%& fed in
such a way that a | ocal query on the mapped surface yields an unanbi guous

map ref er SHEETHSPRONRTE P 2PH6Es a5 PR BYHI0Y R er ent maps. The conput er
system can contalbnefsufnmatmathamfera:bmﬁuofmahwagessyﬁﬁn&ﬁ;ﬂoymaﬁ@dteﬁu&&a’we and

such i nf O fRlleah £ AMud Lithdel Y &%h pBASEL R0 FBPEHELENEES SUPBLER] BY

sensi ng device used Wt e mapped’ sur ein
retri eved WHifempRErinehd # ORAVIST SYEED| ngnww%qqncaw @nlbmqmﬂa@ éﬁ albypptrdneat@orrput er

system on éa&hh@déw&f DEﬂ%ﬁimgQ@&[ &_E Qecifif i RERRAARS, tﬁ@m&;h@fe&%g ﬁi&)pﬁe élcéd@& eraction
with the surface elfturcﬁget_lH :%ucﬁ preferriedform he netp stemrelies

Pofv'e A ate foh Aot o ’é‘fpﬁédg m'ﬂ? &are

on the produet PoRV 8y B’ :
pages of twpbigugysaprhirdgenaniebtti wihgels: ngp innit agtingOifFopim Cknapa THe @a:pﬂér,sysbﬂican whi ch
wor k | | ke L AhhyR JEP RANESy ok MLOIRLEOD Pa RN iRMEM.P 0 AAG1REge. USI ng

ink which is substantially 1nvisib e “Unar d uman ey ye Re i nk,
however dﬁﬁ: R @?%Jg;refqu%sueﬁﬁtéw absg_qsalg devics used with the mapped swiface. The mformatmn

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
mteraction 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.

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

As illustrated in Figure 1, a printed netpage 1 can represent a interactive form which can

be filled in by the user both physically, on the printed page, and “electronically”, via communication
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be sensed by an optically inmaging pen and transmtted to the netpage
system In the preferred form active buttons and hyperlinks on each page
can be clicked with the pen to request information fromthe network or to
signal preferences to a network server. In one enbodinment, text witten by
hand on a netpage is automatically recogni zed and converted to conputer
text in the netpage system allowing forns to be filled in. In other
enbodi ments, signatures recorded on aynetpage are automatically verified,
all owi ng e-conmerce transactions to be securely authorized. As illustrated
in Figure 1, a printed netpage 1 can represent a interactive form which can
be filled in by the user both physically, on the printed page, and
"electronically", via comunication N PX022-SG 7 between the pen and the
net page sy??@ﬁ?ﬂﬁﬁﬂ“ﬁigﬁﬁﬂﬁg§ﬁﬂﬁ%Téewﬁ@ﬂ&é@?“3?@@#ﬁc@ﬁ?&ﬂﬁﬁ#@nﬁawwdand
addr ess fi sldtss fend agl Subat Buﬂb;unh@ﬁapagmnﬁk&topg@ﬁlmaszl fh&d MingdisRNbc data 2
a col |l ection of

prlnted usn Oesﬂa rlmne aS Qllection o aStu rlne 2

tags 4 usi %Fmggﬁ ﬁ\(/il As?bfg ti& aanﬂ go (rafcejts"f'p%1 8 g e d&&??ﬁ?qniyﬁg B2st or ed
on t he net gragietionet \wiorelt on d@s@mgbelstwmﬁedesqmu@sﬁedmcahd@l denent of 0F ntthge. 1@t page.
I'n  parti Cpdr@hlad it dégﬁ'ﬁgsr hdd§R ah&‘%aﬁa‘t’ %en%&eﬁ&%&dh%ter%@e%eﬂt%&nF){t)fgfd gach

interactive eler%ﬁx e. text utton 1n the exa to allo
the net pag®*ey T‘?Pl?l’d? ?]@&41?“%3@?”5&%‘9 opIFFilyt intgrpest ‘Pﬁé"‘ﬂé‘l"ﬁ‘ﬁwe Thpe
subni t but ubmit Gpttdaos, fox atipile, hi3as zdhe Z0RMicll ciitldsCRI the SRR AsktehtOoft m@ spati al

extent of § carr ding graphic 8. As illustrated in Figure 2, the
net page penopr%@i ggéﬁgigrred formof which is shown in Figures 8 and 9 and

described in nor ésdestidl ihBkwe?, fwordmed rendbhjaumddricd formiof fhigh Rebqyage pri nt er

601, an |Fl§l§§sr8%d ¢ oneGtind Mdr@&e‘taﬂgelaxpmoﬁ'lélﬂpe%njflﬁ}ﬁonmﬁ%me?efgg befifter 881, mobi | e
use. The pe is wirel ess. and conmmunj cat es secur el wi th he net page

printer vi ?i‘ S P Ry e AP IEm e TRk boge: ffies ‘ﬁé‘f“ﬁ‘éf‘g‘@e pie ReRis "G’GIESS ag
preferred ¢ogmmuga‘tesvdamelhmﬂsthsﬁmbpnmeﬁnmh@sraﬂghddm111189 and described in nore

detail below, i sTﬁ@ﬁeﬁJaée prgﬁ+ kdﬁe'é’pg[)e‘?rr#%ﬂn%?wﬂﬁ/ ,P]on dgmamdll Res so(?al i zed

newspapers, nmagazines, cata rochures and: B eat Pond™ al |
printed atdeiigs ﬁ'u@P‘Ft‘i?‘a&sbeanﬂSePl&%fq Q@Vﬁepm@eﬂﬁy ayrgnj R@@l&@ renswelivad

conput er, idiepaped aag@m&r bAMIGRE, Hr&m@es ABRihkARB R s G HaRd I&teln%lf Qhity 8% anpl e,
wal | - untegra%vgnegp where the norning news is fi rst consurred

a
such as in a Cuser a§es ehaé’ﬁrsolﬁgﬁPp‘ﬁerﬂPeé’éf??gfi?f‘m?r A aprligee whicyca brgfor
househol d' sxap, mtallﬂtbuntﬁép@mtemrte af gra Yive thkaryornihg nesk $dfirst commsed) sach Akl £t op,

deskt op, pQLtsalkien aBE JFakat ke ov ﬁéa?th Bstsenig: g&aeo% dﬁ)alltv.ﬁé E)gthgﬁnagt g4 point

of consunption combine the ease-of -use of papéer w t [1'ness and
i nt eract i Vi°P§s BEbHP, id?fF‘éﬁ’ a&‘faP]\?é“dr@HFtEFm"e’%@Sshom in Figure 2, the netpage

pen 10;]. i nter act Net}ﬁdg&dbrbth@at&&d@dmdﬂb&lsﬂﬁbu& Rinbint 8d _eas@ﬁtd@@«g%aﬂer FHittkhe
g?mg:‘ Ca%lﬁéeiineﬂ a%d 1al‘1telsalgt10v§ty0{ ?ac 1\%91{e 1ur|n| nk 9, the interaction to a netpage
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 netpage application server 13. The application server may in turn send a
response which is printed on the originating printer.
The netpage system is made considerably more convenient in the preferred embodiment
by being used in conjunction with high-speed microelectromechanical system (MEMS) based inkjet
(Memjet™) printers. In the preferred form of this technology, relatively high-speed and high-quality
printing is made more affordable to consumers, In its preferred form, a netpage publication has the

physical characteristics of a traditional newsmagazine, such as a set of letter-size glossy pages printed

in full color on both sides, bound together for easy navigation and comfortable handling.
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printer 601 sends the interaction to the rel evant netpage page server 10
for interpretation. In appropriate circunstances, the page server sends a
correspondi ng nessage to application conputer software running on a

net page application server 13. The application server may in turn send a
response which is printed on the originating printer. The netpage systemis
made consi derably nore convenient in the preferred enbodi nent by being
used in conjunction with high-speed m groel ectronmechani cal system ( MEVS)
based inkjet (MenjetTM printers. In the preferred formof this

technol ogy, relatively high-speed and high-quality printing is nade nore
affordable to consunmers. In its preferred form a netpage publication has
the physical characterlstlcs of a traditional newsmagazi ne, such as a set
of letter-size gllBsRPagrRyRtET s¥ploi hygrowipg Pvailability of breadgend deseret sqcereCablyound

t oget her f mvmeaas@vammng at% 6flho&§bﬁol@saﬂft@rﬂn&tai Statb:a Al dabl@ modNRRRZe S The

net page print its th bi | of br.oadband Internet
access. CaIngéggég?%gmﬁgmév% Eggf%xhé ‘?ehﬁdE@ﬁ%Pﬂﬁﬂcﬁlaﬁémﬂﬂ?ted
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i nkj et andenhba&memq;mherﬁem@ sysidnt B Glagda dnthBpI‘BJyls tu@himeti Th Istill BPETeBbEIHRLHmE| OW Yy

d 11t t of |
and w D&k %E%Ee?n 1p§olg|; & 51> ats%gfé%gt}é@% of compu E(E)rls.a@(:)({l evice, guc Sas%\%{n? ter. ?n t :’/:’iﬁ\évt n

ot her enbo e ne emi’s I n
still other enboHF‘ﬁBﬁﬁ’BbhcftﬂheSeﬂwalﬁagéh%l}b@@&@memrﬂmtcem t@ ddivergpriet- conput er

or conput eqri PabiReliokeW ffpags Hﬁﬂier@-sf’eﬁoﬂa! B&bﬁ(‘fatlodéleatrepagﬁermj BlbRL QO Servers
14 on the n t]E)b e network are configured deliver print- quali

publ i cat i ofig* Y9385 8TIHFS YEhontoa ?laﬂ‘ljl“t‘fﬁ’f:asb‘l?b?’fet?’&‘t Patgeclsy é‘sﬂ’éﬁlﬁeﬂ’/er ed
aut omat i cagubljcatiaps arg filzsdnindiongtisiatqaiip tpindividuelseryiodilepoi Nt casti ng and

mul ticasting | nt Qldlee REALALPYSonfEl ANBbLA G, mBHEIGGAL 1 a;%@%;ep{: gtered

and formatted according to i ndi ua pr
be conf i gufisichny Hm@arpﬁa?tragaﬂ‘yﬂeﬁu%@rprﬁqﬂeﬁ@ml,emeramn,aaq@eﬁmanew«ummt h any

nunmber of ﬂ@tlmgfehdﬁﬁdhﬁﬂ Qlﬁﬁhavé Dcdllklﬂorptff%f)l&'éd[ %ak@hﬁ@ﬂ%%s&%&@ cacERGhPEt page

pen has a er A ho seh ve a collection of colored
net page pe#@1 g%"r’\ llalf'lsssa |H°WSC ST AR f{’eﬂﬁ%&?"‘ pr8¥1 f’”}a‘here?pﬁ“f‘rﬂ apetpaegpebliggtip s each
user to nmemra?rﬂpphcad@mmﬂct profile with respect to a netpage publication

server or appl ' Cﬁtn'elgeﬂge P& Mf Litso iy I@ﬁ&&&&ig»% %%tpgg%rkg?strﬁgn Qeqve{' ?g!m%tlﬁﬁeg(?o with a

net page registration server 11 and |i nke one or nore paynent card
account s. PRSI PARM SRS EE eF i Allpsrir ompnerep pavaigtyto dre pecasbriathprized  usi ng

t he net pagemg)ﬁha netphBEpen Ethp AR o d e Ginalidhaéri<d BonfpRied ¢ siGatiR aipalsedtbf;a fhe SdggpAt Ure
capt ur ed Bj?tvf%a ere eergc{ w tapue alR)r ey totl()lsalu en";leag: % Ssr res 1de:11|1;1 ntg'ta}il re-e
al | owi ng i t "o 4 RE uSe TR deRtTTS T &L
COMIMEerce server. Other biometrics can also be used to verify 1dent1ty A version of the netpage pen
includes fingerprint scanning, verified in a similar way by the netpage registration server.

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

1 NETPAGE SYSTEM ARCHITECTURE

Each object model in the system is described using a Unified Modeling Language (UML)

class diagram. A class diagram consists of a set of object classes connected by relationships, and two

kinds of relationships are of interest here: associations and generalizations. An association represents

some kind of relationship between objects, i.e. between instances of classes. A generalization relates
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commerce server. Other bionetrics can also be used to verify identity. A
version of the netpage pen includes fingerprint scanning, verified in a
simlar way by the netpage registration server. Al though a netpage printer
may deliver periodicals such as the norning newspaper w thout user
intervention, it can be configured never to deliver unsolicited junk mail.
Inits preferred form it only delivers periodicals from subscribed or
ot herwi se aut hori zed sources. In this gespect, the netpage printer is
unlike a fax machine or e-mail account which is visible to any junk mailer
who knows the tel ephone nunber or email address. 1 NETPAGE SYSTEM
ARCHI TECTURE Each object nodel in the systemis described using a Unified
Model i ng Language (UML) class diagram A class di agram consists of a set
of object ¥fAsIEYSEhiiade sifenyodiaithaflsnanives if arles intpuelk pfrigheost of all
r el ati onshopss ar ﬁat&fassl, MdRLEHA isRQERraliZESOS cAld B)En BNEsiGHNNE kdbd: 284.11@0S. AN
associ at i og%di%ggsgg sus%gt%e ki nd . of ‘%ﬁj ati onshi g fﬁstween obj ects, i.e.
bet ween i nstances ot cond-QIden BPdetlios b BHP RIS NPX022- SG 9 act ual
cl asses, and canEwh dmdte#%md rqcmnglﬁ@beﬁ@lwithmengmmaiyhe dlas. & colt@B 3 listof t hought
of as the $E5rt

Qlfltes%lf Lhe CIQQJ s%at%d ‘ﬁﬁmﬁﬂaﬁﬁrm&dy%%ﬁmoﬁﬁlq ea.lﬁisaslt 15&1“ Ith%_?ﬁerauo%w{ does

generallzatlon of cl ass Bis sinply a subs
not di rect'?h‘il%sérpsﬁﬁfafeds?'@@d]i‘ﬁf“ﬂ‘"ﬂ%?s‘ R Berjzpryd) line. {in e class disgrams wichdplipsses. Each
cl ass i s dicawer, aperdiofisatinanghelcllabel | ed with the nanme of the cI ass. It

contains a |ist gmassg cf?“"“f“tjrr“l bu]Ea ]fl?f%f tp“%calssgésgpug?a«?@?ahzlt%n mthe name by
€

a horizontal |ine, erati ons rat ed
fromthe atht mumahcemof gite dsspciatidqno ez dafuli| miltipticty ik rond. e sslesiss (il malgatm whi ch

fol I ow, hﬂM@ﬁﬁ@’Ey ofefaﬁgfau 08§ odh . @Qc‘ﬁ%gsoémgxﬂs oﬁgnm@rag?g&ggﬁ%tnd Qallldsis d[ ﬁ\gﬂ as

allne10|£|nog V\ﬁ, sses, optionally | abell

mul tiplici T3y BHopiyelabeledetieier gai winte Fle ofi fhe CoREIPEIIRicEpY (njogenoting Oﬂ‘An
asteri sk (ihdicatenthn cgtregtian asstdlatidnD(“lshrt-yr)0fand’ Wodryim at the aggt@hor &fd H0he. Each
associ at i Oy Sid %E}Lé onally labelled with its nane, and is also optionally
| abel l ed at either end with the role of the corresponding class. An open
di anond i ndi cat égerlizger elgtanthim(“iagd dodreri ao n sqlidilige joming tvof cldsses, avittl ai s dr awn

at the ag%@g@mﬁ f&mdfﬁfopénmg@?as&sgea&mﬂmh kfde. A generalization
relationship ( me% a soli ine joining two classes, with an

arrow (in the formdy Claﬁﬁd“"éﬁ‘é’ﬁs frp eﬁﬂ‘b’l”@)m“ Pletdﬁ%ra‘ﬁ%ﬁrgfﬁfﬁ%fséiﬁphéﬁ?j’ i \\hen a
class di aghewn with aylagkéeutling in alttot thentin Pihgand ivaich defiBss italn s shdvassth whiibades | S

dupl i cat edul,Syncrs RQMAt h @ dashed outline in all but the main diagram
which defines it, It is shown with attributes only where it is defined.
1.1 NETPAGEE ~ NETPAcEs

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 netpage allows markings made with a netpage pen on its
surface to be simultaneously captured and processed by the netpage system.

Multiple netpages can share the same page description. However, to allow input through
otherwise identical pages to be distinguished, each netpage is assigned a unique page identifier. This
page ID has sufficient precision to distinguish between 2 very large number of netpages.

Each reference to the page description is encoded in a printed tag. The tag identifies the
unique page on which it appears, and thereby indirectly identifies the page description. The tag also

identifies its own position on the page. Characteristics of the tags are described in more detail below.
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Net pages are the foundation on which a netpage network is built. They
provi de 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
net page page server. The page description describes the visible |ayout and
content of the page, including text, graphics and imges. It also

descri bes the input elenments on the page, including buttons, hyperlinks,
and input fields. A netpage allows markings made with a netpage pen on its
surface to be sinmultaneously captured and processed by the netpage system
Ml tiple netpages can share the sanme page description. However, to allow

i nput through oCR®ra Bief dnifsredabsamitye ok op apyesubsrale whigis dtfietsd-redamtive: net page
I S assi gneshcihaswhligty@afna QRarlitierd iwhveRhgths BRI ifvisiiiag Be ihah 8% botaff bty @nted

preci si on ui sh between a ver Iarge nunber of netpages. Each

ref erence %)8& St(g‘ndsétété(:llg]e‘é %néq%rr“fm?n BROPE<Eded in a printed tag. The tag
identifies the mﬁm@ﬂﬁégbmmﬁammge benpor inglyretmess peramd theheerdetay tHamshiitted ct | y

i dentifi esptieheRAR SysBSA thdHeh B netplBEprinfe Ta 2 is Mﬁ&taﬂi éo%uhlga%es HROSI t1on

on the page. Characteristics of the tags are describ i n nore detai
bel ow. NPXEPIecREnippviaa Jurtznge Bip figke fogs are F‘fﬁ‘i‘%ﬂ%ﬁ“ﬁﬁ@&“ﬁ*’ﬁ\?’éﬂﬂgﬂ@%ﬁe any
substrat e wdnicatreliablyiimdee arlee-onehf eeh bn/;esmgie&uﬂ&bna& pagedit Balﬁ})brtmﬂﬁﬂ'the pen

Near -i nfray, I A\ SLD he mane ut are easily
sensed by eg&?%?}ﬁg g%lgﬁ)h%dﬁ)asgnsenéor? lgter%(i“ulmg eﬂl rt]" Bpr 7at tg‘f e A tag is
sensed by ##ecle dassiarpater-cameiably eropdet h’énqlie@lmgfeﬂaﬁehleraatn@lmm dgrge.dat a i s

transnmitted to UhendRLPBYE sGYS LMt &nlaﬁe RER! Bhnc Bl PREGHRE] Mye, The pen
is wireles comu printer via a shori-range

radio |i nksho"?lﬁ@gmd?aé“%? ‘i‘lft%fté‘ﬁf’f'ifers“ﬁ‘ﬁ’f“fd "élﬁg%?fé‘ﬁ’é}‘efeff S Briedftfelotmige ©f he pen

can rel i abtagh primgdectme. | east one tag even on a single click on the page. It

i's inportant thatrd REdGH, behREPALY 9dés%1?t1&1a§§f)z%§pu§tan%e REPh | n%%d%’]qaevefy

i nteraction Wlththe d{g Sl nce er act nits state €ess ﬁgs ar e
er r or - cor r B&oFB IR Fight b dde Pase e l%aﬁ@mtgﬁawthu bith) e netppasiosipier Whishorinttdic e

damage. Thedfipagécpagle SeiWMBkeqiRidial NS a uni que page instance for each
printed nej page, %I #Qﬂ&g it to maintain a distinct set of user-supplied
val ues for Tnput ds"'I'n the page description for each printed netpage.
The rel atlehl pTaeDalediontdnt page description, the page instance, and the

printed netpage pi aSpréf‘S}%\Wodn“eaﬁi Qg’fd&uﬁ & t@éﬁ%m‘ﬁ%%k@?ﬁ%eadﬁ ARG AL €d W th

both the netpage printer which printe e net page user
who r equestdejvithin flezegl‘ﬁ'E'F‘PR@aYr%@S"m%“ Bagy whighyelp fohaTpgines # Whole o 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” L.ED 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,
and the region ID encoded in the tag is therefore synonymous with the page ID of the page on which
the tag appears. In other embodiments, the region to which a tag refers can be an arbitrary subregion

of a page or other surface. For example, it can coincide with the zone of an interactive element, in
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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 al so contain
flags which relate to the region as a whole or to the tag. One or nore
flag bits may, for exanple, signal a tag sensing device to provide feedback
i ndi cative of a function associated with the imredi ate area of the tag,

w t hout the sensing device having to refer to a description of the region.
A net page pen may, for exanple, illummnate an "active area" LED when in
the zone of a hyperlink. As will be nore clearly explained below, in a
preferred enbodi nent, each tag contains an easily recognized invariant
structure which aids initial detection, and which assists in mnimzing the
effect of any warp induced by the surface or by the sensing process. The
tags pref eY’]%fm Spsetterreeionfia cagirplpidonifidls mgrARivesl®iesf fi cient |y smal | and
densel y arranged Taiial - Thaiapen can reliably inmage at |[east one tag even on

a single C%Whﬁage—kl—ﬂ—&l nportant that the pen recognize the page
| D and pos|iti on on VPSSR cdi on with the page, since the interaction
is statel éBsgloﬂlﬁl a pt@ferred embodi ment, the region to which a tag refers
coi nci des »,«ud 5 am enfgTe page, —and the region ID encoded in the tag is

t herefore [synhonymous| with _the page |D of the page on which the tag
appears. | 2@ her enfbodi ments, the region to which a tag refers can be an
arbitrary w regi on 49 a page or|other surface. For exanple, it can
coincide wth the zane of an intedactive elenent, in N PX022-SG 11 which
case the region ID can directly identify the interactive elenent. Table 1-

Tag data Fi el dPr @edhSt®tontalds 1130 biReGH ﬁf&nﬁa@&g%ﬁmj hidddaFlsagsmTAtabit 20 Each

t ag COI’ltaIRS 120 bits otf nfoﬁrggtlon t(‘j'}&/ﬁ g?b EIFIocated as shown in Table
1. Assuni NG a neXT i GRS’ £y e ds™3 ’ééﬁ WPROR eI ST OhRo t ag | D

supports al®¢gawer igihze L@réerupguur@ carfl 62 daspgdl avreimiondih @8houl_aergrsing RGO IS can be
mapped Co rbc%wﬂl&&lp)& Wu&ﬂ?%tﬂh@féél@ﬁ%@g d’s hﬂletla(gbl IngIPﬁ)ea(ﬂb ?‘m (ﬁgﬁrg%é/ ( MLO30

usi ng abuttjng regions and bit region ID
or a nil IP’HW“FF‘WI“?”&H‘) ‘P’Ff‘?r?q‘ f%‘ﬁ‘)s t‘d‘?“’f“PJé‘t‘eéﬂfleﬂP@ﬁi ons to be un| quel y
identified.22. 2. ZagagambeduE@codl ng The 120 bits of tag data are

redundantly enco onon, _caode. i S Jyie ds 360
encoded bits conglgegltzplgnso fe %aﬁa s "2’?38 Ly eggo i She Mlg’ ﬁ@%&?@m@aeﬂe ¥he (15,
5) code al Yighlg$ 60 encoded b1ts 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
minimum number of symbols in any one codeword, thus maximising the likelihood 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 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
contributed by adjacent tags, it only adds 16 dots to the effective diameter of the tag.

The tag includes six target structures. A detection ring 15 allows the sensing device to
NPX022-5G



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 maximsing the |ikef hood 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
device such as the netpage pen to detect the tag and infer its
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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 Image Processing and Decoding

The tag image processing and decoding performed by a sensing device such as the netpage
pen is shown in Figure 7. While 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.

The size and ceniroid of each shape is also computed.
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equal to the m ni mum di mensi on. Each 4-bit data synbol is represented by an
array of 2x2 wedges. 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 sane codeword. In
order to support "single-click" interagtion with a tagged region via a
sensi ng device, the sensing device nust be able to see at |east one entire
tag in its field of viewno 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. Assum ng aBERREAParopesl 2 H’ﬁﬁ@n cqmprtedyiard4h{orragh Siarst wd thefe prayide ensor
field of vba®WidrSubsdaldnay mdngm@a strldirek. agﬁuaaghepetmdr@ﬁts 8 bAhEEbbnlrOfh R adt
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second- or d@Fa“‘?Pd}?éWﬂ%e ﬁ‘? @Xif At prh ofty ot h‘tsh@drtll%gngﬁ QOf@?ﬁ@@tiOP%)aﬂpé%bgﬁPez@e even if
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rotation 27 et her. imation of the perspective

r
t ransf or m “THeTAX) 5 0ar geettagsstr?%ﬁtb"f‘ﬁ‘fleto F‘%g{he next to be located (at 28).
Mat chi ng pr oceedé"hdofpur PRISIERIE tgeet stractiresif s tredashialbe adtdddaSOX Coelastmaghape’ s
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circular perspective targets are easy to recognize, 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 corners 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 vatue 37.

Once all 360 data bits 37 have been obtained in this way, each of the six 60-bit Reed-
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shape is deliberately skewed to one side to nmake this possible. Note al so
that it is only possible to rotation-nornalize the axis target after it
has had the ring's nornalizations applied, since the perspective

di stortion can hide the axis target's axis. The axis target's origi nal
rotation provides a wuseful approximation of the tag's rotation due to pen
yaw 29. The four perspective target structures 17 are the last to be

| ocated (at 30). Good estimates of thgir 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 normalizations to each shape's nonents. Once their
second-order nonments are normalized the circular perspective targets are
easy to retURyIon slewfis deseded @t e to vidd9deqededpiteife vt 18&depedad il injetsli Noton | s
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bits 37 haberieentho bl aidistknbwn phiabrolaBynshietbeeDthe pdi8 physial Gs RidiheReed

NPX022 SG&’pﬁ Lormn codewords is decoded (at 38) to yield 20 decoded bits
or 120 decoded bits in total. Note that the codeword synbol s are

sarrpl ed i nl-¢ddewbrdiMap der, so that codewords are inplicitly de- interleaved

during the sanmpl bagdi Qﬁg%%u]ts];h@reélbﬁ]ﬁ) E@Jgg:@tanamgsmlam YenSQME. By Subarea
of the imge se re thﬂShlﬁtOt uarantees that the ring, if

found, is Pt Topdhe BEptaere &aflqnfcﬂ%bt‘ctsw%f“&% o2 gosolterfeqatinoiter B d
successf ulthgeediegiod e locitior bf thoapeithirpdSietibDMust 5 Mneao Thied gfvaf bytah&y edpr 4 ent
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view 193, an alternative strateg ves see anot her n the
current i riiagem issthewinip Fightn &Y a¢ et obtht wetrkgedrintanclsss didgemi dentity of the region

containing the t Agagaﬂﬁj r¢iR&s thi Qedrke 1@6&1 t@illettﬁ}%uﬁfa@é}regibﬁ mﬂlaés hed ROy AN
accurate p?:csolr Ig () s ace type \B}Een multlppe tagged~I reéwn% sl'ia?e eo srz}mc tiling scheme aaﬁ%l the same
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 retricved, the tag D can be translated into an absolute
tag location within the region, and the tag-relative pen location can be added to the tag location to
yield an absolute pen location within the region.

1.2.6 Tagging Schemes

Two distinet 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, yiclds a unigue 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
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the overall orientation 35 of the pen, is then inferred (at 34) fromthe
perspective transform 33 observed on the tag and the known spati al

rel ati onshi p between the pen's physical axis and the pen's optical axis.
1.2.5 Tag Map Decoding a tag results in a region ID, a tag ID, and a
tag-rel ative pen transform Before the tag ID and the tag-rel ative pen

| ocation can be translated into an absolute | ocation within the tagged
region, the location of the tag w thimsthe region nust be known. This is
given by a tag map, a function which nmaps each tag IDin a tagged region
to a corresponding |location. The tag map class diagramis shown in Figure
22, as part of the netpage printer class diagram A tag map reflects the
scheme used to tile the surface region with tags, and this can vary
accor di ng PduB iy setie deigpene hereqationg ﬂ@pﬁ%mﬁaﬁgeauﬁégﬁﬁﬁ§e@ﬁaﬁélﬁhyﬁsane
tiling sc hmpmsmaecsalme ieghgn NSOREY is M@ 158 In@amse et lﬁma@hﬁe@, &hare the
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| ocation within the region. The tag-rel atlve | ocat 1 on of e pen 1s added

to this ta igtafrsst Sé‘f’lff"f‘lfﬁ?“f‘%@%ﬂ‘?‘ﬁlﬁ dgFminete pen wi t h| n the region.
Thi's NPX022- SG 18vithreithetrtiging sciemel the tage fideush e cbdperationCitihl Mfvcialkd tvigat pen

rel ative !t Guadda i LIS LAGE L RIR ek, hidS, PAGE., SEREIRUaPFAE! 21 o

with the regio e User Intertace el enent S htified,
but a | oCHEahanPEPRiY W@m@de‘thqeﬂ erdas for jtagtdate fodisaead b fhe prnsingsdeivigkeant ifdr o dl.

Locati on- |Mﬂogﬁdr%m{s@gseé&@ﬁ&f@ﬁl@n@tﬁagyg},@gﬂ{y support the capture of an
absol ute pfg patg in the z I=é{_g}artl cular user interface elenent. An
atin

obj ect -i nd OF%"EW%%PE%W NED which directly identifies a user
interface el eneAtpréifaret hebqiaget «f@Siodumpitiaghpags 8@aipatrodhssiibdiant Rehdwagh on. Al |
the tags iﬂ#@gsm% of the user interface elenent identify the user
interface elenent, making themall identical and therefore

i ndi sti ngui shabl & thepsRIes wyieRIP desppanlyistiagabod o thiet levelshat thf wesabseasblewt t t he

capt ure of th@Bocald&® /884 BasPeRerarchical structure whose terminal elements 839 are associated with
content objects 840 such as text objects, text style objects, image objects, etc. Once the document is
printed on a printer with a particular page size and according to a particular user’s scale factor
preference, the document is paginated and 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 docurnent 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.
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path. They do, however, support the capture of a relative pen path. So | ong
as the position sanpling frequency exceeds tw ce the encountered tag
frequency, the displacenent fromone sanpled pen position to the next
within a stroke can be unanbi guously determ ned. Wth either tagging
schene, the tags function in cooperation with associated visual elenents
on the netpage as user interactive elenents in that a user can interact
with the printed page wusing an appropupi ate 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 DOCUMENT AND PAGE DESCRI PTI ONS A
preferred enmbodi nent of a document and page description class diagramis
shown in Figures 25 and 26. In the netpage system a docunent is described
at three |levels. 4APmiaHy dpgerentatidicpnsists of evied| of frmgted) Hesa (fHEPIBE6": Igeeh o4
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obj ect s, e%x(?en%?ﬁ%one%fgﬁn &58%nent eﬂnes BFTN a“&? gﬁ“p‘ét ‘%r 1'3&‘;"’3‘?“ cul ar
page size wpdfieldcording to a partlcular user's scale factor pref er ence,

the docunent is Qacgbmﬁﬁgtaaaa@sp&h%rpmd@% f&&%ﬁh&qmﬂl%@wﬁun@igs fSrselpal

elements 835 will in sone cases be associated with content objects which
are diff er R8T MppEH Phrgach of sk potedgndgitt fPagh desprivtienyd Pl RRtPdorEReRt nal

el enent's, Peh pdge takiaict geow@wﬂmsi&n@mmqﬁ@memm@gdﬁaﬂrx@oﬁi #é P Bl Bledle Each
printed i n f. t.a scribed separately, to
al | ow i npu%%td%p%gag% s? ?83 l}énggof apJ]a rltu%glq?stance 1fa' rgprf:sre]rg aco %‘gga;e egueﬁtgg recor ded
separ at el yinfiselgtian; nput capt ured t hrough ot her |nstances of the sane page

description. The spLeSeRmE& &&dﬁ%@@%ﬁﬁ%ﬁ@f&%&%ﬁ AHRRLH RldRD on the
page server aII uest a copy_ of a docunment w thout being

forced to ?Vﬁﬂ%w?&ﬁ?t?:“ée"ﬁﬁ%‘ﬁﬂﬁfﬁ?m‘émsﬂé‘&|aﬂ1?"i?ﬂ‘f’]61“ﬁﬁ]€e existpifor 2 eflink gy pe
requesti ngelaneoU@yauSeht cugls atrqasdctivingD 34 vbivhas dabcf;ﬁcemelibtpa@sagﬁanm @) a fiad
exanpl e. - SORVCLARIMa 1R SEASE ookl Bl QLFRE LA 1) gclgs”ece AHEREL) PLTOn on

the page server a he page server rciently I nterpret user
actions onm%iaﬂﬁf‘aqoﬁﬁ”@tﬂxé?hWY%tf@dtaibf@@eﬂfWMFXMG A formatted docunent 834

consists of a setma{nmﬁmmttc&cbegas&ac Qaﬁecﬁrsc;@td@p&m&,eze@aaﬁmm fieldBikBdht CONSi St s
of a set og formatted termlgg1 £ 3 835 Eagj{w for ted el enent has a
spati al 00 SRt PEF ST 6H&HE I HopRE 4%9 hovein Eiepye m%{’f:?‘ﬁfén 8 ®a of

i nput el enm demt:%méﬂlrwpsspmtwkmkam&ct Sﬂputexﬂmeleklment Aftidmﬂu:maaaiocmtﬂd;t ance
831 corres eadém;@ecassﬁ%mgé &Qneqt%ym a§§§éatedhﬁlag991 45453, Og[mpﬁma %lf Page

i nst ances each whi ch corresponds pa? escrl pt1on
formatted & d}ﬁth.éﬁﬁssomated graphic object 857, a video chp element 851 with an associated video clip

object 858, an audio clip element 852 with an associated audio clip object 859, or a script element
853 with an associated script object 860, as shown in Figure 28.

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

In the preferred form of the invention, a 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. Tt

authenticates users and acts as a signing proxy on behalf of authenticated users in application
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Each page instance 830 describes a single unique printed netpage 1, and
records the page ID 50 of the netpage. A page instance is not part of a
docunent instance if it represents a copy of a page requested in

i solation. A page instance consists of a set of term nal elenent instances
832. An elenent instance only exists if it records instance-specific
information. Thus, a hyperlink instance exists for a hyperlink elenent
because it records a transaction ID 55-swhich is specific to the page
instance, and a field instance exists for a field elenment because it
records input specific to the page instance. An el enent instance does not
exi st, however, for static elenents such as textflows. A term nal el enent
can be a static el ement 843, a hyperlink elenent 844, a field elenment 845
or a page &@pageans.doHseeyidet kendsrriingmeoenisien sriisom Ap ﬁespribgfml@veza netfRES PAgE | C

el enment 84@reAll B&ntans p%fsﬁédeﬂ lﬂbrﬁﬁﬁiﬁtabcﬁﬂgag&\/ﬂés&pﬁéhs amgd Blt8eks Sty |n@'pa%p] ect
an as i.at ed I ed text ob ect 855, an

854, a textfl%é g ment M ﬁgc

i mge el enent . 849" es%"l’fn %spﬁ%a s%fveéﬁeéfc gm’élaé‘ﬂ"é‘?ﬁf’ %%@Mtaéce@réﬁﬁﬁfiﬁag‘él enent
850 wit h arrasamoatad uepr apitiveluspraeth Iﬁ&ﬁpst@cevcldms)smlh hynephgpemtrs &d W th an
associ at ed I I 8 .C t n

associ at edne\zgda%?%plg dfrgsﬂy Qplhg%pr%éﬁe pgé%asgﬂg%r ?]gt bog %egrr%ﬁt q%fgﬁ% Y‘\% '9]?1“@
aSSOC|atedWQEFWb?e6@?@@?“%@6““&@“?WSWW% n Flgure 28. A page instance has a
background fi el dAsaa@agmmbmes 121 SiB6att ddcRB@E AR ol i@labdl | and PlovidGapiqur ed on

t he page ges not app CIfIC input elenment. In the preferred
form of t\r,:gallallcln iR, a b ltS}b 180%(1 i€“associ ated with each page instance

to allow tags onAtﬂq@aagag@GrtueﬁS@ehttmnEislabw Napie SysteggBNF o prssinglar, tohresoyage. 1. 4
THE NETPAGEdh&d }j}@i{)lsﬁ inflo R Rkl :ﬁl@re@%pﬂgﬁe'@ggpai@serqgth%g& ELUR) &dﬁ? nsists
se

of a distribute of net page page servers net page regi stration
servers 11P%8HB159e |1 D servers 12, netpage application servers 13, netpage
publication ser venstpagéappamiomtvarages zpse;ivatv&fcﬁ h(ﬁalnt@@ﬂfmﬁa@é apfaihamalsnet work 19

SUCh as thr?elpaé Lﬁ{c%kmr@e lfhglla Crf:]l II:'.lISg‘l\'}I T Whith IIEIS%CS ne E ocume Stratl on
i ch reca th‘ oRs

server server oras el ween userer pens
pri nters %ﬁrst%rweﬁ@créﬁunmln&mn@ns and thereby aut hor| zes various

network activiti &tpagktservadltdag el ﬁ@k@%::%%ﬁaﬁ%@l Rfdofk @SveR phkihits NonP! OXY ON

behal f of authentic qﬁ S i.catjon NPX022-SG 17 transactions. It

al so provi BEEHERGWT % ﬁ%‘i‘?}g"ﬁfﬁﬂﬁ dg‘é"r ViILRYE nelpRec RETE FANSEAFOEBBAY a

net page pagen sig@rhogrand@ sivele néresr 0 tpelisgibsttddvier 4 MinbedHE hosBN SaRay kil pAYe

d t h : S .any. nunber
escri pti Oty RARe] AP gﬁmgeemi g g;g&;g@&ﬁa Rk RELHAS A0

of page servers, ge 1 nstanc nce a page
server al s%ﬁ”ﬁ‘eﬁ“ﬁfhﬁlpf‘&e SEIYEy cap ﬁlﬁ‘UPe Rreyided dirgefy mélaz@mgsag@mqq Suchae e netesieé ent s
such as nejrpRe e dbmfie Werkafdal or on a local network.

1.5 THE NETPAGE PRINTER

The netpage printer 601 is an appliance which is registered with the netpage system and
prints netpage documents on demand and via subscription. Each printer has a unique printer ID 62,
and is connected to the netpage network via a network such as the Internet, ideaily 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 personalization, page layouts are typically specific to a

particular subscriber and so are pointcast to the subscriber’s printer via the appropriate page server.
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net page i nput directly to the appropriate page server. The page server
interprets any such input relative to the description of the correspondi ng
page. A netpage ID server 12 allocates docunent |IDs 51 on denand, and
provi des | oad- bal ancing of page servers via its ID allocation schene. A
net page printer uses the Internet Distributed Nane System (DNS), or
simlar, to resolve a netpage page ID 50 into the network address of the
net page page server handling the corregpondi ng page instance. A netpage
application server 13 is a server which hosts interactive netpage
applications. A netpage publication server 14 is an application server

whi ch publ i shes net page docunents to netpage printers. They are descri bed
in detail in Section 2. Netpage servers can be hosted on a variety of

net wor k sefsrendgmagefoBiests op thspihefpnd;fagsciymicelly shasgd ith aiber|sEpribpsind 8¢ arPackar d,
and Sun. Mudbitida@hEalREIsRBDGE phisted BMdSheGigftogridld pGRBGWEr ently on a single host,
and a single seryger can bq}l.dit.stri but etd_ov%r5 a _nunber 3{ hosts. Sanme or all
of the functionaff ?%f”a % BUIEEER BYY°h QTR U PP RIon g oM aPPPE dMr t he

f unct i onal pdinfcagy endi mdighadtey AftbreredeDing Sigr nogtcasi vf] 2 tdhemp@a’y @agsdnyoas,, theprinteal SO be
provi ded digo&ehtlioch shulticRisNPiRAIR:ARP! | ance such as a netpage printer, in a
conmputer workstation, or on a local network. 1.5 THE NETPAGE PRI NTER The
net page printer BB 1% PriHer 1 reeeived dhanprmplite) reeq oyt aad obiesh 4 dofies Wet page
Syst em anddocienttb Be gHateflagen HACtih®BinsnON demand and vi a subscription. Each
printer has a unigue.printer 1D 6 and is connected to the net e
network via a ne'tr \%b‘ﬂ?%rsﬁgﬁnzeassan?ﬁrén%ﬁ N é‘?cﬁeevfrf PSS ETIRASHTY O%L%]F REG Bgﬁ%
connect i onsheshpl repntfipsodnpieskdniprint yngingdeostedlers i 76§ asd ptint regginds mutiticny- Viehgtt | e
nmemory, thgiRelPaee. il Sl contains no persistent storage. As far as a
user is concerned, "the network is the conputer”. Netpages function
interactively achpoRinEIeEesess sonsiel pEMRideqquriedestanes| steseatio of pies desqriptitna d

net page page ef@isiod b phidting oifigﬁen@@aenfelraéteﬂiina@e}ﬁacbs@almnm DELRAG Gneldk inblcer s.  The
net page printe ceives.subscr net.page .docunent s from net page

publ i cati of " Elfg‘seP \E/gsr ’sg?ll}fr.'mr@a%ﬁar oegﬁﬂjﬁn@p Ilg)xs? ﬁf@tern PRLEBEONR PHE 6@?‘%‘ ™ the
page | ayousrecessermwhichrxpand.tdifber andaxint pagedmigpsig eeal tiy] seohonipddivith the opprdtiat & t he
pages. Becgusgmels Rele$anahdiat i on, page |ayouts are typically specific to a
particul ar subscri ber and so are pointcast to the subscriber's printer via
the appropriate pa®E whrpllpd foBpraie byse the ontion fo peifass pgdRabPBETeLldhn t he
ot her handipk, atteughyips eatidtsytags adti@ehvive cipty atchait t phys CAlihBeR Such ik G e

mul ti cast lmte@hlhcn%ﬁﬁtﬁgf%{ah H?—f;rﬁ{tedeggiegth%; a?re S%Hg:laStSQ(F asral‘ aréc%.p riate page servers.

A normal netpage printer prints netpages on sheets of paper. More specialised netpage
printers may print onfo more specialised surfaces, such as globes. Each printer supports at least one
surface type, and supports at least one tag tiling scheme, and hence tag map, for each surface type. The
tag map 811 which describes the tag tiling scheme actually used to print a document becomes
associated with that document so that the 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
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The net page publication server optimzes the segnentation of docunent
content into pointcasts and nulticasts. After receiving the pointcast of a
docunent's page | ayouts, the printer knows which nmulticasts, if any, to
listen to. Once the printer has received the conpl ete page | ayouts and
objects that define the docunment to be printed, it can print the docunent.
The printer rasterizes and prints odd and even pages simultaneously on both
sides of the sheet. It contains dupl exed print engine controllers 760 and
print engines utilizing MenjetTM printheads 350 for this purpose. The
printing process consists of two decoupl ed stages: rasterization of page
descriptions, and expansion and printing of page inmages. The raster inage
processor (RIP) consists of one or nore standard DSPs 757 running in
paral | el . The dubjshegealy setipFttingngi ne control | ers consist of custom
processors. whi chhighwpi@btiyy di ther and print page inmages in real tine,
synchroni zed with the o eration of the printheads in the print engines.
Printers not enaBl'88™ 8™ IR printing have the option to print tags using

| R-absor ptive bl elnkcpsnk, al t hough this restricts tags to otherw se enpty
areas of the pagg, ékhggugh such pages have nore limted functionality
than | R-printed pages, they are still classed as netpages. A nornmal netpage
printer prints n&d %@E@“%h sheets of paper. Mdre specialised netpage
printers nay prlﬁhhﬂﬂ&ﬂpﬂﬂﬁg speci al i sed surfaces, such as gl obes. Each
printer supports . east ne surface type, and supports at |east one tag
tiling schene, a g map, for each surface type. The tag map 811
whi ch descri bes &imhdwmydmﬂmwhgdmﬂh@ne actually used to print a docunent
becomes associ at g, Mothpidat document so that the docunent's tags can be
correctly interpreted. Figure 2 shows the netpage printer class diagram
refl ecting print'eWPever eedprlioRf or mati on maintained by a registration server
11 on the net pagsi bty avAilddletifiink @ohnBBBaM: MR theRbnatb@risagt page printer is
described in gre eferen Fi gures

o te o0 1% R Ef H ol D SRR e Shmieaet drefesett HLPEAES bt g

printers nagetds tdy panwmlqgammneéto ad Mgimtetth teplmplagyi. Mgmjet“érslard@b{og{imd
i ncl udi ng LB&rERho1dgh lsua@ Lmorsurﬁa; Qb b&]tﬂemglfﬁ,hcatéd%ﬁg m‘?c!m%fea oL Q9T ap hic,

and others. However, for w de consuner acceptance Is desira e that a
net page pri¥fitEr (MEMS pqhelqey) Figwir dg hehat aiRgle priing c??ment PRBoSGr MpHr® qual ity
col or pri nirinthehd NEREGRPagbGralliinter incorporates 168960 printing elements 300 to form a 1600 dpi

pagewidth duplex printer. This printer simultancously prints cyan, magenta, vellow, black, and
infrared 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 clements of the printing element 300 are the nozzle 302, the nozzle rim 303, the
nozzle chamber 304, the fluidic seal 305, the ink channel rim 306, the lever arm 307, the active
actuator beam pair 308, the passive actuator beam pair 309, the active actuator anchor 310, the
passive actuator anchor 311, and the ink inlet 312,

The active actvator 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.
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hi gh quality text printing high reliability |ow printer cost | ow i nk
cost | ow paper cost sinple operation nearly silent printing hi gh
printing speed sinultaneous double sided printing conpact form factor

| ow power consunption No commercially available printing technol ogy has al
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 Menjet TM t eghnol ogy. MenjetTMis a
drop-on-demand inkjet technol ogy that incorporates pagew dth printheads
fabricated using m croel ectromechani cal systens (MEMS) technol ogy. Figure
17 shows a single printing el ement 300 of a MenjetTM printhead. The

net page wal | printer incorporates 168960 printing elenments 300 to forma
1500 S " baevi GEE DR DG SoTHhspFIR TR ST eousk yopr nt S
cyan, magepdoa, yellow, black, and infrared inks as well as paper
conditioner and ink f ive e printing el ement i S approximtely 110
m crons | ong by el%é)%gMVFHBW$$§P§?§mO€# T%@?@mﬁg?%?Pﬁﬁp @ﬁéﬁgg are
formed on éroget] ink onetgudd St the hezI8 Chmbdy &Y surfaccoerpion ai tesinlCdGclsGgé end adat a
transfer, fiaag, 3o§faqmqrbétw§enﬁ;e5&mmamw%4 a%ﬁ'%‘é\’m(c 2RI B 3 ' gnent s of the

printing elenment 300 are the nozzle e nozz erim the nozzle
chamber 304, theVﬂP&PBPE@s@%PnﬁﬁﬁiCPW@ ?ﬁwﬁtﬁﬁﬁ%@%‘PWMW@DGWIF%EQEQVer arm

307, the aedirserto aﬁtcua&gfm&a@arémaﬁn&tcm datahﬁld Pt (Mal@ € dHat QF elElﬁ@dEb pair
309’ . t he. a$1t8| ¥§ui§cqliv%l_?a1€:ttuo{or nChaO'u[ 3({%1'91%13 cau s an ¢ e%t%l!:ﬁ\{g.g%éttéjga}s%é:c? NG g 311 and

the ink in eam pal Ty j oi ned
t o t he passaingds detabat ore Imeramqyé,l resulti@D® Jadle hdangj Biener@it@iurc-Bodréasdresuiivg pai r s

are anchor gg, ﬁ)tulcthgﬁhé caﬁé%§lﬂ9€ga1'n%ﬁr ﬁj@%%mﬁ%mépagsm a&&?ﬁ%r Behdh: alI E@ is not

conbi nati on of elenments 308, 3 310, 311, and forma cantilevered
el ect r ot hePHER iioRhot gRpateyting FHe S“I‘—efsgléffeée“?@e‘é‘ﬁﬁ’v\%e rodgan paitykhis sg¢ss an arr ay
of printi ngjffetresniasiaB Eesolved HyUl aftileveftt @B of &e@httﬁme&lﬁb&i& a&uda;rrlz.nml ng

el ement 300uqil hgﬁasq%m%; SRR : ol S U i3 RLert D nd B SR SDOW

the ink inl asses fgh”the siticon
304, The nozzie chamber 304 moves about two microns to the position shown in Figure 19(b}. This

increases the ink pressure, forcing ink 321 out of the nozzle 302, and causing the ink meniscus 316 to
bulge. The nozzle rim 303 prevents the ink meniscus 316 from spreading across the surface of the
nozzle chamber 304.

As the temperature of the beam pairs 308 and 309 equalizes, the actuator 320 retums to its
original position. This aids in the break-off of the ink droplet 317 from the ink 321 in the nozzle
chamber, as shown in Figure 19(c). The nozzle chamber is refilled by the action of the surface tension
at the meniscus 316.

Figure 20 shows a segment of a printhead 350. In a netpage printer, the length of the
printhead is the full width of the paper (typically 210 mm) in the direction 351. The segment shown is
(.4 mm long (about 0.2% of a complete printhead). When printing, the paper is moved past the fixed
printhead in the direction 352, The printhead has 6 rows of interdigitated printing elements 300,
printing the six colors or types of ink supplied by the ink inlets 312.

To protect the fragile surface of the printhead during operation, a nozzle guard wafer 330 is
attached to the printhead substrate 301. For each nozzle 302 there is a corresponding nozzle guard
hole 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 dryiné, the nozzle guard is

sealed while the printer is idle,
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N PX022-SC 20 Figures 19(a), 19(b) and 19(c) show the operating cycle of a
Memet"mprinting elenent 300. Figure 19(a) shows the quiescent position of
the ink neniscus 316 prior to printing an ink droplet. Ink is retained in
t he nozzl e chanber by surface tension at the ink nmeniscus 316 and at the
fluidic seal 305 fornmed between the nozzle chanber 304 and the ink channel
rim306. Wiile printing, the printhead CMOS circuitry distributes data from
the print engine controller to the cofjrect printing elenment, |atches the
data, and buffers the data to drive the electrodes 318 of the active
actuator beam pair 308. This causes an electrical current to pass through
the beam pair 308 for about one m crosecond, resulting in Joul e heating.
The tenperature increase resulting from Joul e heat | ng causes the beam pair
308 to exphfd. Adhe NetrgaeBene actuator beampair 309 is not heated, it
does not expand, Th@&ubetseﬂgagldsm@ &%Qaﬁagsiwsﬂ‘eﬁﬁ@@ﬁ@up%mm Wik, s ubeam
pairs. Thi SuSlid.gs lg 4ere ce |s ‘%é '%?JE resol ved tg% the cantil evered
end of theBF&E nfrﬁ & mat ' ﬁ&’%?ﬁ ec PRRARE BH b 0B YA &R bst r at e
30 1. The #ees@eﬂhtamageae@& it 2 sptid-smtt gevich pvidwhwathen bpptopriithBitenpzdndt sakiagber

304 The nﬁéﬂ%%e& mg rwa?é%ﬂgtﬁ@)‘.?ﬁesﬂ%g En IL&Q dJHﬂCﬁeBQrS EQYSICB%S Eo i{O%IEI%Q ShO\Nn

in Figure 1 i ncreases t pressure, orC|n

t he nozzl eW]?:"Bf‘e %'a %%?B‘é“f‘ﬁ‘@‘htﬂﬁ‘é“‘ifﬁﬁ% %ﬁ? B@d@abéel'e senge tags pt g@lﬁiqﬁ#éramszzl e r| m
303 pr evenéaﬁmieh&mdnﬂiéndmmgaﬁémt 784 @pifor gsatés Ex’fdel@dHBgr RO Eforhdien Sgifabg Of the
nozzl e chatrl‘{‘oeerll 1994 {Ag ess erature 9{ t. te é)eam airs_ 308 and 309

equal i zes, the actuirof ¢ iPiated go e prineg, (P pase a“ﬁlgsﬁh‘f PR OTR#E aids in
t he break- &Wlﬁn@femt%thﬁrﬂ(itadwﬂbmsmtt@me(ldlq@mdghmctwk 321 in the nozzle
chanber, as shovma g}efgﬁeqte&@od;ﬂ?egpafﬂmm@agggydp@m&@@%a nbﬁaaflﬁiri @gpeay the

action of the surface tension t he  meni scus . Figure 2 ws a
segment of ' 2P PATREEEE $8: T'I‘%mﬁkj%fsbﬁbé‘mfﬁ”ﬁntsé'?t ne?%%fyl fentng ﬂ%i’fﬂeﬁ’%

print head s.ysenﬁ hea bratwdingvdyaint) sech af hﬁeﬂﬁﬁjﬁﬁﬁed (ot ;&plnféalled iterfak€) FATN) nelphketpBis
direction 3 segnen 0 abo t 2% of, a
conplete pr %dmg')qh“%ﬁ éh %trelrsﬂ %&auﬁlﬁepenﬂﬁ? ngh rmve Hl llegﬁatgehpemfl FRed

print head ¢W%éﬂﬂd¢mé@w@ﬂfe@5®mmqe mpintaived bnel rﬁmasati@n mws 1ppn ithetretpaiegi t at ed
printing elemants 300, printing the six colors or types of ink supplied by
the ink inlets 3 2 To rotect t he fraglle surface of the printhead during
operation, a noz O viafe Fongso ™t 2 gpresc e ot GeEREeh it ResHieRd S ubst r at e
301. For ecatehatimzddnee 8>0tae pdgerke nd ifatecied asqoﬁmhsagornmzﬂe&mguaf tle nfbGt e 331

t hr ough foi revent t zl g.quard hol es
331 fromm%tg‘glgkﬁﬁegﬁt@%( {(QPJS gdstﬁziﬁ‘ﬁ"a &k%%?rsiég e%oltgh r debri soﬁj’}“‘fli f8red air is
punped t hr'BEgHive plemeat o thayage 8 bsggckath&y pEHHing yith tllheenrmizzslcedegtsramuesh@ayes during
printing. ifRmRH@VERA 2 hddkorld e, Bhe Ydr2ds cabilRd BOZ Zh@ubH A6k b Silow, say,

the full dynamics of a signature to be verified.

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

Pen actions relative to a netpage are captured as a series of strokes. A stroke consists of a
sequence of time-stamped pen positions on the page, initiated by a pen-down event and completed by
the subsequent pen-up event. A stroke is also tagged with the page ID 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
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sealed while the printer is idle. NPX022-SG 21 1.6 The Netpage Pen The
active sensing device of the netpage systemis typically a pen 101, whi ch,
using its enbedded controller 134, is able to capture and decode IR
position tags froma page via an imge sensor. The inage sensor is a
solid-state device provided with an appropriate filter to permt sensing

at only near-infrared wavel engths. As described in nore detail below the
systemis able to sense when the nib4;s in contact with the surface, and
the pen is able to sense tags at a sufficient rate to capture human
handwiting (i.e. at 200 dpi or greater and 100 Hz or faster). Information
captured by the pen is encrypted and wirelessly transmtted to the printer
(or base station), the printer or base station interpreting the data with
respect t oPYIREN QORABRYStPRERioat giqy Tbq felsction jsdimptasiped o elipvethbwetemrisriiscasd it t he

net page peifcppadtiaddamePOidd. B cireRQEBRLn BBEH6NGedidhhor B Bike indiile. aBcomkishQR- Mar Ki ng

stylus. The markin howeve not neces for, usi t he net page
system as tg‘e BrS n”cmgdgg]l P%f e CEREH t%gug\llﬂﬁg g platg totfg g’dé/ké ung grep ﬁ{]‘gerl?‘?éet

i nt erface. It Bagtiprted pag@pp@mnrssecﬂcagmst @reitiswbiritted hen aglipdgevisyskeiamand has
a uni que PRRedilR Likvaudal gure 23 shows the netpage pen class diagram

reflecting pen-related informati on maintained b regi stration server 11
on the net page ﬁéqhwm%saVWérﬁm&g%Einsﬁﬂﬁmbéasmtlé@ﬁmepewﬂiﬁsyaﬁe%é@&age t he

pen det er Nt thetdsfafiQRiplide @h @RGbedQbVE Uit 0 tharkBik BldiVifk diorldi@oRAGRIng The Ni b
is attache toaforces nsor, ndth for 8[2§nrthe mtergreted

relative to 4 Thy SERAT G 8% it |h8sa en é]fb are B i & i ’SH% ashgSsacshn" . Thi s
all ows a Withtterrse by anapiicsion . ioresgohsws tqiaﬁgl@ertscleelu@acelor Edoedpaley Thedegslitng with
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the tag fr¥mi ﬁ@,ﬁh@b@epvw - sPesatthaypencfhilst to rdedodna oirpke hdative ralgedagealy and t he
known geongédintadlly a&tﬁ@cesﬂ%n‘ r&m L@§ Wih iR Qe RictBR iPaRbdideOkubRSAhdL kP@e Of t he

tag my be lo ec; tag density on the page is inversely
BHopi P tarsh HE b

proporti on&f> adj usted position resolution is quite
hi gh, exceedi ng theumcabfivapwedsokes sirgirred @opy idipid ik Obigiaet ki foahsethdtasigir | t i ng
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strokes. A stroke consists o sequence st anpe positions on
the page, Mraeaficadrnis{siggaen- down event and conpl eted by

The pen is wireless and transmits digital ink to the netpage printer via a short-range radio
link. The transmitted digital ink is encrypted for privacy and security and packetized for efficient
transmission, but is always flushed on a pen-up event to ensure timely handling in the printer.

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

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

A preferred embodiment of the pen is described in greater detail in Section 6 below, with
reference to Figures 8§ to 10.

1.7 NETPAGE INTERACTION

The netpage printer 601 receives data relating to a stroke from the pen 101 when 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
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t he subsequent pen-up event. A stroke is also tagged with the page I D 50 of
t he net page whenever the page |ID changes, which, under nornal
circunstances, is at the conmencenent of the stroke. Each net page pen has a
current selection 826 associated with it, allowing the user to NPX022-SG 22
perform copy and paste operations etc. The selection is tinestanped to
allow the systemto discard it after a defined tine period. The current

sel ection describes a region of a pagesinstance. It consists of the npst
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 submtted to an application via a selection hyperlink
activation. Each pen has a current nib 824. This is the nib last notified
by the penSEBie haowrsktefich ph 2 tstieke: Bhgsietapfiloyhibe ddsntiy) Pt the eppiende ppesrendescr i bed
above, ei tkbﬁ:l’cmfehlﬁte%ﬂidéiela@edﬂ{o&@ Keténﬂiﬁed’ﬂn@%rﬁﬁdlﬁalh&z dg@zgreﬁﬁwﬁi—oﬂﬂom@ E)}Mhéb%% nib : S
current. rent nib s e s is the style

| ast assocl %FVES V\lJ %Fl hﬁ’o tamed Jghf indcating dpp Eé‘%/‘?sﬁ’ﬁteg@ﬂ&pnftﬁ Vléeéedbﬁ?g'esfo t he
user sel ectip thg DAScth mgeﬂliﬂéﬁméthpatomm@thél'lhﬁevodeédamstof thminktpapt phee sérgertibie ni b
styl e assoghial Gfhstie Jonep&%g ggge mgrmee sa'ﬁt ft %ﬁémga&%rsﬁ&enmgﬁgbse@epe“ are

tagged with the current nib he strokes are su uent |
r epr oduced BeRa8? v4F @“‘i“g‘b‘l‘iﬁﬂﬁ?ﬁéﬂ a ??ﬂ{eh%“’keﬂfhﬁ-‘ b privger gt Hredeiibets ﬂrewé‘vesar e
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conmuni Cat;‘?etsxs en .t he en fails
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"error" LEDs yE@iecas h@e%émos%ee@dbewhnrede&leehm@ mgtwstky oke rel ative to the

page, it nonment akfhkymepdeh %?Jeﬁéceﬁvtessth %ﬂeﬂ‘ﬂ% ﬁmﬁ%%gtﬂe&fge &e@&ﬁ)ﬁu’ngg strokes
i's referred to as di %rtal ink. Digit ink fornms the basis for the digital

exchange oV aRATg PRt 2PrLdsistpins |Wr"l’§1h el'f"’eﬁ11t ieipage dessERSgn fhe sieke ptersects.
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radio link. The transmt |s encryp rivacy and
security aWEFe%%‘I?@%‘EpzﬂéﬂmPGF be‘ilﬂqssdll?éﬁ?me smelhmaxiius hp pbjcchvick fsacaram%af | ushed

on a pen- Ugliceysitdly fQuiRDS ek totbe a&lkzéfedhﬁia%doﬂ& v 15026 sPokk Rliglored MERILDE PEN 'S
out - of-rangfe of a printer. it b in internal nenory, which

has a capalirfS B oteta f efrPRy Hctketg reéﬁ"’%‘%‘r?%‘ﬁ"r‘ﬁ?&ﬁﬁ‘ ° lpghihgeranye mﬂWPé’hS the pen

is once agakhLER-t hin range of a printer, it transfers any buffered digital

ink. A pen can bensegi shekador prl{;uefﬁxts YD) ee Blce ggsaﬂ)&e[ﬁmm&s apffseyse al |

state data_resides I n netpages on paper an e networ
| argel y |n‘i'lréﬁsérlruh‘|br°maéﬂmﬁp teldiganealso igge thejaddivatiop phra atsecitd ipethink-h at  any

parti cul ar1.r.itme. Hyperlinks

A hyperlink is a means of sending a message to a remote application, and typicaily elicits a
printed response in the netpage system.

A hyperlink element 844 identifies the application 71 which handles activation of the
hyperlink, a link ID 54 which identifies the hyperlink to the application, an “alias required” flag which
asks the system to include the user’s application alias ID 65 in the hyperlink activation, and a
description which is used when the hyperlink is recorded as a favorite or appears in the user’s history.
The hyperlink element class diagram is shown in Figure 29,

When a hyperlink is activated, the page server sends a request to an application
somewhere on the network. The application is identified by an application ID 64, and the application
ID is resolved in the normal way via the DNS. There are three types of hyperlinks: gencral hyperlinks
863, form hyperlinks 865, and selection hyperlinks 864, as shown in Figure 30. A general hyperlink
can implement & 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
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A preferred enbodi nent of the pen is described in greater detail in Section
6 below, with reference to Figures 8 to 10. 1.7 NETPAGE | NTERACTI ON The
net page printer 601 receives data relating to a stroke fromthe pen 101
when the pen is wused to interact with a netpage 1. The coded data 3 of the
tags 4 is read by the pen when it is used to NPX022-SG 23 execute a
novenment, such as a stroke. The data allows the identity of the particul ar
page and associated interactive elenmenpt to be determ ned and an indication
of the relative positioning of the pen relative to the page to be
obt ai ned. The indicating data is transmtted to the printer, where it
resolves, via the DNS, the page ID 50 of the stroke into the network
address of the net page page server 10 which nmaintains the corresponding
page i nst afféeiogspthe appliqatinanll the syechs splectipheontsing piglerwrrd biese phigd, foraranents, | f t he

p?ge \évas ] r @€ Qflblnl:a}{oﬂ ﬁ@ﬂ&th&l'&%ﬂlglb—@ag@ RodEd: | lgﬂrng e RkiSs méaiilﬁ‘gﬁmktE}ﬁthpédn{eh% may
al r eady av

ress of t he v In its cache. Each
net page co‘r’@l SP &rg P 3%:0%%&??‘% @81 Frgﬂsg"t‘]%“agfhg?ﬂlg E’ﬂﬂwﬁ%isﬂlaé"tcﬁﬂiefl)b’y by a
net page paget sirmatien i§ sbwitdi twpppliddien. page | ayout refers to Obj ects such as
i mages, fonts apg, pan%g@m%fhy;m indiafB £68! bobraS by ch]agacd%l] &linOfky b€

net page network. \Wen the page server receives the stroke fromthe. pen, it
retrieves PRaica e Pis dstrnepon wch the hypgink psierre seprern Kbs tepyrtion & canidéntifet er ni nes
whi ch el enﬁa{sp@ﬁictdlﬂﬁtonmg@pldﬁt&ﬁ,r fofdxhiBile 4 RBopBhE GHe of RREBIeSRRhSes malntaide® t hen
able to |nber £ t. tg\ehcsaﬁor%léghl?vé%ge context of the type of the rel evant

el enent . &foine peplicationon Balt b AGUST he di stance and time between the pen
down posi t| on ana“hEt fyetem ggludee dheamt’s perntispleqlios B16i iop seecgobpphrlidkesdvatibnan sone
smal | naxi ’fﬂé@steﬁﬂn@ﬁe@ﬁé ch%htCtJ? tﬂe%ss@&zitéd‘é@ﬁnqgstéaye &8 ifd fo%kﬁyrﬁﬁlga%&%xo [equires

aclick to be activated, and accord %F | onger stroke i1s i1gnored. The
failure of %gbgﬂleé‘&efl%hasé‘ﬁéﬂb“&%deﬁa ' tb‘ﬁpﬁ?}""“lﬂ“i'l’éksmc? e }aﬁé‘ir@ts‘é\mlﬁmg“

i ndi cat ed Bixclided. Tha gykted includs postRaivE fe@i gathen JRSRpeBlink : dﬁkanoﬂ:sED There are two
ki nds of input el tpaep e iLon; Ilnsandform
fields. Input thfﬁgg’g%n%edf%wﬁggg %Ft(g?f‘rv%;l&lgtérmf 5o ? PR A of an
associ at edspipieriguredl. When %P“Hyffsms Iﬂqu'\lkgam( ﬂ?ylﬁéﬂmemnkthpsmap mlaetuserloﬂc 84endi ng a

nmessage toas@matemt@ uﬁpg%ubqaadﬁoaed anﬂrérmcpgdob aslue%édstoaassomté B ek €SpONse
in the net ment dentifies the application

Lage g’}/ gq%/ A}fh |nk 4
71 whi ch HEATICEE 2 HTIRET 67 '{"ﬁe‘t °aﬂy9‘5%‘?‘1‘15?‘i‘km capiyacine i hs Uy A"
i denti f i esatttilves dfy f@m himaiting, @ﬁmaieaqmnhuooahpwmanmh addnl R Banld@eplind @Gisedfd ag Whi ch
asks the s b r, I 65 1 n the
TR i e e T R R T T S
i s recordetl’cdds-a favorite or appears in the user's history.

1.7.2 Forms

ﬂ

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

A form 867 is a group element 838 in the document hierarchy. It ultimately contains a set
of terminal field elements §39. A form instance 868 represents a printed instance of a form. It consists
of a set of field instances 870 which correspond to the field elements 845 of the form. Each field
instance has an associated value 871, whose type depends on the type of the corresponding field
element, Each field value records input through a particular printed form instance, i.e. fhrough one or
more printed netpages. The form class diagram is shown in Figure 32.

Each form instance has a status 872 which indicates whether the form is active, frozen,
submitted, void or expired. A form is active when first printed. A form becomes frozen once it is
signed. A form becomes submitted once one of its submission hyperlinks has been activated, unless

the hyperlink has its “submit delta” attribute set. A form becomes void when the user invokes a void
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The hyperlink elenent class diagramis shown in Figure 29. Wen a hyperlink
is activated, the page server sends a request to an application sonewhere
on the network. The application is identified by an application ID 64, and
the application IDis resolved in the normal way via the DNS. There are
three types of hyperlinks: general hyperlinks 863, form hyperlinks 865,
and sel ection hyperlinks 864, as shown in Figure 30. A general hyperlink
can inplement a request for a |linked dgcunent, or may sinply signal a
preference to a server. A form hyperlink submts the corresponding formto
the application. A selection hyperlink submts the current NPX022-SG 24
selection to the application. If the current selection contains a
single-word piece of text, for exanple, the application may return a

si ngl e- pag®TBGwETEH or GrRIFTRomheRenenmmaad. defar ToiTRIvben the ikeethelomt axbeenn  whi ch
it appear Sacti@d exdeelld BN Hlh hﬁaﬂﬁédﬂlf&nﬁ Whﬁefiﬁd' @Hﬁ is| a86Q UBi@tCin #@Calnmbb)dpﬁﬁdtl nk type
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content of %Otb? m%ae% qciated, forminstance 868 in a form hyperlink activation,

al t hough i e]rnlalseaﬁ has its "submt delta" attribute set, only input
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net page. A, fQiMab hou§saser to subnit one or nore paraneters to an
application software programrunning on a server. A form867 is a group

el ement 838 in t AeeXidEl dentm Hrasialsd gt value(882 a5 ishosp it Jigere A6 adnysligitalinl

captured in 2 iext field’s zone is automatically converted to text via online handwriting recognition,
and the text is assigned to the field’s value. Online handwriting recognition is well-understood (see,
for example, Tappert, C., C.Y. Suen and T. Wakahara, “The State of the Art in On-Line Handwriting
Recognition”, IEEE Transactions on Pattern Analysis 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 value 883, as shown in Figure 37. Any
digital ink captured in a signature field’s zone is automatically verified with respect to the identity of
the owner of the pen, and a digital signature of the content of the form of which the field is part is
generated and assigned to the field’s value. The digital signature is generated using the pen user’s
private signature key specific to the application which owns the form. Online signature verification is
well-understood (see, for example, Plamondon, R. and G. Lorette, “Automatic Signature Verification
and Writer Identification — The State of the Art”, Pattern Recognition, Vol.22, No.2, 1989, the
contents of which are herein incorporated by cross-reference).

A field clement is hidden if its “hidden” attribute is set. A hidden field element does not
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of termnal field elenents 839. A forminstance 868 represents a printed
instance of a form It consists of a set of field instances 870 which
correspond to the field elenents 845 of the form Each field instance has
an associ ated val ue 871, whose type depends on the type of the
corresponding field elenent. Each field value records input through a
particular printed forminstance, i.e. through one or nore printed

net pages. The formclass diagramis shgwn in Figure 32. Each forminstance
has a status 872 which indicates whether the formis active, frozen,
submtted, void or expired. Aformis active when first printed. A form
becones frozen once it is signed. A form becones submtted once one of its
submi ssi on hyperlinks has been activated, unless the hyperlink has its
"subnit debavaam iggut onpen apageemnd doss pab pqgenh pwiribesn hayk eh apeeinied fidd whie phictnigokes a
voi d NPX%ﬁclﬁﬁri] %hJﬂHHaﬁHﬁ?ﬁﬁe %xﬁ{cﬁﬁtﬁﬁm&u@ﬁ&&ﬁuﬁmﬁ@{m 8896 co][manmd. A form
expires en the_tjime, the rm has been _acfive exceeds the forms
specified lifeti n%%‘t%?qmém?‘ﬁ’esu?h@? Tiedhraehy C,at“fg&e%‘i"inrfﬁﬁ?ls‘}lq’§ rGPEBHED. | nput
t hrough a feorfieldshi ch is not active is instead captured in the background
field 833 of the B'é(%lls@\{ﬁenﬁanmgg relc%ﬁﬁn@xﬂ&l&m&h@f‘@&k& kb%liJIeQr'r.E i gc%%sls Yoethgr
frozen, formsubnm ssion is allowed. Any attenpt to submt a torm when the
formis notynapies Qfghgpentpaysmgt) wtherathacioline” Sivel With aqcesa @nlg|te & ibitsaraef Hemr m

stat us repfirkingsFaGhh £QEiel rSdnteeely SvriaSSAGhRkOMn (altivaPhighicthacqRitméer m

i nstances derived fromit, thus r.ovi di a version history. This all ows
al T but thb e gepndeal e BRSe 4 SR seRendehy Thopfl o) SapaiiRe, % femaealy o pe
excl uded f sowmted werdimethowiiel, andpuite shwrapdpt-uedin@essady.gi tal ink. Digital ink
873 consists of a;3@tn0fs ai:%aqm@dmﬁgmscga@ ﬁmﬁ%f@m& Bdtrol %ﬂh?%m"m' ch

consists of a set of style strokes 875. Each stroke consists of a set of
ti mest anpe¥PFERandEept s Fhe igangendedia thapglenpals digita)) il pais Feadheler BEemeseent at i on
and ni b f oasestroldt dppgidediko an dbkectd dgiGl Gk aghaMm hperRBDBNhd Puckr@td €eld3. A
field el engnt 845 can be a checkbox field 877, a text field 878, a draw ng
field 879, or a signature field 880. The field el enent class diagramis
shown in Figure Ditalpmly ceitgpd ad the fackereprdufiad 4 mternmetdd el o' sglection@esi®:- i s

assi gned t GirduR@riptiolofloncAr GRRURAK isfebRlally BRSradt AS306kiaT &dndoelfameyal ue

881, as shqwn in Figure 35. Any mark  (a tick, a cross, a stroke, a fil

zi gzag, et ?T“ﬁ@ﬁ?%ﬁ %FTW*Q?TW%%?H@?N?éﬁ?ﬂmgﬁ%one causes a true value to

be assigned to t Webldd eslargesbdserariondpdndnttradiivielngth haspagn associ at ed text 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

NPX022-SG



Recogni tion", | EEE Transactions on Pattern Anal ysis and Machi ne
Intelligence, Vol.12, No.8, August 1990, the contents of which are herein
i ncorporated by cross-reference). A signature field has an associ at ed
digital signature value 883, as shown in Figure 37. Any digital ink
captured in a signature field s zone is automatically verified with respect
to the identity of the owner of the pen, and a digital signature of the
content of the formof which the fieldy s part is generated and assigned
to the field s value. The digital signature is generated using the pen
user's private signature key specific to the application which ows the
form Online signature verification is well-understood (see, for exanple,
Pl amondon, R and G Lorette, "Autonmatic Signature Verification and Witer
I dentification - The State of the Art", Pattern Recognition, Vol.22, No.2,

1989, the TMieSﬁrﬁnﬁfydMﬁieﬁﬁht%&d‘iﬂrvﬂtﬂh ndtpayepor ated by cross-refer ence) A
field el erren dden—if-—ts "hu dden" —attribute s -set A hidden field

T
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writer-dependent del—of—handmrit+rg— eatty—generated over
time, howgver, and cag"ﬂng e_ge 'gala ed _up- ?Sc') It qqrﬁketgggléarv. Digital ink, as
al ready stlat ed, cof¥ignsture offSignaliseiuence ety digitsk ok siomatyretenerkle whijch starts
in a partficular e|lenment’'s|zone is appeag%ﬂs,h@u}@@imﬁ{ uBGH digitadi i t @l i Nk
stream rgady for |nterpretjation. Any [tr appended to an |object's
digital ink streamis appended to the bi® 'Vg‘f’ﬁﬁﬂﬂfdfleld s digital|ink
stream Dijgorteal i nk capture.@lrciJmSttrInmrbac}kgmgnmmtaIfmletb(dur'rentisemoeimrpret ed as a
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actual i nterpret &b9Sm Geipp 4 cemn lectisp & pach pen. Thalytlestion consivirainiplyefthe hese
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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 submitied 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 outside 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 330
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
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bj ect TypePen i nput Acti on HyperlinkGeneral CickSubmt action to application
FornCl i ckSubmt formto application SelectionCickSubmt selection to
application Formfiel dCheckboxAny markssign true to field

Text Handwri ti ngConvert digital ink to text; assign text to field

Drawi ngDi gital inkssign digital ink to field Verify digital ink signature;
generate SignatureSignaturedigital signature of form assign digital
signature to field NoneC rcunscriptiongsign digital ink to current

sel ection The system mai ntains a current selection for each pen. The

sel ection consists sinply of the nobst 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

retai ned offtorpiging @t fﬁ?élg‘éhe&afg‘éﬁ fackd iy part of m Bypdinked gOTNte8 kidyif sopagivatime (2t 8 wi t h t he
form data wmbemsotined h@selinks alfekRifcl 84bnki@ing NG 80P hiedtd @0 folb&t Aeh@is the

appllcatlontomterr { he raw digita o] it s ect the

ori ginal cORVEISF &2 }9'865 aeie“ieﬂteanddgﬁ‘iglé?lﬁhﬂﬁ?%fsgﬂ ‘ﬁ‘d\ﬁ?rfefpto%#“gtp BRElikhi s can,
for exanpl @temptiveip) iv éhe hibsamn of atigput/ipht drdypeditk, threndipgihtise@ttheorreividesette th or  f or ns
whi ch fai | 4,6 gLt bR oﬁe,pucﬁgsan%elﬁ RS dd &pﬁ&g@e @ﬁ)%&%gmsg&ﬁe 1o/l Qe fX! eNst on

to this, the entire kground ar éa ormcan desi gnated as a
dr awi ng flﬁleﬁfmn‘?’?ﬁé’fﬁ‘ﬁﬁlﬂeé@tﬁ? grmanigined hethe regdEiddevgn t he basis of the
presence of di g| F@hreBBd(sh@klislddﬁle& wR%Pbf Kdptsol mﬂhlelgm&fss §hb@n fnQighe 330 route

the formitpo uman e e .assu ti o a have
i ndi cat ed ahr?% et o ‘%({1 lml% Iio"’f ﬁ%(?fsnmt? %CC% d% g'f’e ?P%%ée‘mf
Fi gur e 38 mybrowsomsisfs|ob detraming @4t 89ﬁevhpuhcd®s®ld)$ ahhqnlsﬂomagl (oet97) wistter thel at ive

to a net paagtal Iaﬂ@epr@én%cﬁ&%cl&ﬁﬂs bt 18 s PhissibBGLY RIRY a(n%L Vﬁﬁe% tﬁe ﬁékﬁ Q. from the
pen; identi e instance 830 whi ch 50 in

the stroke I‘F’é‘? §det?r5't“i“’igé?}|8ﬂ%) “Khﬁ‘geré@éje“tlhéteﬁh%“éd H‘éé’?ﬁf’l"ﬁ‘t‘?‘@?ﬁ @ J)Oiolil'éﬁﬁt i fying
(at 887) caglfanhmtcamteelean@mttheaﬁﬁ om@@@romeﬁsﬁaﬁoheer&t raﬂi@@ngnmgeﬁ s@ayt s;

det erm ni Ng. &g#ercguBc%)n er? ép tg the?ihlg vzgf g%l{g{%%t}éield deefe eman{at %BE)YX}% ed ’L?elj]cf 0, 3 f ield

el ement, and SO a ecerved e i gital
i nk of t hesignpteedicld an ésosm@mg fat Y pihedigifabink atheg@Biture ‘Pféheam:uWJawédﬂldl gi tal

i nk of t hepefy &h{é,ap@mate N,ngn §9328reﬂﬁg @E 5940k Bigital 8fna8R4k WL&EAELs hbe fiel d

is part of rlink group 1f so activatin at 895
P COITCSpXIBl%g form, a so th the hegj o the reglstratlon server and using thg pfgn owner’s prlvate

signature key relating to the corresponding application, and assigning (at 905} the digital signature to
the field value.
1.7.3 Page Server Commands

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

A page server command 907 can be a void form cornmand 908, a duplicate form command
909, a reset form command 910, a get form status command 911, a duplicate page command 912, a
reset page command 913, a get page status command 914, a duplicate document command 915, a
reset document command 916, or a get document status command 917, as shown in Figure 39.

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

printed, and the form status of the form instance.
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t he associ ated hyperlink; alternatively determ ning (at 889) whether the
formatted el ement corresponds to a hyperlink elenent and if so activating
(at 895) the corresponding hyperlink; alternatively, in the absence of an
input field or hyperlink, appending (at 890) the received stroke to the
digital ink of the background field 833; and copying (at 891) the received
stroke to the current selection 826 of the current pen, as maintained by
the registration server. Figure 38a shows a detailed flowhart of step 893
in the process shown in Figure 38, where the accunulated digital ink of a
field is interpreted according to the type of the field. The process
consists of determning (at 896) whether the field is a checkbox and (at
897) whether the digital ink represents a checkmark, and if so assigning
(at 898) a true Vipu® forg hyprsliokiefaco eopiaias o tansectiph Hp.i e pplictierchasitnibng ( at

899) whet hgoehen fib@kidy h%ev@-fci‘rﬂ)ﬁistaﬁdee}\_ BuiRh GogudstiiOa SHNMEN Inktide (sakerdRP) t he
digital i with the help of the appropriate registration

in ut e
server, angp ﬂ ﬂgmmm%%f 8&?‘ the converted conputer text to the field
val ue; alter nat | ieduplicete eze whminang plodtce QO ntodivertyhd thetchieesfandihglpags ingtancs i gnat ur e
field and ﬁ@m\é&;auﬁa/ﬁwva(@pm%%z it ﬁlspa@g Cnbafb o b oPR phel'Gt TGN AEAEE OF the
pen's owner, W th I'p 0 Fopriate registfation server,
creating (‘&‘Ph‘@@@geac%in{j‘f“i & m@ﬂ’@ﬁ‘fétﬁﬁrae F"afehfémbé‘?ﬂ%aﬁf A aesett e oRmsRapes pondi ng
form al sopredutdd 4 pentdaedopy of lt(lieh@rrésjﬁ@idﬁb fpadel ﬁﬁanS@WErtheaﬁhdkgiétﬁuhd'l Geltt h@u@en
owner's pri.v nature relating to or respon atlon
and aSS|gnéng Fﬁﬁ a%thaF sﬁggfrﬁf%mﬁmrﬁﬁﬁéycmm?ﬁﬂgﬁy {
Page Servewa@@ﬂﬁhndgmmmﬂageﬂyaww@msgmmmahHO@s%ammnmmumdnmhkﬁhmmsfmandled
| ocal |y byCoH@sﬁoﬂaﬁg%ag%%sYzﬁée idefudin® RRS ﬁﬁbﬂ&e&i ! @kl wRbrkaRE, or RRGLI ARG

docunent i nstances. server comrand 907 can be a void form command
908, a duptiEgred %ﬁ?fse&w@ﬁas it ypigins or ispatek f or m command 910, a get form
status comrand 9THs nefaghUfdol vihith @peas en efymapahe KLiknailg asséctfd twith agepieasmand
913, a ged%§g§%m§tatus command 914, a duplicate docunent conmand 915, a
reset doc nt command 916, or a get docunent status command 917, as shown
in Figure 39. A V&Pt fage Wtanemidpicaged iwitls figlth valyep pressrypr fiell valpef o priiitedgt ance. A

dupl i cat e &aFf AGORARNG. a Mﬁél&lﬁrktabfeaﬁ% h GRRBAhO8m iR APHid) St PRGEpRAd of hEN
produces an activ the current form, instance with field

rinte
el s pr ot Suirmidi o Cooupr e S BTG MU AN SHEPIO | Do as
t he ori giwalstandanidraphic ingicdtingliusdessfutpugrsthabérdicdtioam t he original to an

appl i cat ion. A rmshcztgamnﬁ&mﬂanaé&s&&s o BReE Bt SRABALBG AP ance

and then produces an active printe orm I nstanc field
val ues di sesreretith packaseund gieldh alogst pigsere ﬁel dpugens cexaing v ifermedhmetpor t on

the st at usduplficatc BE&umER bdr@SPORIAGs o foihd iR Sk @ﬁié&way h ﬁﬁ‘ﬂhbh@d 0i6h doheafAdesl shed it

when it was grlnted for form status of the
1 d
forminst an&& w \c,iwlgromwes a pnn%ed cgpy or} the correspondmg gocument instance with

background field values discarded. If the document contains any forms, then the reset document

command resets the forms in the same way a reset form command does. A get document status
command produces a printed report on the status of the corresponding 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™ attribute is set. A hidden
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29 Since a formhyperlink instance contains a transaction ID, the
application has to be involved in producing a new forminstance. A button
requesting a new forminstance is therefore typically inplenented as a
hyperlink. A duplicate page command produces a printed copy of the
correspondi ng page instance wth the background field value preserved. If
the page contains a formor is part of a form then the duplicate page
command is interpreted as a duplicate f,orm command. A reset page conmand
produces a printed copy of the correspondi ng page instance with the
background field value discarded. If the page contains a formor is part
of a form then the reset page command is interpreted as a reset form
command. A get page status conmmand produces a printed report on the status
of the co?mpfgﬂmengdc’pwé hyva gn #pe @oncion@l ragk ang) sswronop bbictivated dlirpatly byvmen it
was print egher, fQhn, WARMR:] e M@Sted Rk b P48 GorveR BnntaBEerte @il &1 Oiff Y pab Qi Bae i
contains or i art of 0 which appears on every netpage is

S . _The netpage |o
usual |y as®¥8ti” FrecamW"tdl]i‘antsd?PpsF]F%)%t @mbbtgﬁé el ement. \WWen a page instance is
dupl i cat ed1.8i t h SrsbdrvEdanersespr serees]l, fiel d values are printed in their
native form i.e; i Kk S ] rd _chec [ raphi c, and
text appears as h}téﬁgjts}ge?r Ié(% g’%’.ea§%§§%rlg§n§ﬁ§s%gﬁggg‘?%aﬁ%[%g? létgtg %{E)oﬁtgran?gi n their
ori gi nal f®firate fipttihis g nsipgpn apditherclat denpisreried propsriies. Biedeadarsd agls asrhfopy
i ndi cat i NgbusihC GRS dabes BleGRA tHe R0 ¥iBlicls aGBty R ihe phe AH B L8516 HAL MEBRHn COMMand
produces a i i nstance with

inted c of the correspondi ng docunent ]
backgroundprg({ué‘isécepélc’gg‘gerﬁ?e g@r%‘g‘.ﬂqef e 5 B A HECURGOPYY ns, t hen
t he dupl i babwoddicitsme stplasanyandorddipttibicpdags the forns in the sane way a
duplicate formc  pae A onl ird r . rinted
qmuquaggp ge Rogh AR AQ GAHAER i, g@*ﬁg@g R HEifage FucP

copy of the correspondin ocument 1 nstance wt groun val ues
di scar ded. ST paseielgery fpnsnns wpbandipdty ligkige thedpgpduttonpied spMigaticeset  docunent
command resets tbeek meESyvéremt he sane way a reset form conmand does. A get

docunent status _conman duces a printed report on the status of the
correspondi ng do&td rﬁ?ﬂelgﬁ%o%%eg: %F ﬁ%‘?’ﬁ%ﬁ’“ﬁtﬁr ha\?\figm%%lﬂllﬁ?r’slﬁléeﬁedi %I,‘%]p "t was
printed, fressadtiiehiviis b sipgspapy ififadstioandgidhg st atus of any forns it contains.
I'f the page serVgfusCPIRPGnici@n sel ected” attribute is set, then the
command operates on the page identified by the pen's current selection
rather thah on tisehyBteEsHtErlsng t he command. This allows a nmenu of page
server commands bplddehdds méued. | f the target page doesn't contain a page
server conmand eoeurglenttﬁlgcg tehe desi gnat ed page server conmand, then the
command is i gnored. An application can provide application-specific
handl i ng by enbedetend ndtbage ebtodadimdtorpage server comand el enent in a

hyperlinked grOURne ntRGneRAGSiRES MEircBG] bR 6ShdEud MR Bl DK @S SOci ated  with

t he hyperlinked qr oup rat her than executing.the page server command.
he document function menu includes the following functions:

. print a copy of a document
. print a clean copy of a form
. 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" member
“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
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A page server command elenment is hidden if its "hidden" attribute is set. A
hi dden NPX022- SG 30 command el enent does not have an i nput zone on a page
and so cannot be activated directly by a wuser. It can, however, be
activated via a page server command enbedded in a different page, if that
page server command has its "on selected" attribute set. 1.8 STANDARD
FEATURES OF NETPAGES In the preferred form each netpage is printed with

t he netpage logo at the bottomto indjjcate that it is a netpage and
therefore has interactive properties. The |logo al so acts as a copy button.
In nost cases pressing the | ogo produces a copy of the page. In the case of
a form the button produces a copy of the entire form And in the case of
a secure docunent, such as a ticket or coupon, the button elicits an

expl anat or \Frraiotight it gdihe beer @p Frguepiderecte didgposgeras e netsirkhgl e- page copy function
i s handl edz2di r ec PeysoRxLIZEdPUBEEAGAIMOoDREL page page server. Special copy

functions are hand nkln the |l ogo button to an application. 1.9
USER HELP SYSTEN?‘}‘h g?“?)‘%‘égf%i‘%‘lf eﬂ?ﬁ%’ai“?‘fgﬁ%a capqpical publization epplediivgiiale o

si ngl e but peonndliziied hebanishie inglie netfhgnystqpr atizagh ietvs Blofiai wsal ia dsilingéescpage of
| nf or Ml | Offelup ;nga st S, BLnfhdetlShe i AORCELICO SLALYS Of PNt er

consunmabl es evel ocune tion nenu top | evel
net page network Fbédiewﬁgf Sfﬁ@nsﬁhﬁ plitega pomens\phdids adviniising snoetprit b2 memual  on

how t o USepdbf'kﬁnd'ﬁe&r@fiﬁl@onSMSd «amg dlﬁaemd@&hmm The rh@ﬁdrﬁmcdﬁ%ﬁtulslﬂaf%&ddﬂz%@ t he
fol l owi ng funct cunent a_cl an copy of a

form print cc{rﬁ}c]meg 1'% rﬁ%d%r ¥ exghcdty %rﬁ? E‘p&‘f)‘ YRR RTCd A P’B?E\Iel theja Yeftis‘&‘ﬁ ed by
sinply pr essknid rehenlipad tcondisgid the lreder's boadihi andidesnograghivge  of the docunent. The

status of @1docugg,%R,A,_r|ng§&;Ag,§AW published it and when, to whomit was
delivered, and to whom and when it was subsequent | subm tted as a form

The net page net worsROSEHFEet GFY OmIP SiRds of Revsageses: thosaibey fiefae ecsipeblisitionsar chy  of
publ i cati o8 thad thaS@Livelr GOG ﬁeantshmnehmrﬂﬁbhcﬁﬁma&e a};gr@ataﬁﬁﬂcw&uedt hemsiser can
call the npﬁg%ﬁ)gge net work "900" u and sp alé to a human

oper at or . pETatorCan FOEERe £ rgr ged 11r‘“c’=‘:'%l @%ﬁﬁr py é’nséie talized news
aggregator. News publications typically correspond to traditional newspapers and newsmagazines,
while news streams can be many and varied: a “raw” news feed from a news service, a cartoon strip, a
freelance writer’s column, a friend’s 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 multiple news streams. By handling the aggregation and hence the
formatting of news streams selected directly by the reader, the server is able to place advertising on
pages over which it otherwise has no editorial control.

The subscriber builds a daily newspaper by selecting one or more contributing news
publications, and creating a personalized version of each. The resulting daily editions are printed and
bound together into a single newspaper. The various members of 2 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”,
“Technology”, 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”).
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route it to the user's printer. Depending on the docunent type, the

publ i sher or the user pays the small "yell ow pages"” service fee. The help
page is obviously unavailable if the printer is unable to print. In this
case the N PX022-SG 31 "error™ light is Iit and the user can request renote

di agnosi s over the network. 2 PERSONALIZED PUBLI CATI ON MODEL I n the
follow ng description, news is used as a canonical publication exanple to
illustrate personalization nechani sns,in the netpage system Although news
is often used in the limted sense of newspaper and newsnmagazi ne news, the
i ntended scope in the present context is wider. In the netpage system the
editorial content and the advertising content of a news publication are
personal i zed using different nechanisnms. The editorial content is
personal i zed ac&@rdtmyetion thheaderenterally spesifsiite isied. ithet anabiativalyde-& it ci t | y

capt ur ed i Réding itiofds, Of dukrical@c. AcVIRFit dnSis BnbeLs? Bhe8) land B REiFeS PRBAHIALE
according to the r ocaI|£l %{%ﬂ denographic. 2.1 EDI | AL

PERSONAL| z*i&’i“?’%ikﬁ‘gAe“E‘iiﬂ'éai‘PP‘ﬁg’ g 2§ 5> 1908 | PHECY (ehaPLSHPELs: t hose
t hat deliver newShgrediki adsatopt@ngly expasssts b hekendeliata lagl s oNdikr sticlsans. Wi l e

news publ Igaﬁamqmbe@ oPioAlOLANa! §£h§ﬂ %%Ja% I(JJ%dlteR)ULQ' tﬁhﬁ dpanlfRF STTeans

are aggregated el ther by a news T sher peci atlze
aggr egat orf"“ﬁé‘?/\%lpli?f}tﬁl}lﬁltfﬁfri?%ﬁs typl caI |y correspond to traditi onal

newspapers and HM&HﬁE&ZdyQ&S be vmm-nl @r aﬂw@ i QiHERATEre SRR} tb%aﬂsﬁmaé Apdieyaried: a
"raw' news fe Egal Qi? serv g‘rl‘{;%l $tdédsp freel ance witer's
col um, P eﬁa '°n° i T&E N 6 ?“‘Eeh SHBT 24 K &S EF FPPIOPHYEC net page
publ i cat i owrssaerlaﬁelpct@wprpohtgso thhe:aqmb#gecma reader ofn spgify @'tleadiemagePulithi wlat i ons as

vel | as thg. 2800898 BioRkicAWet | Pl € news streans. By handling the
aggregation and hence the  formatting of news streans sel ected directly by

the reader, the &<k apirleswdich gpke ypsach S%R?én el vdeted agdrrgionived Praifreaditreend whi ch it

ot her wi se daasis BSiged ia @il BletiiO BY Bfiul: tHeh Gre SEINEGEd o AR Feldddit dubG iRrfRIpkiytignews paper
nore cantributing news publications, and creating a

by sel ecti n% (glrﬂjeecpto PO B a,ﬁtsm_ﬂﬁ,subsc

personal i ze 7510 e'resarting daily editions are printed and
bound t oget her i htsectignsgihergftds ereipa by readdtpeny vetiopadiy snahle ddlelrosatipd fileridgous ehol d

typi cal ly Bxqs @&&p&ﬂ@kJmﬂc@b &E@Jﬁ%agum;@ﬁt@%g 1206, ER8L&S. QM:;}§&L1%§ b9

di fferent d il | i cation en custom zi hg them For each
publ i cati of,? bf’%’é‘g% sgers %‘ﬁ'ﬁ"?ﬁﬁh‘f&\l‘%ﬁ butrg plle eg‘b%fc,ﬂi‘eﬁﬁlf’lesgt’?tbi“%ﬂ%ca“%i‘?ée sections

appear dainleysy cindidel(@g. GlidedT md Sfigiair), mekeigligmoreltilelydiat ﬂegdesamt hofhiasto aMEthd abl e
from The Neyy.York Tinmes online, for exarrpl e, | ncI ude "Page One Pl us",
"National", "International", "Opinion", "Business", "Arts/Living",

" Technol ogy", angriiclgp gtk drigh priReities nd sHortalifatiniea e therelore] affaesively copeed i c to a
publ i cat i OfdsentdBreidingthl Be SBbAWAd are delivered to most relevant subscribers.

The reader optionally specifies a serendipity factor, either qualitatively (e.g. do or don’t
surprise me), or numerically. A high serendipity factor lowers the threshold used for matching during
collaborative filtering. A high factor makes it more likely that the corresponding section will be filled
to the reader’s specified capacity. A different serendipity factor can be specified for different days of
the week.

The reader also optionally specifies topics of particular interest within a section, and this
modifies the priorities assigned by the editors.

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

At a global level, the reader specifies how quantities, dates, times and monetary values are

localized. This involves specifying whether units are imperial or metric, a local timezone and time
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subset. The reader can extend the daily newspaper by creating custom
sections, each one drawing on any nunber of news streans. Custom sections
m ght be created for e-mail and friends' announcenents ("Personal"), or
for nonitoring news feeds for specific topics ("Alerts"” or "Cippings").
NPX022- SG 32 For each section, the reader optionally specifies its size,
either qualitatively (e.g. short, nedium or long), or nunerically (i.e
as alimt on its nunber of pages), ang the desired proportion of
advertising, either qualitatively (e.g. high, normal, |ow, none), or
nunerically (i.e. as a percentage). The reader also optionally expresses a
preference for a |large nunber of shorter articles or a small nunber of

| onger articles. Each article is ideally witten (or edited) in both short
and | ong fospavend plogdl pistshay. quwhetisr e lopabipasian congist af 11w teansietion erlaseetalien. wr i t t en
(or edi ted)“hehd'bréfbrfarfc&ra&%n%@ﬁ'&h @B feadeOs 1_6&11@I3yadmneXpect ed sophistication of

the reader, for e rovide children adul t s’ rsiQ The
appropriate ver griéééﬁg?csmsd 8F e esacc?'éSS# s fyc?s‘%%ﬁgherr Efeﬁpt‘%f’a]g'gg@ec‘ ha reader
can speci f glotal breemutierfyy algetr ptsengdtion. Hothglext prceghe pEecadadecotdiglyl addilek ogi cal

age. The apkifdiesis Wab&lodIBKE U sgach section are selected and prioritized
by the editors, and each is assigned a useful |ifetinme. By default they

are delivered to Thf lenpuagseirawhichst Bavs, pubkiseson s publishedy padyits eprrgeppnding fdtect t o
space conséncadidal 8 alpfbpér@&;f & REEABE il noOréfbrefds explebed BEhé QS HMARELCHEL 1S

appropri at he read tional | nabl coIIaboratlvefllterlng
This is thg a% R’ eco r%r eQF R ut%“ ﬁat\r/aémlagwsu Fereftty¥ 8ng 1ifetine.
Each arti ck& Whl MV@JQINQMG&IWONA@TPRQMG&U ve filtering is printed with

rating buttons atmf gasoamatfaﬁ dhe afibdisf Icsmenﬂagecawa&&@sth@ a&enlg %c&%m an easy
choice (e.g. "liked” and "disliked ), making it nore l1k réaders

wi || bot hePoors dupEsingrivyricaly Pk*?eé to eplojt dhe sditofipli Rt gTﬁa"E)‘raid% rf?ftei‘aé@leaﬁﬂ short
lifetimes aore likdteoedppaeinef faeltsbateh ;bmcaﬁhﬁzhde '€ valRsSamt ddabrial aﬁdhtnl aky the

editors anglvg{ls%r (?EJ there%ctrg % tI_Iie lqllgg {) hes} Va%q}ty 0 a\‘tg cg I[allrgg %Enil%elisa readers WI trhe

optionally specifies a sere |p| 'very (e.g. do or
don't  surpghi degogrephics.or nunerlcally A hlgh serendi pity factor Iomers t he

threshol d used f @d® 6hbdgnduriiRes of Qle! @E&Qro@tmcm&y fuhd ﬁéﬂc‘gﬂﬂncsAL&lal% factor
makes it n%rellkel%[&that the correspondin tion wll filled to the

reader's sPECFEPFSICUERAC R FFeranes s eat’i‘ Pﬁﬁ“f‘ky"fma‘ﬁrfsé*r and fyng5ias
speci fi ed #sopciagd itietheltal chapgminf and trlveonne@kDembpephie ddethina kS eralGfutiesdinad | y

specifies ﬁrQoQi:u%z?tioQJas%Msiliﬁéﬁlﬁgndw}xﬁéﬁét wthin a section, and this

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

In the netpage system, the netpage publication server computes the approximate multi-
dimensional size of a publication’s salcable advertising space on a per-section basis, taking into
account the publication’s geographic coverage, the section’s readership, the size of each reader’s
section edition, each reader’s advertising proportion, and each reader’s demographic.

In comparison with other media, the netpage system allows the advertising space fo be
defined in greater detail, and allows smaller pieces of it to be sold separately. It therefore allows it to
be sold at closer to its true value.

TFor example, the same advertising “slot” can be sold in varying proportions to several
advertisers, with individual 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.
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nodifies the priorities assigned by the editors. The speed of the reader’'s
I nternet connection affects the quality at which i mages can be delivered.
The reader optionally specifies a preference for fewer inmges or smaller

i mges or both. If the nunber or size of images is not reduced, then

i mges may be delivered at |lower quality (i.e. at |ower resolution or with
greater conpression). At a global level, the reader specifies how
quantities, dates, tines and nonetary syal ues are |ocalized. This involves
speci fying whether units are inperial or nmetric, a local tinmezone and tine
NPX022- SG 33 format, and a |ocal currency, and whether the | ocalization
consist of in situ translation or annotation. These preferences are
derived fromthe reader's locality by default. To reduce reading
difficulties cauBeud spyerodivatioyanilesplization age handlsd atongsficallobyaicipsee ppfdiedtibh es a

gl obal pr effe%l@rkﬁleadff@ﬁsu@ b AEGRF A RSRR aAithAn- br&atchvet«a@abf 89 o doPBAS Sndr €

scal ed accordin | ess rmption s accommodat ed.on_each page. The
| anguage |‘%"\Rﬂf‘pgﬁ¥é{ hﬂ%\%seq'ﬁﬁttﬁjfsﬁ%gﬁ‘??%ﬂ’s PG BPPER 4 P 2ugmafe; T pasps Ny ndi ng
text encodstrefectivesfoapublishge totdgal efith bdvertipngrggregatorsgimnandirentytcapurp adstredignc e
expressed Ry, i ha ed to
provi de autoﬁatlg“%?%ﬁg{g¥§%ﬁ£%%?V|cggﬁ%ﬁagg}?%ﬁﬁﬁﬂkggamgaEﬁg&%E%%hTISING
LOCAL| ZAT| foyd th\phargsreopttnpgaiTbrsausre pis b greptoraetiivmesy pf %glﬂf@gaéen tibe jadiertisignt ent
directly adgh@gios aEtEIQs afl wekhdiBhyNG AN L@ Blisers LS GaMSIRrsAaH4Shdyi 1Sdch Ghel simd YPi cal |y
pl aced to expl oi t.1 ulte [ Lor |ual context. Travel ads, for exanple, are nore
likely to Bppear i a traver*S®ction than el sewhere. The val ue of the

edi tori al cont enttitwprthmnoting thatewd plagegent (raave tredvepgicgive cande tbe cpuidxitiwhed ) | i es
in its abilidtyent @ fubi@Ghon! s%raaﬁonmm%ﬁpan%c&&%eguﬁhc%m alivafising %pgéet

denogr aphi'cs. Effective advertising is placed on basis of ['ocality and
denogr aphi 8IS 8k Vhilp egdtedraith é@npﬁﬁ"tﬁ‘iﬁ %nfsyﬂ%ﬂans&amn@me&w@ afvprtisiag |
retailers @E@gatorsaﬂd HBlkshdrg mtlealfrefbrrw&ms&fsmaﬂdpag@ BBRHNGoviRS Sk aatomdtedm th the
| ocal connunlty a envi r onment term ne neral interests
and preocclpat onialsese eI md'fd“ﬁeﬁu@l%g gfg’ha‘%"mg‘*% aPFErhe 9%61%8”\1/558" 5Ubl i sher' s
most pr of i Awdsagion FSo@U@FiaﬂstﬂaWErﬁOI the ripcémepin ofeddvertisenyeritst phichi aneratp cmdl entity

determ nedantwm;J}%c&hmdcmrsmmr&g&%%@mu&ngaﬁe%age the size of its
readership, its rea ﬁés i ics, an area avail abl e for

P e
advertising. In Fages Effr%feé?ﬁagf‘ﬁlée %@f%&@g&apmfm oS BrPILERsHRT conput es
t he appr oxdnn&t:@dsrméda netpghie A §eBieD Gaies@mmlpihe aubtishat decads ihd Ad Slacs@ént abhe

ad t nt
adver | i ng spAGS, a0 o bl SEREIRaDRS e BiiDR01 U8, BEERUDL, LA,

1 Ehh
publication's I C coverage, reader ship, the size of
each r eaddiersgnalized publication, it picks the relevant advertlsements from the netpage ad server.

23 UsSER PROFILES
2.31 Information Filtering
The personalization of news and other publications relies on an assortment of user-specific

profile information, including:

. publication customizations

. collaborative filtering vectors
. contact details

. presentation preferences

The customization of a publication is typically publication-specific, and so the
customization information is maintained by the relevant netpage publication server,

A collaborative filtering vector consists of the user’s ratings of a number of news items. It
is used 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 particuiar

publication, there are two reasons why it is more practical to maintain a separate vector for each
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section edition, each reader's advertising proportion, and each reader's
denographic. In conparison with other nedia, the netpage systemallows the
advertising space to be defined in greater detail, and allows snaller
pieces of it to be sold separately. It therefore allows it to be sold at
closer to its true value. For exanple, the sane advertising "slot" can be
sold in varying proportions to several advertisers, wth individual
readers' pages randomy receiving the gdverti senent of one advertiser or
anot her, overall preserving the proportion of space sold to each
advertiser. The netpage systemall ows advertising to be linked directly to
detailed product information and online purchasing. It therefore raises
the intrinsic value of the advertising space. NPX022-SG 34 Because

per sonal i zBRvligHom el ip diksly sabd BRreaverlap dntieadthe tectprrael whictibershiy tretepage

publ i cat i opubliGesMBMDetwadd t&de/&rshus&ib&g t&@ﬁ&gﬁkmau&@%m PittiSBort Biledygr i |y

broad covera of both raphi.cs. The subse uent

di saggr egat 1" gﬁ) RrEeg it % (?% hr?%&éu@%"?gtveftgmg £t vatuerf ‘LSL'I’ tode npre
cost - ef f ectordelstwerepUiilabositier Sltetie vdeab araihthiosdise mhm@mﬂgnymgeiagamap@e than to
directly caphiili& agyertising. Even though the advertising aggregator is
taking a proportion of advertising revenue, publishers may find the change

profit-neutral b&ewsdetls. padipg aanee piregt fddeshse 7R Code, slgigr wyaDh éRiephoThe
adverti si NGmbag Gre@dil 6Y nahid, Sndafe ndihtaindd BY SRGER FisRRILNRERY, advertl sers and

publishers, and vertisenent I ti ubli cations.
It is worth noti ﬁpéexetuﬁ{l%n : r?fgre’}cescéngd g‘ﬁse i%h%'faﬂté{‘ﬁ% dﬁtuson%ctﬁ‘fe -gf° B‘?W’Sf)e nor e
conpl ex thavbab?@dmplhtale@nemsamnwmhe publication's traditional counterpart,

because the publ 'TE@lBéaﬁﬂnén @%%ng%mg oP MR EulityindiddRRl & t&%@ls AR
ignoring the ful conp exities of negotiations between advertisers,

adverti si nge g{jdﬁ’%"@%ﬁ d pdvertisipe 15ligs o Ryopa infqrpgtiop pugh %‘rdla‘éﬂf?”é‘% g6t B35l net page
syst em pr ostingdgiscome peotatiépemtatch, osujlinaivd defiakivds ARE & 0€G0E bﬂtmcﬁms;angencl udi ng
support for autopnted ns of advertisin tomation IS
particul arl des??“gs gs%r%twh I?oos'el t%éeg?rae 0 lﬁde ?Osreaflre P8 PR Gener at e
smal | armlﬂ}‘/?t@“m isj peigpiped Bybh rd@fa@mmhgeoqeglmamﬂ Vrﬂeodalﬂiez@dmaﬁjvfamw senent s.
Once pl acemaﬁan&aaddaﬁaﬁg D8O tat @£k tht PRIsIOAE AGHAPC ARcHEE SRR yPi S the
adverti serrflg Ignd records it on a netpage ad server. Correspondingly, the
publ i sher &t 1M ad pl acement on the relevant netpage publication
server. \Wen t heEmbtugagen,puibki, emlitadem evidee andl a@plﬁzatmuhs RagBd S Wique

per sonal i zgd;Ruyb) h?h@rnk I nents, fromthe
et page. ad oumyapl 68bBMe ol B il e R Y BB TR b

per sonal i ZE8¥8rtlof? ﬁ%\ﬂﬂd Hn forgegidetioyyrpEa 13 R?h‘@hqfeﬂ # wCI@MrPf améleﬁﬂmrent of
user - speci fgrbvider, and a publication is a special kind of application.

Each user 800 may be authorized to use any number of printers 802, and each printer may
allow any number of users to use it. Each user has a single default printer (at 66), to which periodical
publications are delivered by default, whilst pages printed on demand are delivered to the printer
through which the user is interacting. The server keeps track of which publishers a user has authorized
to print to the user’s default printer. A publisher does not record the ID of any particular printer, but
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.
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profile information, including: publication custom zations collaborative
filtering vectors contact details presentation preferences The

custom zation of a publication is typically publication-specific, and so
the custom zation information is nmaintained by the rel evant net page
publication server. A collaborative filtering vector consists of the user's
rati ngs of a nunber of news itens. It is used to correlate different
users' interests for the purposes of mgking reconmendati ons. Although
there are benefits to maintaining a single collaborative filtering vector

i ndependently of any particular publication, there are two reasons why it
is nore practical to maintain a separate vector for each N PX022-S G 35
publication: there is likely to be nore overlap between the vectors of
subscribers to tﬁewgta‘iﬁi@mabﬂ%l%het fuiarized rpripeengeisricnlrasigags ferigerballewinper s to
di fferent pubpdgesadi Qd'l‘;ﬁige @EnAts PRl Wb trdwBE Yo HeQonv¥yadatly %rﬁlteﬁ Lesent its
users' col ‘!haboratl ve |tering vectors as part of the value of its brand,
not to be eﬁrﬁﬂn%ni’a%%%e . Collaborative filtering vectors are therefore
al so mai nt al ned Bie tcipegerspdtavan tollaet qpagelf ofalfriritet piovide, fo6 haderommGsints aa t
details, i ﬂ&:ln{'édéaﬁgl MB] plﬁ;LJaﬁcﬁJE pﬂzqgf 5o the pébﬁ dr terssélﬂfl ?rlcorﬁe &EtlﬂcYud

t el ephone nunbers, are glo by nature, are mal ntal ned net page
regi st rat | SherdEne e, Cllﬁ'fé@%ﬂli‘tf%ﬁl oRmpPEs @P’é’f‘?é‘é@ and frgpspripthest ﬁé‘?@“ﬁ*efrls

quant i ti esewnddbyetbe 36 thdnithbRiSer isde@ribtbrp@iase gl obal and rral nt al ned in the
same way. The | o al Ize?"tfs ﬂas?;f advertl H@q” Iles on th %g%( |£\d| cated
in the user's contact &l &F L PERATPE" Ry EES Wdccwuﬁﬁ%cﬁ f§%relies
on per sona¢reditﬂtse¢hrmtﬂn0@mdesmtﬂ iashedatcedinyf pabiglrapﬂd,, cogleridetrils g rindging nateat us,

i ncone, pr@%&%@f@?t@ﬂé‘ﬁﬁ%&? %lonrpre%'rlﬁLés %?é ﬁn\fﬁdjggeﬁrl\%(@t de}{%ﬁl a%!ilfolaTli@élo ge range

and income range. For those users who choose tq reveal persona ormation
for adver t’fe?f]ﬁ’g BuPPPSes PeRerc rpdt At icotairiee HaiHid medebyierte BB evant

net page r efjigabiintsi® BicSe handvriting nnoaélambﬁ&nmeal@fmammiad by MHeO%:413; 1a8d) SET
advertisin on the basis t graphi c associated with
t he user’ s&y%%gcapﬁc %ﬁg%ﬁ&qﬁ e ac erce?ampésrfane]ber’?an? er, application

provi der ah&ZappFavaitesddsti s assi gned its own unique i dentifier, and the

net page regl strabl tﬁ@ag%%geygafn nmmt @hsm@zzt el Ghat | mmlu@e%ultas&m&té begm as
shown in gures or registration Furposes a publi sher

is a speci tﬁ? %a%ed“efﬁ’fmkaaﬁq ]i‘S{: ﬁt“?aﬁlﬁ‘me‘b}’%@f’ Harm 08??3 user's GpPi-dar icansed 252 speci al

ki nd of apipérarctgtof Giders 924, a preferrred embodiment of which is shown in the class diagram in Figure
41.
233 History List
The system mainfains a history list 929 on each user’s behalf, containing links to

documents etc. accessed by the user through the netpage system. It is organized as a date-ordered list,
a preferred embodiment of which is shown in the class diagram in Figure 42.
24 INTELLIGENT PAGE LAYOUT

The netpage publication server automatically lays out the pages of each user’s
personalized publication on a section-by-section basis. Since most advertisements are in the form of
pre-formatted rectangles, they are placed on the page before the editorial content.

The advertising ratio for a section can be achieved with wildly varying advertising ratios
on individual pages within the section, and the ad layout algorithm exploits this. The algorithm is
configured to attempt to co-locate closely tied editorial and advertising content, such as placing ads
for roofing material specifically within the publication because of a special feature on do-it-yourseif
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.
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Each user 800 may be authorized to use any nunber of printers 802, and each
printer may allow any nunber of users to use it. Each user has a single
default printer (at 66), to which periodical publications are delivered by
defaul t, whilst pages printed on demand are delivered to the printer

t hrough which the user is interacting. The server keeps track of which
publ i shers a user has authorized to print to the user's default printer. A
publ i sher does not record the ID of amy particular printer, but instead
resolves the ID when it is required. Wien 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 tinme by the user. Each user nay
have several pendhgetire dseessainghuing thessclogior pf 4de andgheaselsitioglobeditg@al conteftt, a user
i's authoriggdbd lﬂerdtbﬁ%n@ mwomqm nvdidch, W Bfempd b §lrelcRAlly RELRUR userls@GRGNT ZES
any of the user' ens. en, It)és used to | ocate the correspondi ng user

profile mai°Ht°4® lﬁeeﬂ Byog 8?319 P IPRPeeUE SRR P8 frighed SRR BFT i o t he
DNS i n t heallegingbignifivynt diyRX022aBGB6 A Web terninal 809 can be authorized to

print on ayparti g Rgge printer, allowing Wb pages and netpage
docunent s encount g%@f"@ﬁ?l ng Wb brovv5| ng to be conveniently printed on

the nearest net p&ge Gsrdopnments 1if eutrite praeried By efficiont dawbutiol andesrsistenritopghal f of a
printer pr&MmQﬁﬁqxﬁaQ&kand conn155|ons on incone earned through
publications printed on t der's printers. Such_ incone can, |nclude
adverti sing fees%%ﬁ"?ni‘f’ﬁy? ‘f“i?gyg’f‘i‘e gLy s é’})ém‘?ﬂc‘g IR CSPIHE fo 8 yigete

transact i owerfseglgion lafid infoemavion slitaced bmeenommb yrst figiionss Ghe sﬁehﬂd"lmfolﬁﬁmmer is
the print efo, Qoo @a&hn%ssﬁ;red%f dl% RS 8‘%139%[2 BAGLRGE %@ﬁ% Aho his

used to accunul ate 'nicro-debits an such as t ose ed in
t he precedichty: Payding irmger) srerbishpadgrecsof 65 s 815, i ncl udi ng nane, address and

t el ephone nunber & exgbighdonpiehBEOAGRS &l Bpredei6d il th Eﬂex@ibie\nﬁﬂdlp Légldgyery and

| ocal i zat i settin u of Dbi tyd.c records 817, cont aining the
user's enc@@“‘d ST %lhat%ts’j'Ererésabgpy %ﬁesgbe?iﬁng?aﬁ %}38’%‘ RIPYAIeS Rrepise Y O R d™hodel 819
aut onat i caﬂom}atmamdtmmdq@ﬁ df yhe trépmn St tvbinhy the redlt iSESing qgaymlemm toiarae adeiogint s 821

wi th whi chprgw&@w&ﬁyoqayrﬁ@&§§ob9£pcoh§mm$ddea - Fav .t & le!ng Imaf NEt page
user can naintain a |1 st of favorites" - 11 nl%s to use ocunent s

etc. on tFEsiHiepsatb ﬁ‘@?%\kﬂ?@@mﬁ?ﬁlﬁmﬂoﬂd“ﬁgpﬁﬁ‘%{lmgby the systemon the
user's behal f. | #niiBagebfesnbmedts &rSmﬁge mlﬂ&rmﬁchyooaizavélalbdsed Sonfdedsed anap¢ ef errr ed

enbodi nentfoRrIat mlra%ﬁc 5bjec§e AN a.I v4b) grapElc S%ﬁéble%eatg rg;}hkcg(slifl(:gyrﬁgatdfl
The layout itself consists of a series of placed image and graphic objects, linked textflow
objects through which text objects flow, hyperlinks and input fields as described above, and
watermark regions. These layout objects are summarized in Table 3. The layout uses a compact

format suitable for efficient distribution and storage.
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2.3.3 History List The systemmaintains a history list 929 on each user's
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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 scparated 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, cach 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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An i mage object encodes an inmage in the JPEG 2000 wavel et - based conpressed
i mage format. A graphic object encodes a 2D graphic in Scal abl e Vect or
Graphics (SVG format. The | ayout itself consists of a series of placed

i mmge and graphic objects, linked textflow objects through which text
objects flow, hyperlinks and input fields as described above, and

wat ermark regions. These | ayout objects are summarized in Table 3. The

| ayout uses a conpact format suitabl ggfor efficient distribution and
storage. NPX022-SG 38 Table 3 - netpage | ayout objects Layout
AttributeFormat of objectlinked object InmagePosition |Inmage object |DPEG
2000 G aphi cPosition G aphic object 1DSVG Textfl owTextfl ow | D Zone Opti onal
text object |IDXM./XSL Hyperlinkype Zone Application ID, etc. FieldType
Meani ng Zo¥e'*8at er mar kone 2. 6 DOCUMENT DI STRI BUTI ON As descri bed above, for

purposes of effi ©h@ntpridicSHak teBdiel QN h8 BE}edRab Shidh B YagShRLR SOk frid@r RET Page
network, a user-ﬁ@ecu%%c page Igrout I's separated fromthe shared objects
to which i FeAePefrlyPorEhRPtnd bEt i sttt dt i on is ready to be

di stributed, theUnétpaga dqroidsiacad, itterprister piars pagel @t @, thav dalnbd betivdaall p of t he

net page | DAs%Mg‘% qtgager of ekl 'pgg'é ) Jo%rédo\(ritheiﬁlgé%s, Qﬁega%erag%apg&s ﬂ.ap; rsi%‘an&E‘lcﬁss thgrg)current ’
and docunent 1nstance.
400KB. The printer can therefore hold in excess of 100 such pages in its internal 64MB memory,

allowing for temporary buffers etc. The printer prints at a rate of one page per second. This is
equivalent to 400KB or about 3Mbit of page data per second, which is similar to the highest expected
rate of page data delivery over a broadband network.

Even under abnormal circumstances, such as when the printer runs out of paper, it is likely
that the user will be able to replenish the paper supply before the printer’s 100-page internal storage
capacity is exhausted.

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

Once a document is printed, a printer can produce an exact duplicate at any time by
retrieving its page layouts and contents from the relevant page server.

2.7 ON-DEMAND DOCUMENTS

‘When a netpage document is requested on demand, it can be personalized and delivered in
much the same way as a periodical. However, since there is no shared content, delivery is made
directly 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 speciatl instance of a netpage publication server. The netpage formatting
server has knowledge of various Internet document formats, including Adobe’s Portable Document
Format (PDI), and Hypertext Markup Language (HTML). In the case of IITML, 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 direcily 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

Inowledge of different document formats from both the netpage printer and the neipage page server,
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The server conputes a set of optimzed subsets of the shared content and
creates a nulticast channel for each subset, and then tags each
user-specific layout with the names of the nulticast channels which wll
carry the shared content used by that |ayout. The server then pointcasts
each user's layouts to that user's printer via the appropriate page server,
and when the pointcasting is conplete, nmulticasts the shared content on
the specified channels. After receiving its pointcast, each page server
and printer subscribes to the nulticast channels specified in the page

| ayouts. During the multicasts, each page server and printer extracts from
the nmulticast streans those objects referred to by its page |ayouts. The
page servers persistent|ly archive the received page |ayouts and shared
NPX022- SG %Y hidgtlpatpdee Eﬁ%éle'aagﬁﬁlrswéwm%@ ssegei ved al | the objects to which
its page | a&youtssSeedreny, the printer re- creates the fully-popul ated | ayout
and then ragteri ints it. Under normal circunstances, the printer
prints paggz fas?@?mgﬁgua?hey can be delivered. Assumng a quarter of each
page is covered WwWorirziaphadrased to breteci vasidiganfpragdnliath iastgigz endfi trhrsig andthan
400KB.  Theaehtht parfed b £ REHEHR Berd Ak €vd c'ilasﬁg(&%ﬁrgt& fph}g'nowﬁés! Elgeggémf- nits

iMeHmIGMBrmmNX, all ow ng for tenporary efs etc. printer
prints at Sr GYRCEEPYoAM BuRlEkiye FryrtediY . Thenpdipapss netweri Wy beth dlasses06KB or
about 3Mi trymedgraplge dat a per second, which is simlar to the highest

expected rate o L | iver ver a broadband network. Even under
abnor nal circuns%g%%ggfggﬁgﬁgigso‘g%m?ﬁgsﬂpFﬁ 8?”??%%*%HFE%F“H§ B it is
likely thaevptaed gecsipt ainiessadse T basties ovishing |ie prickAngd hessagepaust Swipgiaygebef or e t he
printer’'s &OQdpasRnd-MQnakeySt Orage capacity is exhausted. However, if the
printer's intern?IlngnDr&ﬁdo%$ fill up, then the printer will be unable to
make use of a muft9PEs%; © appy. 150, gqferigd g s, aSYREStie CERGE AR PICE 4F9 on
server t hemefwive kak.| Twsvogeysnitenshembi@alyirkinid inls@t UeSY thaf @Y mEsapBblchpbGASt S.
When a crifd .S 4 S ived.or ti.meout .. occurs, the
server re-%%%?#?%gggé%ﬁgg8%5@%%%%%&%H8%§%§#§§‘% ecrs. n@@“%“%d%ﬂﬁent is
printed, abpthesisdertpayitepkhsaurlie keyris wedie enceirpriny massese dttendadyorthermplddryf the

retrievi Ngprivhis kyagRe kysPldll Ssird ikt RBRLEY) b Snelsh Rt 6 ve QL EHRBLiRABE S/ VEr . 2.7
ON- DEMAND en a n Hgagg docunent. i s r&ﬁuested on demand, it can

DOCLIVENTS, \Wh

be personaliz eg/SEtgﬂ G H8 I e SHIERAEeH B RORY St WA A& SXahape 4 Serdet &sit
However, sToreeurd thethe prisstaioy Shenedit & omneinfor thali@ldew aithe prisataiigl @ gesbirdtemé | y t 0
the requesglpg printer wthout the use of nulticast. Wien a non-net page

docunent is requested on demand, it is not personalized, and it is
Public-key cryptography can be used to create a digital signature. The holder of the private

key can create a known hash of a message and then encrypt the hash using the private key. Anyone
can then verify that the encrypted hash constitutes the “signature” of the holder of the private key with
respect to that particular message by decrypting the 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
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delivered via a designated netpage formatting server which reformats it as
a net page docunent. A netpage formatting 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 nmake use of the higher resolution of the printed page to present Wb
pages in a nulti-colum format, with g;table of contents. It can
automatically include all Wb pages directly linked to the requested page.
The user can tune this behavior via a preference. The netpage formatting
server naekes standard netpage behavior, including interactivity and

persi stence, available on any Internet docunent, no matter what its origin
and f or mat signpturehind g scerghosklanRysecd sediidnfkeyseYeeretckor ervmosrapinois pad &r &l aer bot h t he
net page prhmiesds. and the net page page server, N PX022-SG 40 and hi des

know edge of the netp ystem from Wb servers. 3 SECURITY 3.1
CRYPTOGRAPHY Crypt @‘EW% IsCRsieRy ¥iim grigreRse s @adfsior P9 decris HRIRESIBIE bot h i n
st or age anilformmtibn lzm&mt 3 nyagk gridter @dtaRandr) at @uBrthpres id Bat shetprataSdaink ON.

There are despr cret.- key

crypt ogr ap %‘@5\%%@%&%?&&0 th(ﬂ?eﬁty &s}?’%{v@ﬁ?%mﬁc@ tc\t,\ﬁﬁ] eﬁl%c;gea%thgg% eu'E;e%V\ghl’ Ebdlg éceg( bot h

cl asses ofexc@ﬁgﬂd@bg?%wwlﬁc%@r%fmw secrrgtmswﬂe@pwh ﬂfalswf,rae(ﬂ ter eds the  as
SYMMBL I'i C GEVREBOH BENY encHPOilic nbk6noS ML AKBYioh Rey, BNEEN RN, AR Had 8 h¥ibritd
message. ¥ E%I’tl es w shing to exchange nessages nust first arrange to
securely € T the secret key. Public-key cryptography, also referred to
as asymet3.2c cr Wptrage BRNIER SEsem™ wo  encryption keys. The two keys are

mat hematically r Pty ing one
key can only be gllec??l t EV usFs%sggtn%\?ypahﬁg%m@wde&%é%Q%E%E%é%%%gg hl:éé t hen
publ i shed, aerpdin fqaﬁé‘ﬂb’flﬁ@"y Wéhel?é’ﬁf?fab?m\ﬂ’aﬂépagqﬁélstﬁﬂ‘m spreeer GafgbasesThedied| t o

encr ypt Snm VES g@%e aﬂdnﬁ}b]ﬂ@éﬂﬁﬂeﬁtlﬁés thd\RinlRObIES neqa‘agetﬂlaﬁmf)wmaevs%ed hﬁié seckdnCe ]
encrypted using .the publjc ssa n only be decrypted using the
private ke§ "%rq“'her’[ m%pmgr’fgréxé%sgeﬁqu’g% g“ém/rﬁexchange nessages W thout first
having to exchan@élelathsecmetcowe«ys to theonepagsunesvotkhfar the Fist (e afiart iestdlletionj is secur e,
it is nor nglach ngg;aaﬁe pbalcﬁaﬁvateqa‘ey lsal;}en REAMRLR KEY &d%?@&@k& sty Mé/ pa'r

Publ i c-key cry sg can be used to create a di nat ur e.
hol der of ‘E"‘H’égeﬁ?ﬁl aljoa Ser??éﬂ"cﬁﬁ*@%‘%@ﬂ& Seeffd HheeRias ﬁ‘e B‘i’mﬁsﬁ“é@é@g‘@mﬁ’ﬁ‘ﬂ then
encrypt the it askbamsarﬂgcdeﬁethprregmaﬁsn kfane. IDARMOR @t thedsicalc e sipay 4 Eeniflchiat t he

encrypted fRgiing AShiddt GRokD aff HBRAL Wiebrd k! M NOLIGE Blinkili®iPhl vaLe ey

registration database.

The netpage registration server acts as a certificate authority for netpage printers, since it
has access to secret information allowing it to verify printer identity.

‘When a user subscribes to a publication, a record is created in the netpage registration
server database authorizing the publisher to print the publication to the user’s default printer or a
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.
3.3 NETPAGE PEN SECURITY

Each netpage pen is assigned a unique identifier at time of manufacture which is stored in

read-only memory in the pen and in the netpage registration server database. The pen ID 61 uniquely
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respect to that particul ar nessage by decrypting the encrypted hash using
the public key and verifying the hash against the nessage. |If the
signature is appended to the nessage, then the recipient of the nessage
can verify both that the nessage is genuine and that it has not been
altered in transit. To nake public-key cryptography work, there has to be a
way to distribute public keys which prevents inpersonation. This is
normal | y done using certificates and cgrtificate authorities. A
certificate authority is a trusted third party which authenticates the
connection between a public key and soneone's identity. The certificate
authority verifies the person's identity by examning identity docunents,
and then creates and signs a digital certificate containing the person's
i dentity déentifigsgheppron hamipies i@k Anyone who trusts the certificate

authority can use {ep@ocpellohC k& dmnﬁbb}eofql%égefphﬁ@fg eﬂn&"htphntél' cab MGBwedggr ee of
certainty t enui ne, The¥f+ust have. to verlf gegt t he cert| ficate

has i ndeed” ‘H@gﬁfpeélf B oBRmupies P £ PRI 31 8 r"ﬁl?tff‘?f%‘}efmty)?‘ BeptBF R key s
wel | - knownranderpf mhegtrintr. &nsacpancnd g penegndsl, thpubhilely leesharge yptiagkegphy 1S

only used etk $endﬁaggr§g§'dlgh51€3&0£%ﬁe%nﬁe lhesas analiLe ﬁl@aﬁgﬂc@%g%gggﬁ,@' y

exchange secret session Secret-ke eiﬁl){ ogr ap I's u all ot her
pur poses. ?PHIOP‘P?@SF%W’EMI?@%EH@@HWM%H C@F'Ierence is made to the secure

translrr: SSIhOI’l of mﬁﬁﬁ&%*ﬁmnb@twﬁe&yﬁ%&wttm& ﬁekdﬂ%?ﬁn@é?@@n@@ﬁr}!@?, what
actual ly ha that the printer .obtains _t server rtificate,
aut hent i ca (ggs PSR £ tha P E! BACEPES e Ry pep 47 ﬁlehaéetﬁ it F"tt&“‘telfg’é@et he
publ i c keycap@wichangen key, ardwitl fregetaesetsioh kayah e lehsdreesndiremdmsiaif s@esey. sessi on
key with the sermnaa&dm;ﬂtg%msr%fg fohg{mn%&%eeﬁenwa{ngpd&% ebwetﬁeﬁl ypt the

nmessage data. A sessjon detinition, can have an arbitrari short
lifetime. oY eprbadthery EF?W@E@(WW@E% Prins dpagaesyeterdt s ?“§P°a%’§‘i’ gned a
pair of unknqwmelpdemns fnlgﬁﬂ’tﬁ fai exbrhy1® b&huseME i dEIbEE & IBdrGlo isddgRtefei @ RE 1 N

read-only print and _.in o net.page.re i stration.server
dat abase. ge élfr%?] eréiman?[ uBPY & p‘gﬁif’es}hél T B e SROPHE B i nt er on
t he net pagegisetiggmrdecdulEhis thg e@@%eﬁn’lt Deanstomtéftpen,ahm ltlasreﬁt;swetu thefenrto ighae pri nt er

is first regiibhegas p&eedtmcha@&g@fpkat wi{}&ﬁﬂnetlhﬁuﬂésltﬁ&tré‘gﬁsuafaﬂﬁ.%&héet o the

net page network for t time after installatjon creates a
si gnature public/ ?‘H%Dtt%“ﬁé%‘% icJD; the pep ponjaing  ssiet kev-pirbangey-die kepyexhienes he
publ i ¢ keykesec tiketeyorded i hie ne@@ep@ﬁaﬂicag!eﬁérrcﬁtab@ﬂ atsmd/&rmaniﬁla&urse]img

compar es tQay 386! 6 ohl; oot 3% R RREY R RERIRL il HEOLAT o b0 1L
dat abase, a accep reg Stration fhe pfl &n CF eat es
and signs lﬁtpé@r"?ﬁ‘qﬁ‘lﬂféatsef"erc&?tsmfﬂ igPRgraten @ S@Pipthkﬁ'é rf*'Jlfsthﬁ]olm'l}ilFﬁlr and| ron gorvete, pebl i c
si gnat ure d@yely @dnshi6 RS od NG tdiBY frinfel. &AM trhdimit ¥opy 8 Sdsbid kP bhcHpt@base.
with the pen’s key-exchange key. The printer stores the session key internally, indexed by the pen ID,
and transmits the encrypted session key to the pen. The pen stores the session key internally, indexed
by the printer ID.
Although a fake pen can impersonate a pen in the pen registration protocol, only a real pen
can decrypt the session key transmitied by the printer,
‘When a previously unregistered pen is first registered, it is of limited use untl it is linked
to a user. A registered but “un-owned” pen is only allowed to be used o requesi 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 fo an existing user.
. The pen uses secret-key rather than public-key encryption because of hardware
performance constraints in the pen.

3.4 SECURE DOGUMENTS

The netpage system supports the delivery of secure documents such as tickets and
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The netpage registration server acts as a certificate authority for netpage
printers, since it has access to secret information allowing it to verify
printer identity. Wen a user subscribes to a publication, a record is
created in the netpage registration server database authorizing the
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 isssigned by the publisher using the
publisher's private signature key. The page server verifies, via the

regi stration database, that the publisher is authorized to deliver the
publication to the specified user. The page server verifies the signature
usi ng the publisher public key, obtained fromthe publisher's
certlflcatemgPéﬁ@HH?ﬁ%?Hem?éﬁ@@?Pé?ﬂﬁﬁ”ﬂﬁvdﬁﬁ§@ﬂ$1ﬁewﬁé¥%é@§>We@w§ﬁration
Server accCeph publitheid @64 sre buitatelohthprided tThOGibBINE IR dagiksl 20MA&ritE @ plif@acAati@base, so

| ong as tgﬁ‘sﬂg@(}ﬁ%é Ectl_@ﬁnx{teﬁnista{)l{e O%ché{lhcata pen registered to the printer.

3. 3 NETPA ac page pén’is assigned a unlque identifier
at tinme of manuf d&t Uweterwiike fprinngs progeesd ujem anr diguhaton| ditheremairiy in rspecifed pen and
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whenever i FhrJu%hMéﬁJﬁleE‘ mliange of the printer. Once a pen and printer are
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usi ng the otamga@pgnuﬁq&tmﬁalb%eigeg,bmdlgyg(;rhglmemk is never transmtted in the
clear. A pen stores sess(iog key for every printer it knows, indexed by
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doesn' t, tbvemqueting it tdhmtiethe tivel vt Themtiie [Pefia secegidsdumertt isomlyprlbcedtie e. | f
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ignore it until th en is placed |nacEardg tirme

;
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sense. They simply provide a significant obstacle to casual forgery. Online document verification,
particularly using a verification pen, provides an added level of security where it is needed, but is still
not entirely immune to forgeries.
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
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registration, the pen transmts its pen IDto the printer, and the printer
transmts the pen IDto the netpage registration 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 transmts a copy of the
session key encrypted wth the pen's key-exchange key. The printer stores
the session key internally, indexed by the pen ID, and transmts the
encrypted session key to the pen. The  gen stores the session key
internally, indexed by the printer ID. Athough a fake pen can inpersonate
a pen in the pen registration protocol, only a real pen can decrypt the
session key transmtted by the printer. Wien a previously unregi stered pen

is first registered, it is of limted use until it is linked to a user. A
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2.
sensor into the pen, although at a higher cost. The type of biometric used only affects the capture of
the biomeiric, not the authorization aspects of the system.
The first step to being able to make SET payments is to register the user’s biometric with
the netpage registration server. This is done in a controlled environment, for example a bank, where
the biometric can be captured at the same time as the user’s identity is verified. The biometric is
captured and stored in the registration database, linked to the user’s record. The user’s photograph is
also optionally captured 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 eventnally supplies the biometric to complete a 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 transaction.
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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 .lifetime of the docunment, 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 on verification failure, to support
easy point-of-presentation docunent vegiification. 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
docunent verification, particularly using a verification pen, provides an
added | evel of security where it is needed, but is still not entirely
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SET PAYNE“E-_O% a pre-printed catalog page to the user’s virtual “shopping cart”. To protect the user’s privacy,
however, the unique user ID 60 known to the netpage system is not divuiged to applications. This is to
prevent different application providers from easily correlating independently accumulated behavioral
data.

The netpage registration server instead maintains an anonymous relationship between a
user and an application via a unique alias ID 63, as shown in Figure 24. Whenever the user activates a
hyperlink tagged with the “registered™ atiribute, the netpage page server asks the netpage registration
server to translate the associated application ID 64, together with the pen ID 61, into an alias ID 65.
The alias ID is then submitted to the hyperlink’s application.

The application maintains 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 privaie 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.
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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, althgugh at a higher cost. The type of
bionetric used only affects the capture of the bionetric, not the

aut hori zation aspects of the system The first step to being able to nake
SET paynents is to register the user's bionetric with the netpage
registration server. This is done in a controlled environnent, for exanple
a bank, where t Kechisprlisttion isessediriedowithoanppniicasidn provigdneand dhersysteinmesingainsteme user' s
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aggregate subseripti riodi cals which woul d al so ot herw se be
pr esent ed Ctoopefah‘ée Sﬁt’sa%relfsem%{acg?nm&% “""F'?%af Fdual statements. 4.4
TRANSACTI ONS Each protocol is illustrated by way of a sequence diagram in which the horizontal

dimension is used to represent message flow and the vertical dimension is used to represent time.
Fach entity is represented by a rectangle containing the name of the entity and a vertical column
representing the lifeline of the entity. During the time an entity exists, the lifeling is shown as a dashed
line, During the time an entity is active, the lifeline is shown as a double line. Because the protocols
considered here do not create or destroy entities, lifelines are generally cut short as soon as an entity
ceases to participate in a protocol.

51 SUBSCRIPTION DELIVERY PROTOCOL

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

A large number of users may subscribe to a periodical publication. Each user’s edition
may be laid out 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 1D 51 for each document from an

ID server 12. It then sends each document structure, including its document ID and page descriptions,
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When a user requests a netpage in a particular application context, the
application is able to enbed a user-specific transaction ID 55 in the
page. Subsequent input 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. Wen input occurs through a page which is not
user-specific, however, the application nust use the user's unique
identity to establish a context. A typjcal exanple involves adding itens
froma pre-printed catal og page to the user's virtual "shopping cart”. To
protect the user's privacy, however, the unique user ID 60 knowmn to the
net page systemis not divulged to applications. This is to prevent
different application providers fromeasily correlating independently
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their databases, and it allows the printers to print the documents.

5.2 HYPERLINK ACTIVATION PROTOCOL

A preferred embodiment of a hyperlink activation protocol is shown in Figure 435.

When a user clicks on a netpage with a netpage pen, the pen communicates the click to the
nearest netpage printer 601, The click identifies the page and a location on the page. The printer
already knows the ID 61 of the pen from the pen connection protocol.

The printer determines, via the DNS, the network address of the page server 10a handling
the particular page ID 50. The address may already be in its cache if the user has recently interacted
with the same page. The printer then forwards the pen ID, its own printer ID 62, the page ID and click
location to the page server.

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 clement is a
hyperlink element 844, the page server then obtains the associated application ID 64 and link ID 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
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842. Resource descriptions use the Dublin Core netadata el enment set, which
is designed to facilitate discovery of electronic resources. Dublin Core
nmet adata conforns to the Wrld Wde Wb Consortium (WBC) Resource
Description Franmework (RDF). A resource description may identify rights
hol ders 920. The net page system automatically transfers copyright fees
fromusers to rights hol ders when users print copyright content. 5
COMVUNI CATI ONS PROTOCOLS A contruni catigns protocol defines an ordered
exchange of nessages between entities. In the netpage system entities
such as pens, printers and servers utilise a set of defined protocols to
cooperatively handl e user interaction with the netpage system Each
protocol is jllustrated by way of a sequence diagramin which the
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set of multicast annel .nanes. 1t _signs the ness using its private

si gnature key. Tﬁ%’hh eéﬂlgﬁ(smé{r%’\lf@fnaﬂg‘ggdetaﬁ‘%a"é F%‘é&tc?%ﬁgsfb“hw Pedefirsh to

obtain fropet brever agludss rteet rrpmc@ariPein thet inessago sane SPbe eppligutiors ehis| aoviOthe t he

user s _sel GEkcathl ARk s kEkBon CPIGE BollEVRE 13RI Gl €1 ect ed For the
e

application, or na the user's default printer), and the application's
certificate. TheIfé%/?dﬁYPfe‘&E‘if?ﬂﬂm‘é 3 EEf tljanil gt caliat Teqriie? tebusay et dhen e ffirst o veri fy
t he nmessag@gsSictytrasknds Both 1B Gen ID 61 and the hyperlink’s application ID 64 to the registration server
11 to obtain not just the user ID corresponding to the pen ID but also the alias ID 65 corresponding to
the application ID and the user ID. It includes the alias ID in the message sent to the application,
allowing the application to establish a user-specific context for the hyperlink activation.
5.3 HANDWRITING RECOGNITION PROTOCOL
When a user draws a stroke on a netpage with a netpage pen, the pen communicates the
stroke to the nearest netpage printer. The siroke identifies the page and a path on the page.
The printer forwards the pen ID 61, its own printer ID 62, the page ID 50 and stroke path
to the page server 10 in the usual way.
The page server loads the page description 5 identified by the page ID and determines
which input element’s zone 58, if any, the stroke intersects. Assuming the relevant input element is a
text field 878, the page server appends the stroke to the text field’s digital ink.
After a period of inactivity in the zone of the text field, the page server sends the pen ID

and the pending strokes to the registration server 11 for interpretation. The registration server
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page server's request to the registration server fails if the application
ID and alias ID don't together identify a subscription 808. The page
server then allocates docunent and page instance |IDs and forwards the page
descriptions, including page I1Ds 50, to the printer. It includes the

rel evant set of nulticast channel nanes for the printer to listen to. It
then returns the newy allocated page IDs to the application for future
reference. Once the application has digtributed 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 nmulticast channels. Both page servers and printers
nonitor the appropriate nmulticast channels and receive their required

cont ent objlerifies themisaporgsrondipgoly thgippre andgisgsdisutse’s ecciatedtapdpirigushadel#32 nt cast
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5.5 FORM SUBMISSION PROTOCOL

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

Form submission occurs via a form hyperlink activation. It thus follows the protocol
defined in Section 5.2, with some form-specific additions.

In the case of a form hyperlink, the hyperlink activation message sent by the page server
10 to the application 71 also contains the form ID 56 and the current data content of the form, If the
form contains any signature ficlds, then the application verifies each one by extracting the alias ID 65
associated with the corresponding digital signature and obtaining the corresponding certificate from
the registration server 11.
5.6 CommissioN PAYMENT PROTOCOL

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

In an e-commerce 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.
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The application produces a response docunment according to
application-specific logic, and obtains a docunent ID 51 froman |ID server
12. 1t then sends the docunent to the page server 10b responsible for the
docunent's newWy allocated ID, together with the requesting page server's
ID and the hyperlink request ID. The second page server sends the
hyperlink request ID and application IDto the first page server to obtain
the corresponding user ID and printer 4D 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

I Ds 50, returns the newly allocated page IDs to the application, adds the
conpl ete docunent tg its own database, and finally sends the page
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server 11%°P§° BV H’iﬁ’ ru‘étse’{éﬁéh"‘lfg@fcat}of) pE‘U‘rdFre%‘fjjétntﬂl%m’tgﬁla]t PAge 5¥YF | D but
al so the aftopetsr Wi 65hypatinkaspentd. Mye page sciacusap hypdlinkadudsDInad dchdipmeiser | D.

I't incl Udeéu&é‘]%)pﬂéahéhs allcge!u{s] tﬁe%@edﬂ%ﬁ IEBIE & ef%ar& reégtra{tlhe a 1 ; tt%g'? ehwftlé}hal | owt ng

the applicationto est a user-specl Fink
acti vat i onSouse *B’PF%MI&T’I INGWREO@N B @Q@R@Hﬁ'@@@teqwelﬁ ﬁheu&sﬂat@bpasmra stroke

on a net pagelitwhé &bn@sp&ﬂlr@aﬂﬁcdﬁeﬁlpmﬁ&?s REANGOTRARD ﬁ(ﬁltﬁgs%hetagﬂlcaﬁh f)rgkxgmt o the
near est netpage print troﬁstf)ﬁe(gq ifies the page and a path on the

page. The printer tl?egp‘a}ﬁ?tl(ﬂgprf)ﬁ T BE € griplgr QSWF%F S‘??P%'Fe prEepzovidene page
| D 50 and ®tditdk the pegitpl page strive qgelye vatl thecnypeiBik irqqudshiD. TBdigoe Waés usIshﬁe page
server | oaggediG.Pash Jhid Bt %&ﬂer%na g&ﬁ&gttﬁ aregﬁ oft¥ nﬁehr RAIG: Lr[?m 0ver

determ nes which i nput el enen zone I nt er sects.
Assuni ng t%@’é@@\%ﬁﬂ‘“@ﬂf?u’{h"é‘f%@ﬁ%ﬁﬁ sepvgr %ied“% @?(?OHFSP@ng BI‘FBSI‘ Pltohéef pEoet ser ver
appends ths4stroke to the text flelds digital ink. After a period of

inactivity in the zone of the text e.server. sends the pen |ID
and the pending g 9“906 aPI?)hc%hﬁné pr“éWdiersfS %{’tlbntfhP' §%t&\?‘gl’)fihf PYY; 2t B st at i on.
The regi st@d{cr“@np@elﬂvand NPN@@@‘ZP@@M@f thelidatify of essotroeappigetionparviespondi ng t o
the pen, agd useReiphgr PSEDESSRBRGY MUl at ed handwiting nodel 822 to

i nter pret Te stﬁokes as handwitten text. Once it has converted the
strokes tP1ext, PPHAEGHAYCSt ration server returns the text to the

requesti ng page Rﬁérﬂﬁto Flduees [32@€ 9.Sthe Y& cap8NdSedald® b B¥drentOnkddl t@Xt val ue

includes a housing 102 in the form of a plastics moulding having walls 103 defining an interior space

104 for mountiﬁg the pen components. The pen top 105 is in operation rotatably mounted at one end
106 of the housing 102. A semi-transparent cover 107 is secured to the opposite end 108 of the
housing 102. The cover 107 is also of moulded plastics, and is formed from semi-transparent material
in order to enable the user to view the status of the LED mounted within the housing 102. The cover
107 includes a main part 109 which substantially surrounds the end 108 of the housing 102 and a
projecting portion 110 which projects back from the main part 109 and fits within a corresponding
slot 111 formed in the walls 103 of the housing 102. A radio antenna 112 is mounted behind the
projecting portion 110, within the housing 102, Screw threads 113 surrounding an aperture 113A on
the cover 107 are arranged to receive a metal end piece 114, including corresponding screw threads
115. The metal end piece 114 js removable to enable ink cartridge replacement.

Also mounted within the cover 107 is a tri-color status LED 116 on a flex PCB 117. The
antenna 112 is also mounted on the flex PCB 117. The status LED 116 is mounted at the top of the
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of the text field. 5.4 SI GNATURE VERI FI CATI ON PROTOCOL Assum ng the input
el ement 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 1D 61 and the pending strokes to the registration
server 11 for verification. It also sends the application ID 64 associ ated
with the formof which the signature f{jeld 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 bionetric 818 to verify the strokes as the user's signature.
Once it has verified the signature, the registration server uses t he

appl i cat i opFalP) Brecahll-arzed viskily.60 to identify the user's

appl i Ctatl on- SpECI’Iﬁélﬁ‘eanfuloléﬁrit@bo‘ﬂia@.ﬂ&rhbﬁl?nah@hé mklptan;luhgé(;lhﬂéﬁ—tﬁﬁrkﬁlgﬁ%'lgse%a Yy Cal
gener at e i arm and returns the digita
si gnature Fen C?‘%élgeilé Ef”i%l SJ ﬁ&@éwé‘%?@e‘?’ ﬂ%mgb%llg”ée Lisd pidskysidg ahip 1 e
digital sit@nbieingl0fEihiréhedikgaratdgs @b fidet die sylas el s cstnrbebxa@,ﬁdbmautdadoﬁgmr ms
status 10 ofeh 0682 of kel G pitke 134 QQ%wgfoﬂﬂ@gLﬁgﬁstm Blvk 8 bli%,c@ﬁ%?f the

correspondl ngzuser his alfows a ~sin (0] ca € users'

si gnat ur es2nd324areppyptedigaig @EW@M“A??) respestivelygh é’ﬁﬁb@ |cmbﬁrreldf25 a form
submi ssi onisp&@icd @Othe & BH Qﬂmml dﬂerEtlog Whe arfliged O £ IS MBBRES | maﬂlclﬁHEISIZy ia a

form hyper] ink actiyvati he_.pr ot ocol ned in Section
5.2, wWith orrJé ornirlzg e%? °m°f%j ?t %‘Héhe“fmﬁ {Sﬁcgf@%@"éﬂl&ﬁ’d Cal“b ‘]ﬂ"f‘f?plé?l i nk,
t he hyper | indR2&mreioting ﬁr@nshﬂe@balgé&@nﬂ%tﬁt vithie the agresls ¢26v On rotalith dftheiche

applIcatloshnz;hzélmh&p%awg&h@rﬁ&gmlaltl%é@acamﬂe& ofedd it chh, %Eﬁ%ﬁ ntent of
the form If the formcontains any signature fie ent eapplcatlon

verifies e%féFf “61’1‘@ I pubthropeh theihqlg li.”n‘é ﬂ’ﬁl"%eﬁkenfl picgsg 14. gé%??é |1%1t1¥9ﬂthWF giestof e

cor r espondiprgtichi By tiflng S GpadIthSughiotk b4, Bk Hirdd@akd1e: cOr r espondi ng certificate
from the registgatiop sesver 11. 5.6 COW SSI ON PAYMENT PROTOCOL A
preferred enbodi HERt of "a cofmi ssi on paynent protocol is shown in Figure
47. In an E-com@k@ﬂéﬂ@ﬂ%l@hﬁ@nﬂt anflees and conmi ssions nmay be payable from

an appli cal o RE@KiiGIndg. As WIS SRRE A 20 Katdf Oughs, transactions and
sal es. Conm ssions on, fees and mm Ssions on conm ssions may al so be

payabl e from t he®pEiP} 8RR 5%t ‘F\é‘o'ﬂ’i‘eﬂ\ﬂ“&%Fle‘ES‘Pm‘fsrfé‘asb‘F il 30t which S“‘NP)@’Z ¢ SG 50
The hyper | hoodingr 102}Tds tecdnd 162PII5 1295@dntt £ iiferHie FR 1B e & poviGiymir6&l itk edi t

fromthe tfy &gjgction onto the surface. An image sensor 132 is provided mounted on the second flex PCB
129 for receiving reflected radiation from the surface. The second flex PCB 129 also mounts a radio
frequency chip 133, which includes an RF transmitter and RF receiver, and a controlier chip 134 for
controlling operation of the pen 101. An optics block 135 (formed from moulded clear plastics) sits
" within the cover 107 and projects an infrared beam onto the surface and receives images onto the
image sensor 132. Power supply wires 136 connect the components on the second flex PCB 129 to
battery contacts 137 which are mounted within the cam barrel 125. A terminal 138 connects to the
battery contacts 137 and the cam barrel 125. A three volt rechargeable battery 139 sits within the cam
barrel 125 in contact with the battery contacts. An induction charging coil 140 is mounted about the
secand flex PCB 129 to enable recharging of the battery 139 via induction. The second flex PCB 129
also mounts an infrared LED 143 and infrared photodiode 144 for detecting displacement in the cam
barrel 125 when either the stylus 120 or the ink cartridge 118 is used for writing, in order to enable a
determination of the force being applied to the surface by the pen nib 119 or stylus nib 121. The IR
photodiode 144 detects light from the IR LED 143 via reflectors (not shown) mounted on the slider
blocks 123 and 124.
Rubber grip pads 141 and 142 are provided towards the end 108 of the housing 102 to
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application provider 70a (e.g. merchant) to the source application provider
70b (i.e. publisher), and fromthe source application provider 70b to the
pri-nter provider 72. The target application receives the hyperlink request
ID fromthe 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 witfa the hyperlink request I D. The page
server uses the hyperlink request IDto 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 I D. The registration server credits the corresponding plication
provi der" sasal&éwmg%@??l 10{ qandyton YPSi3lse jnelpdesa glind 42tgrtlipRing thegisn Hiides EP@E 1 f the
appl i cati oe2pr oviPdecomeedsrt 0 credit the printer provider, it sends the
printer provider cre t. a erver t her MAt the
hyper|ink request™ %Il I: ma’é%ag%dotemgm%eémpn gﬁfﬂ% s 2125 Pre‘?ﬁfé’ét’i‘ Dto
identify thblhbwmm@mm&andwséhM®Ewmemmm@dm@0bmemmh®heﬂmekgMﬁntm¢egimtration

server togeifet. Mh.dd dEtQﬁoxﬁ)Eh'e Héaﬁegt xAchnTalgeana g%&gm waa;a&%{e\a%ran& oflLts the
correspond| ng?dpl’l nt er I’OVI account he source p | catl on

provi der i%¥ tqré}?affqnﬁl ?1]6fai“1“i té‘ﬂ“tﬁ‘Fm% TpECS] Ia%i‘i’tdl"?%?o@ﬁ chip L34 W@%ﬁonﬁml cation
provi der, mAGaitlkeesplicl dit@4tiop bOME pArandthe hid@o-lagl @iRthricé o1 fhelpBi€pesIOM i Brtion
applicatlo V] NETPAGE PEN DESCRI PTION 6.1 PEN MECHANI CS
Referring gbgkgﬁﬁ%ggmggu% the pen, generally. designated by reference
nuneral 101, |né&bﬁgémdﬂh@msﬁﬁgmm@EmMN12Hepﬁoﬂhwmfmmﬁwi@sd@%@hmﬂmﬁding
havi ng wal {uhicl R3nsetel ﬂ:’rEbGur%nanh PhoRdekPror em@eﬁﬁmsli%o&)% théY&Hlﬂﬁan g,s&nﬁe pen
conmponents. The % is in operatiogn rotatably npunted at one end
106 of the housi ﬁ‘gm’i 9 pens Bapnee P ARSYST ‘é‘ﬁf“g‘ﬁﬂb%r‘la‘i@?“?s@“@%éﬁﬁ’é&’"‘P‘iﬁi t he
opposi t e eWtenltBpeoflOt Meves ho dbiang, dHAL inkl e ic Buffered BilHn s pad B0 (6 paxqol ded

pl asti cs, ], =1 k. n | .,in order to enable
Phe user el Bl Mithel bRCS &Nl SERPREASE: FRbGRLEY 17 b8l e 40 0" T
cover 107mWWEPm@%%ﬁﬁmhﬁﬂﬁmﬁaWFﬂTG@“ﬁﬁich substantial ly surrounds the end

108 of the housi m&@%nan&pam lpﬁlem&atohﬂlgse@&rdtﬂle@fbﬂﬂzﬁ)mf\dﬂwemw Pigﬁeﬁ@ back
and fits corr spondj n |1 formed in

fromthe nai in.a sl

the vl s BoReB i bl mod oot et o B R kD i Ditdieah i nd t he
proj ect i ngchporreiramtalid of ke RFichip tHethhiowsd sgorliG2. theSo-celvy status BEDIS16] HSIR
surroundi Ngu@RBPEED 1 Sihelik Ftc¥Bnsod 1D 1@9\5@@4&9 eéeﬁs%r%{oﬁ&gqqfc.t o receive a

nmetal end piece 114, i ncludi ng corres screw threads 115. The netal
end piece 114 i s pechfpemsoller chp é%fbﬁvlvéief A kogralfing prefrgwon W Bre d e prablesie o
mount ed W dxbtiafipe toh @atCRWRER dhiporiesis af the' donmhﬁhlpsts.am hERN G 20, su2fdex PCB

117. The 1 i Iso unt th ex PCB.117. Th status LED
116 i s mu]?:]litgt&el\gqg? arf %1 auc% o% %ﬁ&% ﬁorga%r HQ is arranged jfo convert tl?e

signal from the force sensor photodlode 144 to a digital signal.

An image sensor interface 152 interfaces with the image sensor 132. A transceiver
controller 153 and base band circuit 154 are also included to interface with the RF chip 133 which
includes an RF circuit 155 and RF resonators and inductors 156 connected to the antenna 112,

The controlling processor 145 captures and decodes location data from tags from the
surface via the image sensor 132, monitors the force sensor photodiode 144, controls the LEDs 116,
131 and 143, and handles short-range radio communication via the radio transceiver 153. It is a
medium-performance (~40MHz) general-purpose RISC processor.

The processor 145, digital transceiver components (transceiver controller 153 and
baseband circuit 154), image sensor interface 152, flash memory 147 and 512KB DRAM 148 are
integrated in a single controller ASIC, Analog RF components (RF circuit 155 and RF resonators and
inductors 156) are provided in the separate RF chip.
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51 pen 101 for good all-around visibility. The pen can operate both as a
normal marking ink pen and as a non-marking stylus. An ink pen cartridge
118 with nib 119 and a stylus 120 with stylus nib 121 are nounted 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 netal
end piece 114, by rotation of the pen top 105. Respective slider blocks 123
and 124 are nounted to the ink cartridge 118 and stylus 120, respectively.
A rotatable cambarrel 125 is secured to the pen top 105 in operation and
arranged to rotate therewth. The cambarrel 125 includes a cam 126 in the
formof a slot within the walls 181 of the cambarrel. Camfollowers 127
and 128 projecting fromslider blocks 123 and 124 fit within the cam sl ot
126. On rotation g? inage SRS HAPKEP PROBCCR Kwcksh pater ippreduked byAdatgyphitd 24 npve
rel ative tBle@@gib Oafpbﬁﬁonl ﬁhdFlE QpsOided & & Paper wﬂakuﬁnlcni Rothddda, 0WoKSENLUE Nib 121

out througl. th ol th The pen 101 has three
states of ﬂ ehl dﬁd&@% e g()kni? Tt(g%%f%%e eﬁsro{) N%“%E@be? PHR t hree
states ar eIEEES’tra,uBag@nS_QIOElmtrbmi DQW@&tVolt 47 amberlt Iamdugemm(l&hmh I ikdSorwd; and

Nei t her mjger&la{;ytrgfgrgg@“;tggnmﬁe]llg out nor stylus 120 nib 121 out. A second
flex PCB 129, is nmounted on an el ectronics chassis 130 which sits within

the housing 102 Thergarlle/silg 114 @ierspomicsrsd stip afist s PaiRd plipacifis heneths reB1 £ Of
provi di ng imfig @ excboditael vt 4 mﬁaceflomcq@;roeutegafdbdwatea) Eikc@it mewhsciﬂﬁﬂoaﬁﬁs theAﬂBrcb mage

sensor 13 2sen %glogeeﬂél Jkeesdu e con ollﬁ.rﬁlé ngl t]:]:e r?ax)érff*rlmanaggéé? 212 @ p%'f %1? Im\;lu E?S a

reflected ra on from ace. seco
radi o fre@}'eléncy chip 133, WhICh includes an RF transmtter and RF

receiver, and a m;aalelulaﬁem&mo%mhﬁiéatés% meqaﬂ%{ssu S0oRiGr- RRRI BEhRP uRh v§ hE PeEN
101. An optigcs bl ock 135 (formed from | ear plastics) sits within

t he cover SR ’F‘e&j°é?:IFE’a'ﬁ’ﬁlypr‘?‘ﬁ‘}‘@ﬂsef)ééﬁ%‘ﬁ@émflﬁéle’ét@ frdmedigy} fSMacei ves

i mges ontiend, hgl usésiiegencs 8apdg ani3AlisidiaiaRdtios thpRivide iktcketncd-F&: canttation he
conmponents on th e / t. ter h are
mounted within t %cagt%ng 15% %&fsdl%g‘g tilTgAI?etnéI%' m Q'%IE aé%nq%a%c’%ssocfagoﬁ (f%A?bat tery
cont act s 1i3%Prieep fr thee-rasepromEpRGelion R a bike ptptjop ar npiyhge primterhar geabl e battery 139

sits within the ﬁamﬁu@ar Edodihd, e p&rd i 12mbuddk &Mpalr N RBEHENT YecBBhagt S- AN
about the _second flex PCB 129 to

i nducti on char coil 140 nt e

enabl e rec’ﬁ%rﬁ “L@ f{h%?“gqq \%haaﬁﬂafa’@ftf%wﬂ aprRovedR U 28% PCB 129
al so rmuntlé)vaghostmﬁth@r ed LED 143 and infrared photodi ode 144 for detecting
di Spl acement in Tl“ﬁEeprG%n Q%era%l;ele%tem%éc%Iﬁpgﬁboﬁgéﬂﬁs&me%%net %Otoosg %he i nk

cartridge 118 is used for wit In order to enab erm nati on of
t he force BEPhYIBPHFrERre{ouite logﬁm eeallgying e lqsesion fretfo b1 9mpled gyaviss ni b
121. The I&Re. mbtmb&d@ﬂd@mlef&ﬂthéefu@ﬁfy&n lobjg:hbf ihtEr@Mathbehdn R pbdiidn b Bie Viirfice.

reflector SFO(‘ Qx%;[nple 1P t¥1‘én c)b_]e[:rtqsu anl}ser mtezfalxce mput e%emen&e g. atgtl;rt?lgai?l Tor%, tﬁ&qhe]iazgdfb of

each Iocation tag within the area of the input element can direcily identify the input element.

The acceleration measured by the accelerometers in each of the x and y directions is
integrated with respect io time to produce an instantaneous velocity and position.

Since the starting position of the stroke is not known, only relative positions within a
stroke are calculated. Although position integration accumulates errors in the sensed acceleration,
accelerometers typically have high resolution, and the time duration of a stroke, over which errors
accumulate, is short.

7. NETPAGE PRINTER DESCRIPTION
71 PRINTER MECHANICS

The vertically-mounted netpage wallprinter 601 is shown fully assembled in Figure 11. It
prints netpages on Letter/A4 sized media using duplexed 84" Memjet™ print engines 602 and 603, as
shown in Figures 12 and 12a. It uses a straight paper path with the paper 604 passing through the
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Rubber grip pads 141 and 142 are provided towards the end 108 of the
housi ng 102 to NPX022-SG 52 assist gripping the pen 101, and top 105 al so
includes a clip 142 for clipping the pen 101 to a pocket. 6.2 PEN
CONTROLLER The pen 101 is arranged to determ ne 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 fromthe nearest locgtion tag, and is arranged to

cal cul ate the distance of the nib 121 or 119 fromthe |ocation tab
utilising optics 135 and controller chip 134. The controller chip 134
calcul ates the orientation of the pen and the nib-to-tag distance fromthe
perspective distortion observed on the imaged tag. Wilising the RF chip
133 and anfulsird riatengineg 6Q3end §03 hichprint bashside of arshrst sgpreansly] in Rillgelprend (whi ch
i s encryptesh thioslegecuri ty and packaged for eff|C|ent transnlsS|on) to the

conputing syste e e n a receive |taI i nk
data is transmi ttAnén\{\%ga?Flfl&gsg?emb %8§ eéﬁ‘ F’ﬁ'é’ pahelg £ %81136 p“B range,
di gi tal i nfbectatlewinsit pufhcer te thewreaviviashe¢chwhep @resstDagaipst e Tipewmeak® 4 finad bouedli t r y

i ncl udes aadopchedis %emgﬂget@thﬁmgs%mogé ghéelt to swéraﬂmcgedfsﬂeretsappr oxi mately 12
m nutes of the pen notion on the surface) can be transmtted | ater.

The controller cm’eprclil%’&abiksm]ﬁﬁﬁtﬁf‘?é(f%ﬁh‘{“ﬁ‘én §§E‘6Ha cqyplegk wilcthe fipmesphprinhe pen
101. Fi guregid®, hab Ha(ﬂlel’@bm;knlﬁis@Et&dﬁglﬁb{itb}afaﬂtaiﬁenﬁd bﬁn mRe@adRlial, blathed

architecture of. th oI I er 134 ure Iso shows
represent at | onsm]%)sf %ﬁ'ﬁg ﬁféegén asiéaﬁes%lr dipg The pcro git filteg o) or

st at us LEDntrfges ‘t’lﬁleﬂﬂlaR pujup IG%ﬁrmh@tth@wnleEf)a 33@86 EhdhisRrdvglec@icgdns or the ED 143,
~and the f%&@@@%%&M@@QIo@%cr&éﬁmlémﬁm%HM%@M Bxhdﬂgsdscs@? Qvg% PC' udes a

control ling processaor Bus 146 enables the  exchan ta etween
conponent sWFitendog: St arigthead  nogglgsp By Jeporpppting hherairdiligr W&ﬁ&@%i:zthKB DRAM
148 are alcﬁﬂ'amdhﬁilhtﬂﬂﬂ‘dw ﬁtm 1saﬁﬂadnogy liﬁkcdib@iem&bfm@ma‘lﬁﬂéeefhe];ﬁ&aﬂrﬁgeﬁE£ﬁﬂﬂed to

convert th ree sor tod| ode 144 to a
digital si §° gl%ﬁe%n uam aca aclg%rpmn’fl% umgi@gp?gn%@ &9 with the i mge

sensor 132. A tr Bﬁ%@ W@Pgmclénltw wbtpriged hEHa pirkduplralte aabalrbdif @b pushesttheltbpl ar e
al so i ncl ugedditony inehd Ak Mﬂytpgkt Y panperlggns&mnmlejfﬁs%pw %:xfgnle 66Mtl:) 't{g%§ 148 RF

circuit 155 and RF resonators and i nductors 156 connected to the ant enna
112. The JYFUFG! PRy s bie tyg demigt?' prigsengines 98 catied sromaedrin amt a from
tags from dph@ing Sidick a@@entih] @otfig@rationBRE: HERGQAt phibe path TR ﬁ:@&%o«i iaelrafwﬁ e Sensor

hot odi od LsSentr t.he
E hgr? -t angﬂée]ifé d1'o “Co m%ub?lll)ca tF %)lﬁowerec}’flﬂke“prrgl rsang Tén%"é‘é‘ g S“i thelp?pef s a

medi um perd064 isrrenrieceand fllGigel pringiamenmaienget Fipgve isRKBE! pndesssbrio aif ldeiniocessor
145, di gi ti&d shértapsEBicigk. conponents (transceiver controller 153 and

The paper exits the first Memjet™ print engine 602 through a set of powered exit spike
wheels (aligned along the straight paper path), which act against a rubberized roller. These spike
wheels contact the ‘wet’ printed surface and continue to feed the sheet 604 into the second Memjet™
print engine 603.

Referring to Figures 12 and 12a, the paper 604 passes from the duplexed print engines 602
and 603 into the binder assembly 605. The printed page passes between a powered spike wheel axle
670 with a fibrous support rolier and another movable axle with spike wheels and a momentary action
glue wheel. The movable axle/ghie assembly 673 is mounted to a metal support bracket and it is
transported forward to interface with the powered axle 670 via gears by action of a camshaft. A
separate motor powers this camshaft,

The glue wheel assembly 673 consists of a partially hollow axle 679 with a rotating
coupling for the glue supply hose 641 from the ink cartridge 627, This axle 679 connects to a glue
wheel, which absorbs adhesive by capillary action through radial holes. A molded housing 682
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baseband circuit 154), image sensor interface 152, flash nmenory 147 and
512KB DRAM 148 are integrated in a single controller ASIC Anal og RF
conponents (RF circuit 155 and RF resonators and inductors 156) are
provided in the separate RF chip. N PX022-SG 53 The inage sensor is a
215x215 pi xel CCD (such a sensor is produced by Matsushita Electronic
Corporation, and is described in a paper by lItakura, K T Nobusada, N
Ckusenya, R Nagayoshi, and M Ozaki, "# 1mm 50k-Pixel I T CCD | mage Sensor
for Mniature Canmera Systen, |EEE Transactions on El ectronic Devi ces,

Volt 47, nunber 1, January 2000, which is incorporated herein by
reference) with an IR filter. The controller ASIC 134 enters a qui escent
state after a period of inactivity when the pen 101 is not in contact with
a surf ace. SUreudnBesiprorhselcdithan gesging g the dronti Rivating sidea®ldiges el serengiontordsoshe f or ce
sensor photeaiacice toltﬂémaﬂ(ﬁra\é\l&kﬁﬁ hihBe &up ﬁd@v@ﬂtvfh@l{ hefestbBthe h’ds@nbtim?» %Qlﬁﬁsﬁ: manager

151 on a pgn-down nt. The radj ansce r icates_in th

unl i censedgﬁ%wﬁg‘ S‘éﬁ?jex SPRARF BU° eéld&"t?flghtﬁ %fstg Igg‘?gﬁ‘ﬂ‘ﬁﬁéész SF’I’S“’“

al t er nat i verriygsiclesettheaissambly odefedved. odﬁﬁglumdnaﬂmmabenosmfennwh ¢ and nedi cal
(15 band, and wsgsnld 6AUEREY mBARPLASANG.ERL 1691, Ahede! @%,%{Jh@ano Be Pl ovi de

interference-free communication. I'n an alternatlive e

i ncor por at EEieadgerpn g e sida fapariiasibs fretistt o p Aeyapentlian it ismaseeicd é?“’ﬂsﬁ@r t - r ange
comuni cat hebinddgasedblpase st ati on or netpage printer. In a further

enbodi nment ., ,t he | |r of orthogonal accel erometers
nmounted in ?he n(%rﬁ'ﬁﬁ O‘%ﬁ%ﬁ%"‘%&%ﬁ#ﬁ% £101 axis. The accel eroneters 190 are
shown i n Fi gur es T8e zatrdze pidter wngtﬂlgsctonmtdf B n@trolfifgeprpresa 750,Grfacdry-nkgied

accel er ometef-RAMR %éw&ta'n'ﬁer%@)g@'du%eéﬁs of: adWEach%Rerl&!m%e%ef R Ger FRL 1 ON

wi t hout reference to_surface | ocation tags, allown ocation fags to
be sanpl ed®3P™4 Yo+ REcacutERS hand RFaterBHOT Ap rnfbweenﬁéhéhal THEAEPERY an
obj ect of pride@B:ERIP) DALY, dupledd frird fink c@ifrolefs 70mE W60k HEh menfodf 658 Xadpl €, i f
t he obj ect ﬂf‘ﬁﬁf n fa [Ralellys el ement (e.g. a command button), then
the tag IDAN@ eac ?%c%ﬁluscgrﬁ% o tl‘r‘r in the area of the input elenent can
directly identifyhg ﬁ@“?lhﬁswoceﬂser@mles cTihgunicaiaad] withathé oatwarle 4% ardevlittblped he

accel er onegiess ﬂe&a@%ﬁl 101, s&ol8 1% h@PBltt¥n 7! @RI SusbrSntertzEH 189 3 Sl 6 Wadi D
respect to_tjne to c n_instantaneous vel ocity and position. Since
the starti® "gi"’ Pr‘z?.s);‘i‘ ngrfs Sk &rdipgnt fagnaqppHers Zﬁ\frl 1y cqugipts,pfiaediymsi t | ons
within a mfbmim:eaenerablamw mitregtocesbit Mu@htrofihg iptobdddar Tt BPhatidaehwilichemul at es
errors in ﬁrﬁ?engiﬁg ﬁ?oﬂ@&?@dv?araanﬁéh%ﬁeed?eﬁﬁ%ﬁ’és%O”Et ers typically have high

e 0

resol ution tine duratio a stroke, over which errors
accunul ate, is sHAby RIP DSPs rasterize and compress page descnptlons to the netpage printer’s

compressed page format. Each print engine controller expands, dithers and prints page images to its
associated Memjet™ printhead 350 in real time (i.e. at over 30 pages per minute). The duplexed print
engine controllers print both sides of a sheet simultaneously.

The master print engine controller 760a comirols the paper transport and monitors ink
usage in conjunction with the master QA chip 665 and the ink cartridge QA chip 761.

The printer controlier’s flash memory 658 holds the software for both the processor 750
and the DSPs 757, as well as configuration data. This is copied to main memory 657 at boot time.

The processor 750, DSPs 757, and digital transceiver components (transceiver controller
753 and baseband circuit 754} are integrated in a single controller ASIC 656. Analog RF components
(RF circuit 755 and RF resonators and inductors 756) are provided in a separate RF chip 762. The
network interface module 625 is separate, since netpage printers allow the network connection to be
factory-selected or field-selected. Flash memory 6358 and the 2x256Mbit (64MB) DRAM 657 is also
off-chip. The print engine controllers 760 are provided in separate ASICs.

A variety of network interface modules 625 are provided, each providing a netpage
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7. NETPACE PRI NTER DESCRI PTION 7.1 PRI NTER MECHANI CS The

verticall y-nounted netpage wal lprinter 601 is shown fully assenbled in
Figure 11. It prints netpages on Letter/ A4 sized nmedia using dupl exed 8 h"
Menj et TM print engines 602 and 603, as shown in Figures 12 and 12a. It
uses a straight paper path with the paper 604 passing through the
NPX022- SG 54 dupl exed print engines 602 and 603 which print both sides of a
sheet sinmultaneously, in full color angg with full bleed. An integral

bi ndi ng assenbly 605 applies a strip of glue along one edge of each printed
sheet, allowng it to adhere to the previous sheet when pressed against it.
This creates a final bound docunent 618 which can range in thickness from
one sheet to several hundred sheets. The repl aceable ink cartridge 627,
shown in FREUte meaceddbPrdcrripelly ¢ loeal qemiviek eiheprorinipterfisn §#2n Mgipagh agrvirk adder s

or chanber md@f inGieRes Mdhdt PEES invRms, MIHRSHIBLL CoR mﬁF@a)éaﬂb mdTBGE A mydehd, OW,

bl ack and fr r ed e cartridge al so .co mcro air filter in
o Do o B bR dale S ol b, b e G B e oo ey o5

i nside t hewmhsmoeqi logp GVIEL) reseive8 J.ocdl intesfaqeys ipslidd @EEH 1284 @urelth! muirg), 10Besé-he

pr i nt headsat;doloma%é/? rErthef'n ﬁ@ﬁ %ncp{JSIgnZ%r ﬁ'EEEalrl’éél Elu@@u’el) %ﬁ s.r%gnoz ;gmgthomg

printheads 350 whic ? ot herw se ¢l og rint
i ncor por at Pfﬁ‘@"ﬂf%mﬁlfw&f § fnelpterfpt 9omsction ds @’&‘llalb‘rel%dhe lofallléef‘”@beﬂi@tth@haﬂl life of
the fil terndhﬁorleﬁlfeﬂ'&'ébM%E&se&isHﬂé&&pig@n&Mkhleff@eOf the cartridge. The ink

cartridge is a f res cIa r oduct th.a c for |nt|ng and
gl ui ng 3000 pagegk?%gﬁ Y o é???ﬁg‘?mm¥$§€§@£§%¥’ YB??zed
medi a pi ckbugerdless teéphows@mb‘#rpanﬁéﬁsﬁmp@smgn&e&hé 4GHpmd®hele‘scwdnﬁoeanﬁ Imgdifal om t he

medi a tray papbad, RAPGGs SERSRY HPpid %fé'ié%nl%ﬂe ke he
dupl exed (ﬂﬁﬁ tTM prlnihegﬁ gss@%ﬁhyd h &%ﬁﬁﬂghﬁﬁ%ﬁﬁﬁf}gﬁgFﬁes 602

and 603 ar%’ %8 in an opposi ng i n- I|ne sequentlal configuration al ong
t he straight papéhepﬁmh aﬁhﬂhpamﬁmm@Oﬁmﬁﬁmdﬁawnmhmﬁonmih@m&hﬁﬁuhbmbnt

engi ne 602, hy e Lers.626.. The position and size
of the papgr m%Q£ géasgnsgggll Eﬁ?‘% wsgm r|n??ﬁbcggﬁ%eﬁﬁgﬁét?mx%tlve is
printed sitRfctigpolle ppnteousss diledfr% riggerfage for hbortanmet@@mmp@sm bitle stifabie. The
paper exi t &nlidaeedhépagt penj et TM print engi ne 602 through a set of powered
exit spike, wheels (aligned Ion t he strai ght paper path), which act

agai nst a ?ﬁﬂber#?@% Wﬁ“n g@ spi ke wheels contact the “wet' printed
surface and ContQmﬂﬁﬁmhﬂEm@m$h50$hﬁﬂkwﬁﬂﬂdhﬁﬁﬁdHhﬂmﬁﬂﬁﬁﬂﬁg&hﬁw&hﬂM pri nt

engi ne 60 e il 09 e e paper 604 passes fromthe
dupl exed éﬁintfg 1!nes 6ﬁ£ﬁ%£§ﬁg%§m§%%3%%ﬁ Eﬁnder assenbly 605. The

printed page pas$BsPHEMEEe stheprssdlesspption aydheompresgthegrasterized page image.

The main processor stores cach compressed page image in memory. The simplest way to load-balance
multiple DSPs is to let each DSP rasterize a separate page. The DSPs can always be kept busy since
an arbitrary number of rasterized pages can, in general, be stored in memory. This strategy only leads
to potentially poor DSP utilization when rasterizing short documents.

Watermark regions in the page description are rasterized to a contone-resolution bi-level
bitmap which is losslessly compressed to negligible size and which forms part of the compressed page
image.

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

The main processor 750 passes back-to-back page images to the duplexed print engine
controllers 760. Each print engine controller 760 stores the compressed page image in its local
memory, and starts the page expansion and printing pipeline. Page expansion and printing is pipelined

because it is impractical to store an entire 114MB bi-level CMYK-+IR page image in memory.
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670 with a fibrous support roller and another novable axle wth spike
wheel s and a nonentary action glue wheel. The novabl e axl e/ gl ue assenbly
673 is nounted to a netal support bracket and it is transported forward to
interface with the powered axle 670 via gears by action of a canshaft. A
separate notor powers this canshaft. The gl ue wheel assenbly 673 consists
of a partially hollow axle 679 with a'rotating coupling for the glue
supply hose 641 fromthe ink cartridges7627. This axle 679 connects to a
gl ue wheel, which absorbs adhesive by capillary action through radi al

hol es. A nol ded housi ng 682 NPX022-SG 55 surrounds the glue wheel, with an
opening at the front. Pivoting side noldings and sprung outer doors are
attached tg the net al _bracket and hi nge out sideways when the rest of the
assenbly 6732 s (PRINGENGINE GPNIRPHER Thi s acti on exposes the gl ue wheel through

the front of the mopageekpheiss biprf@ pipliaie S B8 prif Pigid o6l 36 Johdstsasaendl y
and effectj.ye dur| i inacti.v ) t he
sheet 604 if)lgh Lsp\eésdcllﬁﬁ]?%&?ﬁ%ayweeace%gg asse ﬁ%d %{%?dﬁé‘%‘?% r%'}éélplégfs‘i ed to
one vertiéupdeedfd orrusidre lﬁkﬁmﬂ/compgbeor( apares, far ot eagl progder SiGet 1ok a

docunent ) ﬁgdemomilaaertuﬁi@f@;%gaaa&oﬂmaée%@m thoMerdlr LR AEpE Dl y 605. 7.2
PRI NTER CONTROLLER ARCHI TECTURE The net pa [grl nter controller consists of
A

a control ling prdEe@hngipseontro]le %ﬁ?t"@‘l"rﬁiesllﬁéfl le byfferqgymangeg | Whik eag ribd s d
net wor ki nlogdell agCDRIMU6E via 22, high sheadl bediall intBE 639V BE phelibdR6REM AL SR Ol | er

753, basepan it 75 ircuit 755 sonat or nd i nductors
756), dual Rragﬁé#{%bjandémsedmu (Eh Tt epae chige er?ﬁ’giedﬁ"ﬁ ?(%aée%i’? HEtedngi ne
controll ermﬂm@emwuﬁ@@bedla‘ﬁnashwmbnmﬂ}cr@@@ls loaded. 64MB of DRAM 657, as
illustrated in Fqﬁyﬁst sla@e oFﬁl@FﬁaElBE "eﬂJaﬁds@zQ 784)QeCHEE!, oﬁa&@d%ﬁm&ﬁmcat' on

w th the network w rel ess net page pens 101, senses the
hel p but t oY G fiEan (5?‘it7?4élﬂ’§q‘fﬁ‘84|§§’i§‘f°mpﬁf58"r'¥‘ée(¥‘é‘blféﬁéyeﬁ L rgnrlgrs (a4 Af) the Bleds and
synchr oni zleel tdyegdRhPlaRBRording toamiagaﬂoinﬁt defifkg il &cteAN12l A ih Qérdllell G seldnd CONSI St S

of a mediu el's c ean%omogle:? ¢ brlevel bla aontrolllng
pr ocessor %69?{){%%?3}%%‘% eyp 3 Nt e {)%%g)g%n?l FII-E?FEF%(‘T’W a a
hi gh- speedhe &stltis %@EIGQMYK‘FP@' FiihP f@@!ﬁst bié@'@leﬁﬁmﬂgndbt cletapy bebreg age

descripti %ﬁnaﬁt&i (Bth@‘?)riﬁipﬁﬁtgﬁ oR thk MeﬁfetTﬁprﬂQMS6$ﬁ%%tgpﬂﬁ bRk Bibst ofRGD Pri Nt
englne Con er exp and dithers and prints page 1 nmages toIts

associ at ed1 &t Wtﬁf“} ‘Ht@?é’ngh’BM T pal fti‘gﬁ'@“’ttf the six ghangslyef biggreldofes per
mnute). The @Eepdigpeetivert ht Meajpgh mthemtsm @b the pdnthesd iRbribo169. Si des of a sheet
si mul t aneousl y. flv'HIe nast.er r| nt en e gontro l er . 760a,.control s the paper

transport and monit Ib?egerlalrﬂ?n TERHET e Eolfl’ FRCEFOR Wisth SPhe® ihd 8¢ chi p
665 and t hrenfigyfatieng they arg g}@cl@ng(hmp a?ﬁ‘ﬁled line sync signal 770. Only one print engine 760,

selected via the external master/slave pin 771, generates the line sync signal 770 onto the shared line.

The print engine controller 760 contains a low-speed processor 772 for synchronizing the
page expansion and rendering pipeline, configuring the printhead 350 via a low-speed serial bus 773,
and controlling the stepper motors 673, 676.

In the 84" versions of the netpage printer, the two print engines each prints 30 Letter
pages per minute along the long dimension of the page (117), giving a line rate of 8.8 kHz at 1600
dpi. In the 12” versions of the netpage printer, the two print engines each prints 45 Letter pages per
minute along the short dimension of the page (81%”), giving a line rate of 10.2 kHz. These line rates
are well within the operating frequency of the Memjet™ printhead, which in the current design
exceeds 30 kHz.
CONCLUSION

The present invention has been described with reference to a preferred embodiment and
number of specific alternative embodiments. However, it will be appreciated by those skilled in the
relevant fields that a number of other embodiments, differing from those specifically described, will
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The printer controller's flash nenory 658 holds the software for both the
processor 750 and the DSPs 757, as well as configuration data. This is
copied to main nenory 657 at boot tine. The processor 750, DSPs 757, and
digital transceiver conponents (transceiver controller 753 and baseband
circuit 754) are integrated in a single controller ASIC 656. Anal og RF
conponents (RF circuit 755 and RF resonators and inductors 756) are
provided in a separate RF chip 762. Thg network interface nodule 625 is
separate, since netpage printers allow the network connection to be
factory-selected or field-selected. Flash nenory 658 and the 2x256Mi t
(64MB) DRAM 657 is also off-chip. The print engine controllers 760 are
provi ded |§ ﬁ?arate ASI Cs. A variety of network interface nodul es 625 are
provi ded, ¥R BEHY P aad sraresh g PRl ericsciegrdngly, Vil bF pidesiped®at 751 and
opt i onal | ytha ilvegiah iscembitthdsd t0be ﬂiﬁit&mﬁ) khe $ptafecf @bodihinds de&d%ﬂaigahméswr K

| nt er net e ax. ( abl e
roders, 1 SR i peldif Sl oo RAETS Rl s AP 7RI TP Sl
next-gener§W¢%muﬁﬁﬁﬂﬁm@@bx@ﬁ%ﬂ#ﬁﬁ@ﬂ@&anscelvers, and wireless |ocal |oop
(W.L) transceivers. Local interfaces include | EEE 1284 (parallel port),
10Base-T and 100Base-T Ethernet, USB and USB 2.0, |EEE 1394 (Firewire),
and various energing hone networking interfaces. If an Internet connection
is available on the local network, then the |ocal network interface can be
used as the netpage network interface. The radio transceiver 753

communi cates in the unlicensed 900MHz band nornmally used by cordless

t el ephones, or alternatively in the unlicensed 2.4GH industrial,
scientific and nedical (1SM band, and uses frequency hoppi ng and
collision detection to provide interference-free conmunication. The
printer controller optionally incorporates an Infrared Data Association
(IrDA) interface for receiving data "squirted" from devices such as

net page caneras. In an alternative enbodinent, the printer uses the IrDA
interface for short-range communication with suitably configured netpage
pens. 7.2.1 RASTERI ZATI ON AND PRI NTI NG Once the main processor 750 has
received and verified the docunent's page | ayouts and page objects, it
runs the appropriate RIP software on the DSPs 757. The DSPs 757 rasterize
each page description and conpress the rasterized page i mage. The nmain
processor stores each conpressed page inmage in nenory. The sinplest way to
| oad-bal ance nmnultiple DSPs is to |let each DSP rasterize a separate page.
The DSPs can al ways be kept busy since an arbitrary nunber of rasterized
pages can, in general, be stored in nenory. This strategy only | eads
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to potentially poor DSP utilization when rasterizing short docunents.
Watermark regions in the page description are rasterized to a
contone-resolution bi-level bitmap which is |osslessly conpressed to
negligible size and which forns part of the conpressed page imge. The
infrared (ER) | ayer of the printed page contains coded nel page tags at a
density of about six per inch. Each tag encodes the page ID, tag ID, and
control bits, and the data content of sgeach tag is generated during
rasterization and stored in the conpressed page i nage. The main processor
750 passes back-to-back page images to the dupl exed print engine
controllers 760. Each print engine controller 760 stores the conpressed
page image in its_|local nenory, and starts the page expansion and printing
pi pel i ne. Page e%pAR4i on and printing is pipelined because it is

i npractical. to sAafihodRf emblidyeusc lidibBtibn wite @hpuleMdfthR rdRAGE it ARGSEputed MENDIY.
NPX022-SG;¥J {iz- 2 PRINT ENG NE CONTROLLER The page expansi on and printing
pi peline o Fhe” print engine controller 760 consists of a high speed | EEE
1394 serial i ntehf e SRtee bl AIRL ARG P 008l 8210 LATMAL S O OUP 4
Fax decoder 764, a custom hal ftoner conp05| uni't %’ a cus on%tag
encoder 76®dedslapndicative pfadest ifldpmdat t er unit 767, and a custominterface 768
to the Menjet TM pri nt head %W The print englne controll er 360 operates in
a doubl e buf f er et HEAgHERC afiRief 19 SR SHYR Ve [riRranich RegrrRRMSTESIY| 4 t he
hi gh speedhsendigldetigatiemfotiesesby devidaeof e GaneaytR] the deming @elicpaden plsed @asgl from
DRAM 769 qﬁ@g%&ﬁgmgﬁmgggﬁmgl 2RLLAL.. engine control | er pipeline. Once the

page has flnlshed printing, the page just |oaded is printed while another

page is |oaded. The $jdksk sk 286 oftfic i dpkpel i ne expands (at 763) the
JPEG conpressed contone CWK | ayer, expands (at 764) the Group 4

Fax- conpressed bi - | epadraiilimieckting ayemdicaincbfiRRaeies, {at 766) the bi- |evel
net page tag | ayer according to the tag format defined in section 1.2, al
in parallel. The secznaatesstlageond pinnsegen(data and}yitiénhieta ghbeaeenCGMékeih@yer and

conposi t esy,ialive@ e sLtQiﬁg E)e!wcl: ?iﬁgxlem]pllt A6kl t@%ﬁ dntB-Ya@J sm‘fgag %h{{%?l#&ﬂt Ja@%g‘ﬁ | -Tevel

CWK | ayer. The resultant bi-Ileve ot data 1's ere
f or mat t ed Ie%ﬁﬂﬂ‘m‘i)hefea?maﬂewmﬁmgﬂ%ﬁel%t%toM@ﬁ!}tﬁaqﬁw}w&w nthead 350 via a set of
| ine buffers. line buffers are stored in the off chip DRAM -

The final stage %?Tﬁ??"? im%w&“?ﬁ ﬁ§F§mﬂPwHV“F%vel dot data (including

fixative) to the %ﬁﬂ t [ 320 vi,a.the printhead interface 768.
When sever%. prln gi%gh%%ﬁ? 1%?%%?%§dare used in unison, such as in a

dupl exed nf i gy, t v | Sync
si gnal 776£pCth gﬁ%&g??ﬁ?ﬂiﬁgﬁﬁg‘%%%%gﬁgg'egﬁﬁy v?gﬁﬁﬂgégg?é

mast er/ sl aye pi Nidehdiding @€ R RldGRmicendida R as¥.Akd Si gnal 770 onto the shar ed
i ne.

(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 text field.

2. The method of claim 1, further including the step of receiving, in the computer system, the

sensing device identifier.

3. The method of claim 2, wherein the step of receiving, in the computer system, the sensing
device identifier comprises receiving the sensing device identifier as an encrypted sensing device

identifier.

4. The method of claim 3, wherein the encrypted sensing device identifier is encrypted using
NPX022-SG



The print engine controller 760 contains a | ow speed processor 772 for
synchroni zi ng the page expansi on and rendering pipeline, configuring the
printhead 350 via a | owspeed serial bus 773, and controlling the stepper
notors 675, 676. In the 8%" versions of the netpage printer, the two print
engi nes each prints 30 Letter pages per mnute along the | ong di nension of
the page (11"), giving aline rate of 8.8 kHz at 1600 dpi. In the 12"
versions of the netpage printer, the tago print engines each prints 45
Letter pages per mnute along the short dinension of the page (8%"),
giving a line rate of 10.2 kHz. These line rates are well within the
operating frequency of the MenjetTM printhead, which in the current design
exceeds 30 kHz. CONCLUSI ON The present invention has been described with
reference PEPHPRIRrred enbodi ment and nunber of specific alternative
enbodi nents. However, it will be appreciated by those skilled in the
relevant fields that a nunber of other enbodinents, differing fromthose
specificalkly desgyli by J: - 8 also fall within the spirit and
scope of t%e_preggﬁgﬁﬁ%3@%%#%ﬁ&ﬁ§%§%?%$%g?§?m¥tmaff?n%%rﬂﬁggﬂ?fgg €t hat

t he i nvent fi® idgntifigscomnnises iegeiving e dsesingidprice ddgntifier vigreradplcsidnisisatbodi ment s
described in the present specification, including docunents i ncorporated
by cross-reference as appropriate, The scope of the invention is only

limted by, the attache ai NPX022- SG 59 CLAIMS 1. A nethod of
enabling uger int&rae ?%t?flavl?nl ﬁh%r%‘ﬁgﬁfta’r"%%?“f%Pl SRR STR bp sesiput er

syst em vi adevignidintifiesicorenriess sageifingibe Swim dévive igntifiad i avelby denicd @hmddditng t o t he
conmput er  sREkWaS.a I lcRG M ng coded data indicative of a text field; and
a sensing device adapted'to store a sensing device identifier which is
adapted to distinguish the sensing device from other sensing devices of

t he sanme type, the sensing. device, when placed in an _operatjve position
relative t% t he |ﬁfgg?%§§ggﬁ$F§€§9Q&§%ﬁ§§é%m?@ﬁﬁ?ﬁ§ﬁﬁ%mﬁpmfﬁﬁicoded dat a,
generates indicating data indicative of the text field, and generates at

| east one of novenent data and position data, the novenent data being

i ndi cativeg.of theesRmst BLIARY] GiRreh HOVRNEAvid-S) Aldidi8o Like 1RSiRE &LLaCE

sur f ace, tge.position dat a beLn% , )
identifier in a non-volatile memory in the sensing device.

9. The method of claim 8 wherein the non-volatile memory is a read-only memory.

10. The method according to claim 1, the method further including the step of, in the computer

system, performing text recognition on the handwritten user input, thereby to generate computer text.

11. The method according to claim 1, including the step of sending, in the computer system,

data to the computer software indicative of at least the text field.

12. The method according to claim 1, wherein the text field is associated with a visible text

zone defined on the interface surface,

13. The method according to claim 1, wherein position elements are disposed on the interface
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i ndi cative of the sensing device's position relative to the interface
surface; the nethod including the steps of, in the conputer system (a)
receiving the indicating data fromthe sensing device; (b) receiving at

| east one of the novenent data and the position data fromthe sensing
device; (c) identifying the text field fromthe indicating data; and (d)
operating the conputer software at |east partly in reliance on at |east one
of the novenent data and the positiongdata, and in accordance with
instructions associated with the text field. 2. The nmethod of claim 1,
further including the step of receiving, in the conputer system the
sensing device identifier. 3. The nethod of claim2, wherein the step of
receiving, in the conputer system the sensing device identifier conprises
recei vi ng fYfacesBn stiRg Qweq begicendighpd fooeriodisallypense pesifion elemenisas it irgpseietoi ce

i gent i ]1: i er meé.theTﬂaﬁ:imEd;ﬁs& iBfut eﬁtﬁgm(;%acagg@ggmd LR8N ME YRS @%eﬁ&ﬂ%g n]_gr hdevi ce
identifier_is encrypt usin - an encryption key. 5,  The

met hod of Ié]f)‘éefnre#%?tx%ntgerfgrlmnc’ftaﬁ%’“ss‘ffé&ﬁ SPing &isr I THgon %‘B‘E sr‘fgj""]"é Bﬁ%ﬁﬁ?@myst em

t he sensi niylatiiedijpiecnicaterittlief sewsing clevigsr dverat@ner eideicspean dp stHensts@n S g pokitioh ce
identifierguhaia radio frequency signal. 6. The nmethod of claimb5, wherein
the step of receiving, in the conputer system the sensing device
identifier conprises receiving the sensing device identifier via a rel ay
devi ce adapted to receive the radio frequency signal. 7. The method of
claimb5 orl14, whersitn fdiendbhgi Berf inegetion ojh shghet sitsvai Biningtipatcbmsignal . 8.
The methodggf ¢laim1, wherein the sensing device is adapted to store the
sensing device identifier in a non-volatile nenory in the sensing device.
9. The met hod of ,fh@im S ebdlidhotiiE QR MR AL ' . -only
menory. 10. The nethéglaccosﬁfééFﬁo c?gﬁﬁgﬁ%g%ﬁ%%ﬁgﬁﬁg% ?d??ﬁ%%ﬁﬁﬂéluding
the step of°ded Rty ptnentfield: st em performing text recognition on the
handwitten user input, therepy to generate canputer text. 11. The mnet hod
according to claf AP fHer ﬂ’é‘l(’ﬁr)igwhf?ngg%e? é'ba’bf’pe?g?r%?oﬁ‘é‘?n Teﬁ‘t“f%té '%‘}o‘ﬁﬁ CBr
system dewfecet o t he conputer software indicative of at |east the text
field. 12. The nethod according to claiml, wherein the text field is
associ ated with a vi¥nt#lepssame obhpwddedriened on the interface surface. 13.

The net hod according to claim 1, wherein position elenents are di sposed on
the interface NPX022%&gsates indicating data indicative of the text field, and

generates 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;

the computer system being configured to:

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

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

() identify the text field from 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 text field,

wherein the sensing device is further adapted to store a sensing device identifier which is

adapted to distinguish the sensing device from other sensing devices of the same type.

15. The system of claim 14, wherein the computer system is adapted to receive the sensing

device identifier from the sensing device.
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61 surface, the sensing device being configured to periodically sense
position elenments as it is used to wite the handwitten user input onto
the surface, the nethod including the step of generating the novenent data
in the formof a |locus of the sensing device in relation to the surface by
ascertaining relative displacenment of the sensing device over tinme with
respect to at |least one of the position elenents. 14. A systemfor
enabl i ng user interaction with conputeg software running in a conputer
systemvia: an interface surface containing information relating to the
conput er software and including coded data indicative of a text field; and
a sensi ng device which, when placed in an operative position relative to
the interface surface: senses at |east sone of the coded data, generates

i ndi cating data indicative of the text field, and generates at |east one of
novenent data an ositi .data, the novenent daja_bein i.ndi cative of the
sensing d e\?ﬁt ‘ce's q‘?f%\?%?rr% ch Te Iqén Vhyismy e FRUPT VLTS S oderst) t“g’ﬁ&eé",e hertErsPBsi t i on
dat a bei ngdevichidpntifieriay e cofryptddeersiendivingidebgfiirce’' s position relative to the
interface surface; the conputer system being configured to: (a) receive the
indicating data fromthe sensing device; (b) receive at |east one of the
novenment d?}a an%gthe posjtion data fromthe sensing device; (c) identify
the text field frEWIHeichn Cathermy tratgyrtedsanspg fevisp deniifer it perveteshisioe er
software aanchegsibnigartly in reliance on at | east one of the novenent data
and the position data, and in accordance with instructions associated with
the text field, wherein the sensing device is further adapted to store a
sensing device identifier which is adapted to distinguish the sensing

devi ce frolf ot heFhesuyrs lgplaeF cdbgreisfihe qompuies estemyip edapted to Fisive thestreime of ¢l ai m
14, wher ei @evicdidentifdiidla eddioTGleBiPsictal. adapt ed to receive the sensing device
identifier fromthe sensing device. NPXO22-SG 62 16. The system of claim
15, wherein the conputer systemis adapted to receive the sensing device
identifier as an encrypted sensing device identifier. 17. The system of
claim 16, Wher ei Fretsicrericstamp i b dvhsiein sherngmpkaerispsem il edubied fogeceivs tenasypt ed
using an &Res WRkiE® Niak @Yy device adapted to receive the radio frequency signal.

20. The system of claim 18 or 19, wherein the radio frequency signal is a Blueiooth signal,

21. The system of claim 14, wherein the sensing device is adapted to store the sensing device

identifier in a non-volatile memory in the sensing device.

22. The system of ¢laim 21 wherein the non-volatile memory is a read-only memory.

23. The system according to claim 14, wherein the computer system is configured to perform

text recognition on the handwritten user input, thereby to generate computer text.

24, The system according to claim 14, wherein the computer system is configured to send data

to the computer software indicative of at least the text field.
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18. The system of claim 15, wherein the conputer systemis adapted to
receive the sensing device identifier via a radio frequency signal. 19.
The system of claim 18, wherein the conputer systemis adapted to receive
the sensing device identifier via a relay device adapted to receive the
radi o frequency signal. 20. The systemof claim 18 or 19, wherein the radio
frequency signal is a Bluetooth signal. 21. The systemof claim 14, wherein
the sensing device is adapted to storegthe sensing device identifier in a
non-vol atile nenory in the sensing device. 22. The systemof claim 21
wherein the non-volatile nenory is a read-only nenory. 23. The system
according to claim 14, wherein the conputer systemis configured to perform
text recogpition_on the handwitten user input, thereby to generate

conput er text. 2&he syHin agardingrio iy L4 ivherein de dixaivld i assogiitedvath visie lewnput er
system i s saaldigedroachetiterientfdata to the conputer software indicative of
at least the text field. NPX022-SG 63 25. The system according to claim 14,
wherein the text field is associated with a visible text zone defined on
the interface surface. 26. The system according to claim 14, wherein

posi tion efenent Shegydenicaqdingdd claim Itthehejemt resifiaclements ard dipesed tiige mersE ng

devi ce bei agad0mé kegdilofdviboel lcbi®idhrbBio | pricdRAE GeROBdskibP Nerfh€ TBRESs@So 1 T 1S
used to wite t handwritten us i nput onto the surface, the system

e r
bei ng conf Wﬁtﬁrﬂgdﬂ’f’%“’é@héﬁeéfn@mt??@ g‘?rﬁ\')@ﬁ"eﬁ‘le WS OFipe eSSy it a5t tecus of
t he sensi ngodmeit dga innberfodradfia drtud o theBensisglddviae @ rblytion SOy dudhcd b @cerk@ingt | Ve
di spl acenepnt,..of . i i.ce over.tine with. r ect to.at |least one
of the pos%%?‘%ndlgp{ea%en}%iln%rr}iirél{.l %‘g&g?ﬁgceso&%t%ﬁ m nglrmsgﬁcéttﬂ %E%Stuoél‘% r iOtlh‘F’l EFS2%ti on
with conputl@eéoftware running in a conputer system the systemincl uding:
an interface surface containing information relating to the conputer
software and including coded data indicative of a text field relating to

t he conput software: the st em. bei configured to, in the conputer
syst em (a?irecelhﬁesysl%r?ldlof:g aﬁ%ﬁ uéﬁétmgmfcrg%m“” cé’g’glg?rrf&ﬁ%‘“\ﬁmé“é“,g B ASTRH cat i ng

dat a bei ngsyitemithearsiopdnchfdinghe text field, wherein the sensing device, when
pl aced in an operative position relative to the interface surface: senses

at | east some of atiMfErfassyEre autaiping dnformption eddatingle thegerhruter fofiareland dncluding]
gener at es @ted da@a sidic@ive oQfiexdBIERRINM 1k @maie spstd | on data, the novenent
dat a bei ng
the system being configured to, in the computer system:
(a) receive indicating data from a sensing device, the indicating data being indicative of the
text field, wherein the sensing device, when placed in an operative position relative to the interface

surface:
senses at least some of the coded data,
generates the indicating data, and

generates 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;

() receive the sensing device identifier from the sensing device;

(d) identify the text field on the basis of the indicating data; and

(e) 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 text field,
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i ndi cative of the sensing device's novenent relative to the interface
surface, the position data being indicative of the sensing device's
position relative to the interface surface; (b) receive at | east one of the
novenent data and the position data fromthe sensing device; (c) receive

t he sensing device identifier fromthe sensing device; (d) identify the
text field on the basis of the indicating data; and (e) operate the
conput er software at |east partly in rg@liance on at | east one of the
novenent data and the position data, and in accordance with instructions
associated with the text field, NPX022-SG 64 wherein the sensing device is
further adapted to store a sensing device identifier which is adapted to
di stinguish the sensing device from other sensing devices of the sane type.
28. The syst em o *Eihhfeasme dipfes i furhar péaried iptorcer scayps deviseiidengfisnpidis t o

recei ve t helagehs ispeuitheheisaring defat frérh ahier banaip dehiees sARShLAGyslevi ce. 29. The
system of claim 28, wherein the conputer systemis adapted to receive the
sensing device identifier as an encrypted sensing device identifier. 30.
The system of claim29, wherein the encrypted sensing device identifier is
encrypt ed #si ng Thersydmteiqin gh wespin tjcomiter sgsjent is adapted & radeive B8 sengingr ei n t he
conput er sisieintifieradaMe0&hsihodkesLei ve the sensing device identifier via a
radi o frequency signal. 32. The system of claim 31, wherein the conputer
systemis adapted to receive the sensing device identifier via a relay
devi ce adapted to receive the radio frequency signal. 33. The system of
claim 31 0% 32, WWeytdmofdipgm 2&diberedrtiequemey sgtegniakdaped & Bletretoatdiingi gnal .
34. The sysletushingbédnthdhed MAGELRedilfn&ENsi ng device is adapted to store
the sensing device identifier in a non-volatile nmenmory in the sensing
device. 35. The systemof claim 34 wherein the non-volatile nenory is a
read-only nenory. 36. The system according to claim 27, the conputer system
bei ng confiogur edTheoysperd crim 20 exltercinrtecagRitddi seRing devich Bedbfierddntd fi@usiis er

i nput, thq&%gyvﬁﬁhgg.nerate conputer text. NPX022-SG 65 37. The system
according to cllaim 27, the conputer system being configured to send data to
the conputer software indicative of at least the text field. 38. The system
according to claim 27, wherein the conputer systemis configured to send
data to the conpdispensSefclaw@p® wWherdih @RidoMutdd fsysbn ik BRBbd foheelv ik sénkig) d.

device identifier via a radio frequency signal.

32. The system of claim 31, wherein the computer system is adapted to receive the sensing

device identifier via a relay device adapted to receive the radio frequency signal.

33. The system of claim 31 or 32, wherein the radio frequency signal is a Bluetooth signal.

34, The system of claim 27, wherein the sensing device is adapted to store the sensing device

identifier in a non-volatile memory in the sensing device.
35. The system of claim 34 wherein the non-volatile memory is a read-only memory.

36, The system according to claim 27, the computer system being configured to perform text

recognition on the handwritten user input, thereby to generate computer text.
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39. The system according to claim27, wherein the text field is associated
wth a visible text zone defined on the interface surface. 40. The system
according to claim 27, wherein position elenents are disposed on the
interface surface, the sensing device being configured to periodically
sense position elenents as it is used to wite the handwitten user input
onto the surface, the system being configured to generate the novenent
data in the formof a |locus of the senging device in relation to the
surface by ascertaining relative displacenment of the sensing device over
time with respect to at | east one of the position elenents. N PX022-SG

37. The system according to claim 27, the computer system being configured to send data to

the computer software indicative of at least the text field.

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

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

39. The system according to claim 27, whetein the text field is associated with a visible text

zone defined on the interface surface.

4. The system according to claim 27, wherein position elements are disposed on the interface
surface, the sensing device being configured to periodically sense position elements as it is used to
write the handwritten user input onto the surface, the system being configured to generate the
movement data in the form of a locus of the sensing device in relation to the surface by ascertaining
relative displacement of the sensing device over time with respect to at least one of the position

elements.
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