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PAGE FI ELD OF I NVENTI ON The present invention relates generally to

di stributed conputing systens and, nore particularly, to a system and

met hod for providing a copy of a page froma printed docunent. CO PENDI NG
APPLI CATI ONS Vari ous net hods, systens and apparatus relating to the present
invention 10 are disclosed in the foll gw ng co-pending applications filed
by the applicant or assignee of the pré‘sent i nvention sinmultaneously with
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PCT/ AU00/ Qfde@RentPCT/ AUO0/ 00567, PCT/ AUOO/ 00568, PCT/ AU00/ 00569,

PCT/ AU00O/ 00570, PCT/ AUOO/ 00571, PCT/ AU0O0/ 00572, PCT/ AU00/ 00573,

PCT/ AU00/ 00574, PCT/ AU0O0/ 00575, PCT/ AU0O0/ 00576, PCT/ AUO0/ 00577,

PCT/ AU00/ 00578, 25 PCT/ AU00/ 00579, PCT/ AU0D0/ 00581, PCT/ AUOO/ 00580,

PCT/ AUD0/ 00582, PCT/ AU00/ 0059rPEPRING ARRIJSAT IONST/ AU0O/ 00589,

PCT/ AUO0O/ 00583, PCT/ [ 0059 1 AUQO/ 00591, :
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PCT/ AW00/ Qipbigelosed th MdORI16@ a0 AT BPTiORRAS filedy tREASpNBRY R0 dnee30 The

di scl osures of these co-pending applications are incorporated herein by
cr oss- r ef &f#iduesent mverneREUDeTedy withshepresend sppticptiovi des a paper - based

user i nter{ ace 9, ighhi-SBTATHIRIRS OB SEASHNRRST VI ces. On

occasion, users 0 e néf page systemw ainh’copi es of pages 5
of a printed dFEUHERIOFRHVCHAF YOS hBCHAUPYUYPSE2S PST/AHPV/BEMVARY OF | NVENTI ON

PCT/AU00/00527, PCT/AU00/00528, PCT/AU00/00529, PCT/AUG0/00530,
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30 The disclosures of these co-pending applications are incorporated herein by

cross-reference.




It is an objective of the present invention to provide a new system and

nmet hod for providing copies of pages of a printed docunent and in
particul ar, copies of pages 10 of an interactive docunent. The present

i nvention provides, in one aspect, a nethod of providing a copy of at |east
one page of a printed docunent, the docunent including coded data
indicative of the identity of the docunent and of at |east one reference
poi nt of the docunent, the nethod incldﬁing the steps of 15 receiving, in a
conput er system indicating data froma sensing devi ce operated by the
user, said indicating data regarding the identity of the docunent and a
position of the sensing device r e BAGKEGROUNBe docunent, the sensing

devi ce, when pla i n Qperative.position,relative to.the do t,
sensi ng the indi c%?iljlr?gj aggtsé'g%gll R ?eosl 8 RqpeBassd oyset Hgteg%‘&?ego dﬂﬁ’ﬁgﬁéo

i denti fyi ngfdrmatirearsDitidcEive SMSicedn and fromthe indicating data, a request
for a copy of at |east one page of the docunent; and transmtting, fromthe
conput er syst em Ongalceasion, uskye afithetnetiaiga systemtwillewsit toolgtajordopiesroftpagesf f ect
printi of. the c of the at.]east one page. In a further aspect, the
inventi%gn ﬁmﬂ%g%u}?ﬁmavg?dﬁ%lﬁmeéﬁ% of at 25 | east one page of
a printed docunent, the docunent including coded data indicative of a
request for a copy of the at |east one page of the docunent, the nethod

including the steps o recei ViSUMMARY OPINVENTIONStem data from a sensing
devi ce operated by the user regarding the request, the 30 sensing device,
when placed in al1bpeeliestive of 4 nressat myprlione preyidhanemw sysienand sethadng 3

the data r ! i t, |l east. sqne of.the coded_.data; and
tranan 1t 1 DOBRHdE bfte! SANESE oHE LA aor BREY SRR sRlishE GRS YORRE | oact
one priidnt esf ahantefabged dguiehi. ng of the copy of the at | east one page. In a

further aspect, the invention provides a nethod of providing a copy of at 5
| east one page ofhapssenitention presides, inhenedspestenmethod| efdiragdingdecbpyat a

i ndi cati ve_of request for. a co f the at | east one page of .the
docunent , qfﬁ%t _thglae PReS l?éiahanp%é g?cé‘[%en& {h@c ?C\W}‘?ﬁp ‘?‘ﬁu‘ﬂn%cﬂ‘?ﬂ?f{]éiﬁtasyst em
data fromiadisaie SOtEaHERRy QPhAHEAmMA: LHE SR edsEIRE ﬁ]fg&@%éﬁ oih€gpaRt and

regardi ng novenent of the sensing device relative to ocunent, the
sensi ng delpcemeniviemmetbadiicludingtthe stepoot he docunent, sensing the data

regar gi ng the re%uest usi ng.at | east some of the coded data and gener ating
the ddPa regar di IYGEWVIE S (FBTEBHIERSYSlematindisating dald Hewy AetSIE ndiGsr et i ng,

e 1 gt By Hoditer, 38 BN BRI, REaldify BESRIAG, P RedBpSRlina | N9

t he reque and "15 transmtti ng, er system evant

docunent dabsiich@fdic sersifg donies RlatNt 6 thedoeihan! thpkémingkvivk, When glagad of the
at | east one page. In yet a further aspect, the invention provides a nethod
of provi dilRgNLPERBYE PrsiEen relalie iontke deganert, senping the ihdikstingwlata usingat
docunent i%ky(ﬂﬁggfﬁggﬁ&dd(ﬁaa indicative of an identity of the docunent,

c} Includ e ste

t he netho I'ng t Ps of; 20 receiving, in, a conputer system

data f200m a sensidegtifjfg ieehd edamidengsRh ardeRérh e Rllicahify UHE! 2 ARdest g di Ng
the identity of the docunent and aI{@I east one page Wi?ﬁ%n t’he?égo?:unent, t he

sensi ng deAdop of ehleast enppagernd thindesumsgtiadd ng the identity of the user and
oL e e SRt Wl P Yok, USSR Sl e
printer to effect printing of the copy of the at least one page.
In a further aspect, the invention provides a method of providing a copy of at
25  least one page of a printed document, the document including coded data indicative of a
request for a copy of the at least one page of the document, the method including the
steps of:
receiving, in a computer system, data from a sensing device operated by the
user regarding the request, the

30  sensing device, when placed in an operative position relative to the document, sensing



25 identifying, in the conputer systemfromthe data regarding the identity
of the user and the identity of the docunent and the at | east one page

wi thin the docunent, a request for a printed copy of the at |east one page
of the docunent; and transmitting, fromthe conputer system relevant
docunent data to at |east one printer to effect printing of the copy of the
at |l east one page. 30 In still another aspect, the invention provides a
system for providing a copy of 4 at I1%ast one page of a printed docunent,
t he docunent including coded data indicative of an identity of the docunent
and of at | east one_reference point of the docunent, the systemincl uding:
a conput erths data segarding theequesiitsingnlilenst somy afgheacdded dnta; awhsi ng device for 5

identifying a reguest.. for.a of .at | east —one, page of.the cunment; the
i ndi cating data @%l‘sﬁndttIlnﬁdfr%lgﬁﬁ%éor@?ut?rt‘f’gStF’a“eFﬁl?vtaﬁ}t ‘g}cgjfnﬁﬂt ‘?f%ac@r?ggﬁma%’& a
posi tion ofririéio SABGIPRGLHALYT B8 ch) &f thy & et bhepglrcument, the sensing

devi ce, when placed in an operative position rgl ative to the docunent,
sensi ng t he i ndi boa furthed agpacty thierigveatioh pastidesanmethdd ofi provatieg a dapyaof dthe
conput e$ glﬁsttem bei ng% confi g@rped to transmt rel evant document data to at
10 leas 5t BT pRegoL g prigiedlocumentythe dgcwynent ircludipg cosfed daia 1pdicatszaf agne
page. In } f i i rLQvi r

provi di ng%ghl%:égtpg)rgg € ? q{fetgésf&efg%% °%§§3é%¥Pg‘%p‘%@%‘?‘8 ’ o?ﬁﬁeﬁ%(?ﬁcﬁdgﬁ%%gunent

i ncl udi ng stegpded data i ndicative of a request for a copy of the at |east one
page of the docunent, the systemincluding: 15 a conputer systemfor

recei ving data fYe6%VEEs Ehd cogPder sxstembplatafren dyengingsdaviceaparatidny thee

request, t ! Vi ce, en_placed in. an operative .position relative
Lo the. dociioh RERAEE Rt an R P B B 1R STk AEEP RIS B some
of "t he1@odidusaii thet R2Asi60 ABHES Wik ThEVBdDRIaRTe 66 fHel dLREN Qerfsir RS dhta

rel evant docunent data to at | east one printer to effect printing of the

copy of tHesudingdhe reqnsel yrigeat Rost| someeof theotdded datpavt gereheing rthe dataon

. .provides aes%giitnem for 1ﬁr ovi di ng .a Qri ntcgd docunent, the docunent including
" coded datd°? gifiopa _?Veémin_éﬁ%@svte ¢ B1° dOCRBEYE of at | east one page of the
- document , the syste@ih§Gh sl é&ip@eﬁ@%ﬂ%@%id?ﬂ@eﬁ{&{gfmﬁ%ﬁf%y%&@i&%a from

;_,a sensing device operated by a user, “sal ata regarding equest and
_regar di ng desigeatingtithefeqube; mensi ng device 25 relative to the document, the
sensi ng devi ce, when noved rel ative to the docunent, sensing the data

“regardlhg sai d rEjFEutngsirery the compder sy#am. wlcvankdacument ¢ita [ at Jgapt one
.. ti i i | ati to the d t;
~generati n%rfn'il&t@@ﬁ@ct?ﬁﬂﬁﬁ bf'tﬂﬂ:%@@%{ﬂ? gﬂ}é%ﬁﬁ%?%%%- attve 1o the docunen

t he conput'er system bel ng” confi sai d novenent as

desi gnati ng t he Inegpe Sirthed Ashcbe tHtgnedttioh PusedestOmbthaf sPplovidshey adpy gfocunent
data to at | east one printer to effect 30 printing of the copy of the at
| east one 3Hagget one page of anrintedadnsrment, &Wﬁnenhmcgldmeﬂ detarindicativsr ovi des

e S it AL e QoG o e Rberb T I AAE RS B @ Printed docurent,

t he docunent inc
20 receiving, in a computer system, data from a sensing device regarding an

identity of the user and regarding the identity of the document and at least one page
within the document, the sensing device containing the data regarding the identity of
the user and sensing the data regarding the identity of the document and the at least one
page within the document using at least some of the coded data;
25 identifying, in the computer system from the data regarding the identity of the
user and the identity of the document and the at least one page within the document, a
- request for a printed copy of the at least one page of the document; and
transmitting, from the computer system, relevant document data to at least one
printer to effect printing of the copy of the at least one page.

30 In still another aspect, the invention provides a system for providing a copy of



indicative of the identity of the docunent, the systemincluding: a
conputer systemfor receiving froma sensing device data regarding an 5
identity of the user of the sensing device and the identity of the
docunent, and for identifying, fromsaid received data, a request for a
copy of at |east one page of the docunent, the sensing device containing
the data regarding the identity of the pser and sensing the data regarding
the identity of the docunment using at |'tast sonme of the coded data; the
conput er system being configured to transmt relevant docunent data to at

10 | east onelf%rinter to, effect printing of the copy of the at | east one
page. BRI Bt ‘p455eng pagecii agprinteshdpauamsnbtBe dpeusarns inehiskingeodsdislets indisetéveot t he

i nvention yll: e ' b nop-limtin xampl e onl.y, with
ref erence etﬁ!og‘nt lﬁg&g% 2’ g F[r% a@n@?ﬁ%ﬁ%ﬂgﬁ fn%@%(asfémv\ﬁ ?eéﬁn:ce fgmli'i%g g}ee@uf“gma ke
schemat i ¢ @fstetn inblRdin@t at i onshi p between a sanple printed netpage and its:
online page description; Figure 2 is a schematic view of a interaction
bet ween a net pag@ opBwutes sislepape regeiving indicatingt futay fropn g sessng deyicardior a
net pagezappli.cati on server; Figu 3 illustrates col | ecti.on of netpage
server 5_5 an _e%t} @rrgqﬁwﬁf E’f 8‘8%’88{"3&63&# APePags oh gY‘*\_/@FR‘T‘e‘ﬁi é}ﬁﬂ%‘iﬂaﬁ}nﬁ d&ta
schemati ¢ pigiddicafivhiod d ﬁ\éﬁﬂity%frtﬁétd%ﬁ?&ft ad Fa\f,&sdaﬁﬁ)ﬁ. &%9%&%1@%@1&&
online page description; Figure 5 is a plan view show ng a structure of a
net page t aglati®e dartke Glotwmentptlensonsiay devivel mdien plaedtih cins bpgpatbet pasitiona set
of the ta%% shown .in Figure 25 5 and a field of view of a neﬁggge sensi ng

device in fakive &0 meoc.ﬂoc A ERIEY mthgmgedaya Pging af Jeaficiemer ofghe godedy i mage
processi ngyAN K i Y of, a

et page. poiranne FoAPhRR SRR b Ronfigit 1o U ELIRELIE U TN |
a per sp@ctlesst orx plinded affeevprirfting e tiredope@E tHee IahMe page.Fi gure 8; 30 Figure
10 is a schemati¢ bl ock diagramof a pen controller for the netpage pen
shown in 6 Fi gt @8l 8 fgther aspert, e wventianspravidey & pestem er prowiding a gopy

wal | - nount rinter: Fgure 12 | section through the.length of
the net'pagcgd%tp!?n ergﬁ%f 2 !gograe pf]f?e%Flﬁﬁ eni’zﬁ’ei §°°§WGBEI1 ‘il gpcé’gf‘ii dﬁpaof

Fi gure..12 ighiewivigofoa feGést @6r Dory 6 tHb Rt REGDRMaBS oPtRNBchBSHARE Ghids Wheel
assenbly; Figure 13 is a detailed view of the'ink cartridge, ink, air and
gl ue pat hsncladiggpri nt engi nes of the netpage printer of Figures 11 and 12;

Figure, 14 is a schematic bl ock di agram,of .a printer controller for the
nla'? Bagg" 'pr: nt er gﬁ%l‘vfmuf:elhsyﬁ}eah égéc:f 1 n%]fltalgonf a alraensmg device operated by a user

regarding the request, the sensing device, when placed in an operative position relative

to the document, sensing the data regarding the request using at least some of the coded
data; the computer system being configured to transmit relevant document data to at
least one printer to effect printing of the copy of the at least one page.

20 In yet another aspect, the invention provides a system for providing a printed
document, the document including coded data indicative of a request for a copy of at
least one page of the document , the system including:

a computer system for receiving data from a sensing device operated by a
user, said data regarding the request and regarding movement of the sensing device

25 relative to the document, the sensing device, when moved relative to the document,
sensing the data regarding said request using at least some of the coded data, and
generating the data regarding its own movement relative to the document; the computer
system being configured to interpret said movement as designating the request, and
being configured to transmit relevant document data to at least one printer to effect

30 printing of the copy of the at least one page.



10 Figure 15 is a schematic bl ock di agram of dupl exed print engine
controllers and Menj et TM pri nt heads associated with the printer controller
shown in Figure 14; Figure 16 is a schematic bl ock diagram of the print
engi ne controller shown in Figures 14 and 15; Figure 17 is a perspective
view of a single MemjetTM printing el enent, as used in, for 15 exanple, the
net page printer of Figures 10 to 12; Figure 18 is a perspective view of a
smal|l part of an array of MenjetTM prirf’ting el enents; Figure 19 is a series
of perspective views illustrating the operating cycle of the MenjetTM
printing el ement_shown in Fi gur&@lS; 20 Fi %_ure 20 is a perspective view of
a short segnent WSt anglsnaspest: Mspreserivinysntionaaddess gysted o1 prayiding ahenat i ¢
view of a r ' [ Gur ' o I.C. Vi of inter
cl ass. i ag ot 835 SlyaPHERr Lhief dsbub BN i e Toddt B "G ¢
24 is a sdhéiomiveofviicderfty anthepiokintait] 08 sydtaﬁmﬂucﬂﬂ%;am 25 Figure 25 is a
schematic view of a docunent and page description class diagram Figure 26
is a schematic vd eqmphicn spwennenrecetdng dtpen ewseasingidsvickadata dégaydingnanFi gur e

27 i hemat i ¢ .vi f..a terninal .el t speci alizat | | i
i gur e D peitny of g B O fe ssmendeich il BieohBaty 5465 dpragiomciorg
di agranm Risireing b @i FREVE Geay b SRt for Qy&ﬁ%d-ef%iln ?Qﬁ@éﬁgﬁ §the

diagram 30 Figure 30 is a schematic view of a
speci al i zalocwnent] the sentizgydange confailing threed:34 regardingsthb édmtitycof/the ws@fand
hyper|inked group class diagram Figure 32 is a schematic view of a form
~ciass di aéF%‘qug %F&aﬁﬁée%%%rlg%aﬂ 1518%%*? the dpcameRrusigqt ffastiomend thy geded
di agram F,guns Sers bl | ' L.al d zation
cl assl agy e AnblcroSERPRBRE SOk EMER o Fabiri ol SN BRLAAR I 78] o0
di agr aifi Hegtiore @dterdo affsaipeitihg of theovppbf thetatdhstbhepskec! ass di agram
Figure 37 is a schematic view of a si%ature field class diagram Figure 38

:‘IS a LI ovvch?rt of an input }B{'?EES‘QEﬁ& PIHRONIOMDRAWINGS8a is a detail ed
( Fi. 38..,10 _Fi 39 1
oo ongski, s b, LRSI o R AR,

schematic view of "a page server conmand _ agr . _ 40 is
-a schemat ivapvberorPim@ileeSQHPIE oSS WithPickRehce 8 Be iRHPARYinEl WiwRgdlinl s a
schematic view of a favorites |list class diagram Figure 42 is a schematic
view of aWidtory |ist class diagram Figure 43 is a schematic view.of a

pyper |15k Fautadt “apkabif S e Brigpip buvesn & sSueraried Gremegndds

- hyperlink oﬁﬁﬁé?@eidggb tiehocol ; Figure 46 is a schematic view of a form
subm ssion pr O[ZQCO| ; Fi gur%mgfaicé a schematic view of a conmm ssion paynent
pr ot ocol ; FHEFALLIFEDsEHERGRE P tePiRfbE BB cANRc PP VRephMPpTGBe?@ Not e:
MemetTMis a trade mark gf Si |l verbrook Research Pty Ltd, Australia. In the
pr ef er r ed "EPEEUPRETETVEr-RBY R RFBARS BPICALULWIYHured to work with the net page
net wor ked { t ad \} ' W C 2wl be
appr oci at S TRt TusHEL TR B bt S e bl o SR L ' o
even rgtst nefwdrke specific details and extensions di scussed bel ow in
relation to the basic system 25 However, the systemis described inits
nost conpfague fdy Wlﬁmaéa iy efvchighderel sirucsyre of parinted metpage andpiteenline
attenpti n%a%%déé@xqéﬁo%tand the context in which the preferred enbodi nents and
aspects o e present invention operate. In brief summary, the preferred
form of t IReguret Ragplad Wedve BRoWTRE 8 ¥Gudue VTR WeRh éﬁ%,erface in the formof a
mapped surface, that is, a physical surface V\%i ch 30 contains references to
a map of thhgure 0ns apknyigvshowiaga relationsbipiwtvesen sysst efithe Tige shevm in Bgure

25 5 and afield 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 8;

30  Figure 10 is a schematic block diagram of a pen controller for the netpage pen shown in




references can be queried by an appropriate sensing device. Dependi ng upon
the specific inplenentation, the map references may be encoded visibly or
invisibly, and defined in such a way that a | ocal query on the mapped
surface yields an unanbi guous map reference both within the nmap and anong
different maps. The conmputer system 5 can contain information about
features on the mapped surface, and such information can be retrieved based
on map references supplied by a sensing device used with the mapped
surface. The information thus retrieved can take the form of actions which
are initig;ed bg t$§.conputer system on behal f of the operator in response
to the oper@f6f ®8™ nteraction with the surface features. 10 In its

preferred ﬁigﬁlen1q@@@gﬁ&ﬁ@@@%@ﬂﬁ%ﬁ&ﬁﬂgc}pfsgee@{&&ucti on of, and human

interaction"with, n ages. These are pages graphi cs and i nages
printed orFigurdilDas y s@ape throlh theMingth sah&ndth ke printe o8Fidive1 Web pages.

I nformation is _encoded on each page using ink which is substantially

i nvi si bl e HigureH@a ihan erdarsad pastion .Flglqiiélg showingwesgetion efnlie dhplextshpritie coded
dat a, n . sen by.an opti,cally imagi ng pen 15 and transmtted to the
net pagg@syeg1 lé%gar?aﬁg?ﬁé’hﬁaeafs%mb form active buttons and hyperlinks on
each page Fgitebs Bld ak@ledwich bhehePBI doptrid6URR] aiir%er%'rﬁé bl f a@mpridte
network or to signal preferences to a network server. 1n one enbodi nent,
text writteagingyohtéindepagepnepsdigires Hutrahid;i cal |y recogni zed and converted
to conmputer. text .in the net e system. 20 allowi ng for to be fjlled in.
In ot her ﬁ%‘gaﬁ#e‘ﬁ@sﬁcﬂeﬁl%l?ﬁ%éél Pééepr%erapoﬁwg%{gér eenetoRgs AEHE A | y
verified, &bkA PRuRsGqHBNEE transactions to be securely authorized. As
illustrated in Figure 1, a printed netpage 1 can represent a interactive

f orm wHi cFigam Heif ial sohemitic bjockhéiagimar ob aupleply privalehyine csontrbBerprandt ed
page, and _"el ectronically", via comrunication between the pen and the

net page sy¥emigt" mrmtheadeisspginted endhile printrezenmirstler shewmin Biguze hing name and

pr i nted udiRge oL aReRHRe b A YRS ERARLIS B Paf bt ags

4 using i nMigmdhlse i nk. The correspondi ng page description 5, stored on the
net page network, describes the individual elements of the netpage. In

parti cul arFigireddde pinsespestive vigpof armingle Meanget™ pristing cleowal, asuseshinh for B
i nter ive 30 elenent (i.e. text fi ~button in the exanple), to allow
t'he'an%ageéa%?th’ﬁ\nFﬁ’agégn%tSW@WS ?‘b}?oef%ret i nput via the netpage. The ~"
submi t butpigie 618 {05 RIPERIR, viRRSoLaZA0MH FarMUrGh &94y 6P RAGHRIMCpdfifgSPAt i al
extent of t%g corresplgen i ng g‘rilaph?ca& ASBI Il ustrat@él |Pn Fi gurgpz, tghe

net page pefenidits; a preferred form of which is shown in Figures 8 and 9 and

described i.n noye.detail] bel ow, works.in con{{unction 5 wi;ith a net page
c

printer 6318WENY At @ sEtes InPRIBRESEVS MiStS HipsHping thec ereratinggigle &ff hece or

nmobi | e us@yegh ?mg)q_ﬂl | j : ni cates securely with the netpage
printer vi aeajésh rt:[]%lgﬁlgéﬂe?lg |§anq:ﬂ(rilzl£g8 e netpage printer 601, a

pr ef er2@ed Higuro20fis avpérefecti®e 8iROVT al shoftisgith@s of 4 phgewlidthaViemE®irinieddi n nore
detail below, is able to deliver, periodically or on demand, 10

per sonal i ZeQTRShdhaprdesatioruigyainaser dassaliagam; br ochures and ot her

publicati ' at._high al ity . as interactive netpages. Unlike a
per sonal ?3?#58?23‘3 Q%%egﬁlﬁg?ﬁlae‘éveo%rﬁrﬁ# rcllqsgd’éiﬁragbpl i ance which can be, for
exanpl e, VRfre 784 Schedii@oRM oftaPerltlAL GRgMAGr € the nmorning news is first '
consuned, such as in a user's Kkitchen, near a breakfast table, or near the
househol d'lgpeidis aschgmptie vigweoffaprappheatidaglass diaglasp cones in tabl etop, 15

deskt rtahl.e and m pi ature. versions. Net es printed.at their point
of coﬁgqj ng:tqglgﬁ Bé 6%?9%@1“@*}%"@3’5@ OCB’é’Emc?Fld;?&%g&gs\ﬁPWPUc gssdiggiMness and
interacti WWitye 96 i i 6l | Loy -Fi - .he net page
pen 101 i ntlgelygctgé@ivf%hﬁhtgﬁgg%gv\d&gg r%)g{tjgﬁg%tnaﬁg p%&?%‘éﬁgﬁ tcglg%gla%ag{ﬁd

conmmuni cattégyre 2F7 s aschimiatie viange artahhioall dletker spdcidizhtidreclasstdiggrarp a 20

net page p;Pi_nter. .The printer 601 sends the interaction to the rel evant
net page pdg@'rs&fiet schemetis view rppalicalsamt spesialgpiapilistda@ie unst ances,

the Page $RENEH0IENUNARO UG RUMLRTNITRIAGF 1O ARRLECAL! On comput er

software running on a netpage app ation server Pre application server
nmay i r8Q urFigieend ia sctemans ¢iewbi G hypsriikiclintgt §icialigatin GhR@dghanpri nter. 25
The net page systemis nade consi derably nore convenient in the preferred
enbodi ment by being used in conjunction with high-speed

m cr oel ect ronechani cal system (MEMS) based inkjet (MemetTM printers. In
the preferred formof this technology, relatively high-speed and

hi gh-quality printing is made nore affordable to consuners. Inits
preferred form a netpage publication has the physical characteristics



30 of a traditional newsnmagazi ne, such as a set of letter-size gl ossy pages
printed in full 10 col or on both sides, bound together for easy

navi gati on and confortabl e handling. The netpage printer exploits the

growi ng availability of broadband Internet access. Cable service is

avai |l abl e to 95% of households in the United States, and cabl e nodem
service offering broadband I nternet acgess is already available to 20% of
these. 5 The netpage printer can also dperate with sl ower connections, but
with longer delivery tinmes and |l ower image quality. Indeed, the netpage
system can..be enabl ed using, exi sting consunmer inkjet and |aser printers,

al t hough tiHguEyd apaschematie Biswata hypedinkpdgropp saes dagiam; her ef ore be | ess
accept abl g;; L i of .view. Il n other enbodinents, the

net page sf;ﬁsl%%rrgn%lbgs %g%%}e}lgﬁéﬁl%gp%rﬁ%g?glais% YEI&t. 1n still other 10

enbodi mentHgure3e ingkdhegRtis YRWINA digi shledagtlisrahngl € conputer or
conput er - enabl ed device, such as a printer. Netpage publication servers 14
on t he netfizige 3das apehikmatie vicorfiafialé dlemontikperiabzationichiss diaglai;y publ i cati ons
to netpage..printers: ,Perj.odi cal. pybl.icatli are delivered automatically to
subscr in‘%i ffdg'ﬁs?’géﬁg%“&qfﬁ{l%?’@w\ﬁ% Fkhoa‘éjgﬂffrﬁgss 48 mul ti casting | nternet
pr ot ocol S-Fié’lﬁ%%@@@ﬁb&ﬁ&aﬁé‘bﬂe\wccﬁtdtgﬂsﬁéﬂ@lagédiﬁgrﬁﬁg and formatted according
to individual user profiles. A netpage printer can be configured to support
any nunberFigire 3@nisa schathatic piew afarsigmahice ficldclase fiagraminer of net page printers.

In the preEf.err g.i | ement ati qn, each netpage_ pen has a unique identifier.
A househol dg‘?fﬁ§ A% Howchart ofaminRH pegcesinbrleerithn net page pens, one assi gned

to each Mg 391\ iR okondOL PRl NS RRADLYSE of AEILGE 21 1 2 di stinct

profile respect to a netpage I'on server o pplication server.

A net pHie Rigure Gans abdembtic Vel dlagiagd séiviltommaidiadert eikSdiaghhon server 11

and linked to one or nore paynent card accounts. This allows e-conmerce

“payment s tH32WE 493s 3 ghemaliq vight o griesaaece deseriptioneslase disatpepen.  The net page

registrati es 1 i gnatur.e, captured by the netpage pen with
241 ¢ % sc%%lg)g@%( &?grt 03"% et?w%}n[[e%%t h:bas§ &1

a previously registere : *¥8Maut henticate the user's
identity (Rg@s42iCHEIRRMERC $RIWTa histhRAlst Bla@hghsyS can al so be used to
verify identity. A version of the netpage pen i ncl udes fingerprint

scanni ng, Kgure#p dgla sohemalé wielvaaf asapsdmptivh deliresrppptocobgi st rati on server. 30
Al tho .net e printer m | i ver . periodicals such as the norning 11
newspa gr%mrﬁgg?sﬁ WH?WW&%%W?SW“WS%?SEW%r ed never to deliver
unsol i ci t qdgliiak i§Rbdnombfic ok aHBEARR oL@ aRoniphoty delivers peri odicals
from subscribed or otherw se authorized sources. Th this respect, the

net page prhigiredo6iisa suhemkic aiefveof anfanhistiemidsior praaddol;account which is visible
to any ju mai L er who knows the tel ephone nunber 5 or emmil address. 1
NETPAGE s%kﬁm‘*l\m@m@eﬁdéw coBagtioppaanct grateeolisyst em i s descri bed

consist's oPETALE PESKRIFYIBNCOR PREFEREE I FNG GEHER SASRAMERTSY I
ki nds 2f NdtetMemdi™pis aafade afark ot SilwsbrobleRescaldh By $0L I Alstag and

generalizations. An association represents sone kind of relationship
bet ween obj ect s, Inj the preferred smbpdiseahctbe infensipads ecenfigurer tre walh xdthi the

relates a es, . and. can be understood in the.follow n L if a
class is 3‘%@%%@ ‘L}%?O%lg:? qoﬁgugeétsy%tgmai%%ﬁbl]eé(?{/ VISV Phahic ﬁ%@g\fvs.g[ﬁawﬁ'bgss Ais
a gener al iappictiafedahatalodsterPimpRERnRtibS wail MRbdksily URBBly 9l ofevd ol does
not directly support second-order nodelling - i.e. classes of 1 5 classes.

Each cl asshe spagtizavdetads and extensighe disaizstd belowi inhrdlteonnanthedbasicheystdnass. |t
cont ai |ist of the attributes . of the class, separated fromthe nanme by
a hor i%n?%wq‘ﬁehége S¥Rieh i idsreryed t“ﬁétsdﬁg?ta‘ﬂnﬁ’j e dpri fe reduss dhe segh ot ed

fromthe abikiput [ 3! ' | 1ol | whi ch
foll ow, however, %Ibéglr:ihhg%s?&g@g{l%%\?@eﬁlﬁg%g%&ﬁ gbdﬁ &iﬁﬁa@?g%;&lﬁ ggéﬁ%g dr awn
as a | i ne epodinmaptd amal asparssefthe prebénd fdlehyon afeitbed at either end with the

multiplicity of the association. The default nmultiplicity is one. An
asterisk (*) i ndichiielssunmanys ithe insefesredformenfythe netpage; systerprenpp¥s aEach

associ at i ' ' | I ith. its n .and.is gl so.optionally

| abel | ed g?m%?Fﬁgﬁ&%% I&%?%ﬁ?ﬁ%ﬁggnﬁ%Pgi8F%Fﬁgﬁ%%wrg§ﬁgﬂ8ﬁﬁﬂﬂ%Ta b@HAn open
di anor8 | rRehwikesfeRc@UgaaEa bOhe RGFDE Rhinfiindd'thS RAPu@Rystem@MHe hitpdr awn

at the aggregator end of the association |line. A generalization
relationship ("is-a") is drawmn as a solid line joining two classes, wth an
arrow (in the formof an open triangle) at the generalization end. Wen a
class diagramis broken up into nultiple diagrans, any class which is 30
duplicated is shown with a dashed outline in all but the main diagram which
defines it.



12 It is shown with attributes only where it is defined. 1.1 NETPAGES

Net pages are the foundation on which a netpage network is built. They
provi de a paper-based user interface to published infornmation and
interactive services. 5 A netpage consists of a printed page (or other
surface region) invisibly tagged wwth references to an online description
of the page. The online page descripti%p is mai ntained persistently by a
net page page server. The page descri ption descri bes the visible |ayout and
content of the page, including text, graphics and inmages. It al so describes
t he i nput e%gnents o% t he paag, i ncl udi ng buttons, hyperlinks, and_ input 10
fields. ATHETPSES &t IP6WEIHEFKDNGE RIS pensingetiyatre Pasndng yoonsther ace to
be sinult l: . r t ] iple
et pages che or A¥pRARMHEEE, AEGl RGaRECHAY e OB AAN S sl

t hrough otdefined esucdantayciabt pRgeisqiety b t1difipped sinshedicléaahunetiigdisi S

assi gned a uni?ue page identifier. This page |ID has sufficient precision to
di sti ngui SRAbEIGeRse Both svithin Jhe mepand amesg differout: papse The Eauiputcafspstemce to

t he pa Cript.i is.encoded.in a pri.nted tag. The t identifies the
uni queg%ag%ﬁéjr?hﬁﬂl gﬁoﬁatlgrp'pa gPtsfeaﬁlﬁﬁ ‘_Frh elﬂﬁpqeﬁ%_qf_@%et’ |a§}8%&%1hff}%1iné3§1°{1he page
descri pti Qan bEhetrictdl Bhsea dndaRS kdfbRAcdstsipP¥A RS sty @idReR IR the
Characteristics of the tags are described in rfore detail below. 20 Tags are
printed i rmanped sudateabbe mfoimation thusostrienyd sarbtake titeefomhiof ctians which are
infraredreflective, such as ordina er. Near-jnfrared wavel engths are
| nvi ot bl e PR bY e ERBYET ntem i behell GHhé eparelar 1, Fespasst aihe PRPIEON Fage
sensor W tih-aRtiaRRaBRhd akBcl kdhfls A tag is sensed by an area inmage sensor
in the netpage pen, and the tag data is transmtted to the netpage system
via thtd nearest heitpapgdenped firer, .thd hetppgn systentirekdsess 126 prddettanvijnindat es
with the r}:}et age pri.nter_via a short-range radio link, Tags are

t

suf fi ci entiNra&iaieracpry witbnueipigca, Fhase ate nages of vy, gupbicaand émagsspiniedage at

| _ e - puRbisas a
e r ecogriroa rHE s SrEMIRICER i AT A0Sk b BRA F MR age.

si nce the dndaeli pagd wing Mkswhitkieabstalgd AVRIES to0the GALKIEE hakhy epnaeded to
make thempartially tolerant to surface damage. 30 The net page page server
mai nt ai ns BK.Uoveaver, gag éharebst e cededdatasesn berdensedcby an optiellydgeginglfeowi ng i t
to maijg ai | stinct.set, of user-supplied values for input fields in the
page d@écr@%ﬁ%ﬁ“ﬁ%&%"eﬁléﬁle%’_?%%fyéﬁe%t page. The relationship between the
page descriptionm {HReprBRERd | Bih ARG WHdnt ARd ﬂx&géﬂiﬁﬂs 'Bﬁte%ﬂgaa%é cEH@En i N
Figure 4. The page instance is associated wth'both the 5 néetpage printer
whi ch pri relieked witla the, penfto keyuest infoheativet foam ¢hausstworkho to eignelsirefdrantes th. 2
NETPAGE TAGS é‘;z 1 Ta r%ﬂta Content In a preferred form each tag |

i dentified OREVIR SRV T0WARG PMHOddpetaiet WhlfeR HBY |hsadt P2 JreiRaBat St ag

Wi thi n t hgiRtRRMY AedRgi ARl LN lﬁ%‘j kG I 0 10
region as g whol e %r tc%g]tzgg ?ggé&&\%gg%?br%{rﬁ a}é\gt)iq{]sﬁjrgm%ﬁ% ors);es@ﬁpl e,

si gnal2( tallgwirenfoims talbw fitled iro Ipothei dabbdindhrcigndiatics adcorizd@h Bndipapet i on
associated with the i mediate area of the tag, w thout the sensing device
havi ng t o ¥Fefupmatcally yeatied. pllpwmestcammence rosactions e bp separeli authexizeds or

TSRS w11 be mors pRueRSt NG S EhPER f PP R Bi RER: | "cacn

tag which can be filled in by the user both physically, on the printed page, and

“electronically”, via communication between the pen and the netpage system. The
25  example shows a “Request” form containing name and address fields and a submit
button. The netpage consists of graphic data 2 printed using visible ink, and coded data
3 printed as a collection of tags 4 using invisible ink. The cormresponding page
description 5, stored on the netpage network, describes the individual elements of the
netpage. In particular it describes the type and spatial extent (zone) of each interactive

30 element (i.e. text field or button in the example), to allow the netpage system to




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 preferably tile the
entire page, and are sufficiently small and densely arranged that the pen
can reliably image at | east one tag even on a single click on the 20 page.
It is inportant that the pen recognize the page ID and position on every
interaction with the page, since the ifteraction is stateless. In a
preferred enbodi nent, the region to which a tag refers coincides with an
entire page, and the region ID encoded in the tag is therefore synonynous
with the pegecipngiprchapphye thanaipdgehThdwbirgpuiiopda fa exemplet hasra zone 7

nbodi nent.s,. 1t he reqi 0 whj.ch 5.tag refers can pe _an arbitrar
gub(r)e:gingn e c%ﬁgg%‘f%%h?esfpa{é%@F%&gﬁ’f’%‘ég"%‘}?ﬁ l’égg’iaPﬁG% coi nci de \>//vith t he

zone of an int er g iRl S Hure DN UMUARE 385 100, pRARR i getly
Identify the interacti \a/le el erlreur:{?. ’Tableg&% % Tag ’S%F’% | elfhggﬁgg‘{%%ﬁ (bits)
14 Regi on shDw@GadifDes Bl ansS-and kéeibEd ih ntodg detailthelovs Wa@s i tenjofiction

i nf or ion, typically all ocated as shown in Table 1. Assum ng a_maxi num

tag densi t¥ifdp nERagrprinier (e an fusmetcongeqied pinie DpEwIsEdPT boree, odieon si ze
of up to %H@ﬁ&lé&%?hfﬁpéﬁ%%elésé&%émﬁxﬁ%%é S RE TR ARG L2 E QRLPYQuUs! Y
e ta 1S|npﬁy %ry rbmtglﬁ

wi t hout i ncreasing g mprecisio using a g reglons and
maps. The déorthiahge @diodinkldd al l ows 2' (~1030 or a million trillion
trillion) different regions to be uniquely identified. 1.2.2 Tag Data

Encodi ng The | 20The

nefpasic nraverdfdtlaa praferr

rd ah whyclerssboen iuEigugesa 1(t05, 5)

Recd 10 SLOIR SR 1 A O et o0 BB et o
errorsigo ﬂ%@soﬁ@lﬁieﬁcﬁe@&&p%s,clﬁ%ﬂﬂie@ cdtalSgs, trodh@rdsOddfAr 8REr BhblRaBYFDQY error
rate of up to 33% per codeword. Each 4-bit synbol is represented in a
spati al | y mitest arhighwgualibnas ineeractie natpdgdshBnlikerh pbisomd] coimputst, xhenedpager ds ar e
interl e-avepq’in%&aig ia:?llal lig\n:r.lcteh\jvhr}clg an tbg,g forEQLx%pl%?%u l_ensm]}nfgg adjacent to an area
where the morning news is first consumed, such as in a user’s kitchen, near a breakfast
table, or near the household’s point of departure for the day. It also comes in tabletop,

15  desktop, portable and miniature versions.

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

As shown in Figure 2, the netpage pen 101 interacts with the coded data on a
printed netpage 1 and communicates, via a short-range radio link 9, the interaction to a
20 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.
25 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

30

of a traditional newsmagazine, such as a set of letter-size glossy pages printed in full




15 a burst error (an error affecting nmultiple spatially adjacent bits)
damages a m ni num nunber of synbols overall and a m ni nrum nunber of synbol s
in any one codeword, thus maxim sing 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 20 target
structures 15, 16, 17 and variable dat? areas 18. The fixed target
structures allow a sensing device such s the net page pen to detect the tag
and infer its three dinensional orientation relative to the sensor. The

data areas Ont&ﬁ]i g‘/rg rﬁse tations, of the individual bits of the encoded
tag data. SPCTREHORE %r ‘ﬂ'@“fr&tf’%ﬁh?réﬁ? v agyigsionand comdoriable handingd at a
resol ution of 25 ! i j is
yields a tag wi DR e bl M15H: Be BoRi P heahiiiof Rl Brlfadd okl b t ag
i s desi gnemtcess. Gebls servioe fxdmailbble 3o YU Ethoase@ldsah thea0hial $t8tedQind.caience t he

quiet area is also contributed by adjacent tags, it only adds 16 dots to
the ef f ectodenypevise effeing bigadhang Intermet aeggss in @lreatiysavailable tiy 286 of theswt ur es.

A detecgi rl al | t he sensing .5 device to initi.gl def ect the
tag. Tﬁ% ?fhnegﬁq@l%géig?{ 9 gx}%%lf% Ferﬂ{éc @gﬁlo?”?r PmPCHioRs; B Y lﬁyfo?g%‘?fafiaﬁ&‘?ﬁ’ and
because a tahépked wéreﬂdgerg@ﬁiﬂ.rmd@eﬂpﬁﬁé efhbo Y RERVER FO%haibd Wigef fect s
of perspective distortion. An orientation axisS 16 allows the sen5|n5 devi ce

to det er miestingecoappmexinkit @ng| lagea rpriotdrg naltobirghn theef system twidl dpeeatt andthe yaw
of the sensaor.. TEe .gr' eg%?tbop axi s ig %gewed to yield. a unique

ori ent ati ot VS WHERGErS De less pereplableirom a gopesner e adt ofi g-daathes t o

| nfer an ag@aihéd, MiehdBNs! Sflm PRTARREL LY %, AR Bdel |Gyl Andnd
hence an accurate three-dimensi onal position and orientation of the t ag
rel atil® tembodensies)ghe netpdde tyategets Iosted ohur @sglaicempewt ot anthpytel-alagRdt 0

inprove their i nity .to noise. The overall tag shape is circular. This
supports, “GHSAGEF 8t HBIERi ngs, optimal 15 tag packing on an irregul ar

triangular grid. gm -] LI h Lrc r detection ri.n t.his
makes a circul arNgt??é;lér)l er%g;%{lbrgg elﬁdg{sali)i%? sﬁl\cfvi I%ehﬁa etl}?gw?r gargp‘folmrirﬁ%ed'l%
maxi m se idefivai peint-q@adity gabicdonsi ® heu?ags%h%s;bve@ocﬁ@@imblmdﬂﬁ b the
formof an area bounded by two radial [ines and two concentric circular

arcs. EacHlcligergeé muematieallyi rfomsubseshinigometpags pidnisrsatvid 6pointipstingndmils

desig hat. 1 ts. base (its ipner arc i.s at leasf, 20 e to this

m ni wnﬁjdﬁﬁnlghgﬁ%%ﬁé %@eﬁgf‘g‘ﬂ?‘ﬁ%fIg?ﬁ"é“@é“d%@‘ﬂ?l’r?a?% ?Iﬁdﬁgléﬁ’fe‘?jiaﬁ‘gca;']w’aﬁ?e s

al ways eqla@borﬂﬁzgttbﬁldﬁl@iﬂﬁﬂuﬁar%éﬁﬁ%i on. Each 4-bit data synbol is
represented by an array of 2x2 wedges. The 15 4-bit data synbols of each of

the si x codewor d& ngipegaptimentanchet cnfigarefl dasuppori@ennuinbesyfiyens, anidagenl8a to
18d in interl eaved, fashi onlaer%nbol s are allocated 25 alternately in
t

circular pPBIYEK K1y, HaR d1efpage papters: hp g glried yoplemsntagiopdeach

maxi m se tfa e e S sanme
codeword. | ﬁ)agg?gl?glt%%%gﬁ% Lgér %‘Qh@?%;?‘eh g%@@ﬂ%%?éﬁg%@iﬁl%ﬁtnhog%lga%ged

r egi or2lvi aetpage psisygndessigesd tohenchanahbg dfedié daniysThibeilialk eatlp us@aoat

| east one entire tasg in i%s field 30 of view no nmatter where in the region
or at whatPBRRENE disfiet profileswih sespeeinie netpege publicataansaredt ofi appkieasionof t he

field of }ggﬁ%of t he sensing device is therefore a function of the size and
spaci ng of the tags. Assuming a circular tag shape, the m ninum di aneter of

the sensor fi el dAebtpdgepen GinGiNoA I YegishaNwiNg nbpdse ReRubliberadt 13 and
equi lateral triangular grid, as shown in

linked to one or more payment card accounts. This allows e-commerce payments to be

25 securely authorized using the netpage pen. The netpage registration server compares the

signature captured by the netpage pen with a previously registered signature, allowing it

to authenticate the user’s identity to an e-commerce server. Other biometrics can also

be used to verify identity. A version of the netpage pen includes fingerprint scanning,

verified in a similar way by the netpage registration server.

30 Although a netpage printer may deliver periodicals such as the morning



5 Figure 6. 1.2.4 Tag | nmage Processing and Decodi ng The tag i mge
processi ng and decodi ng perfornmed by a sensing device such as the netpage
pen is shown in Figure 7. Wiile a captured inage is being acquired fromthe
i mge sensor, the dynam c range of the inage is determ ned (at 20). The
center of 10 the range is then chosen as the binary threshold for the inage
21. The image is then threshol ded and iignented i nto connected pi xel
regions (i.e. shapes 23) (at 22). Shapes which are too small to represent
tag target structures are discarded. The size and centroid of each shape is
al so computed. Binary shape noments 25 are then conputed (at 24) for each

shape, and"¥fTa&Rer l’ﬂﬂ%%weﬂ anterygntings iitscandie eqnbigred aiever,tol dsdixer yngolicitedet
t t : . hei { i i t.
Sositi on TSR Sn BORERSRITAS, I o abVER! pRR0A NS PRHREA gy

rotation. dhawidengthiofizeiouwdds UBilthis@eshdct] the nBakd pistted i9 ubBkd PRRtEANRL 26) .
A ring has the advantage of being very well behaved when

per spect | v&-admail epqoagt whigh dhvisilpioams deisk m@ilérywlzskmots-the telephburé mgnberd

rotatio -noq,rerral.l |neg each shape's nonents. Once its second-order nonents
are normal i zgﬁllﬁﬁlgr ?'ng is easy to recognize even if the perspective

di stortiom was SNEﬁiél?S%TEJRﬁCﬁHB@i'@Ré’” gi nal aspect and rotation 27
t oget her provide a useful approximtion of the perspective transform The

axi s target struBadrebjtd modelhin thexsystam e deswived dusirad a 2Bpified/BviotEling 25
proceeds hy applyj he ring's nornalizations to each shape' s nonents, and
rotation E[oar“ﬁﬁ 362%1'5 I’?ES? é‘?ﬁfa(n?‘n‘g %&&%@m@%@sﬁst@ % et Rlgecl StassiSnent s
are nor mal dz8hid N §vaySidnatget o SERYS j t hird
order nonent i&s rg) u?érla;tg)h?%g%i %dafrbt‘?gufg ée{S t(ﬁg%%l%g s"s:!ggf gOfofr;I'?%%S? a e|r‘1(‘;)'ns of

the axi@. dfbwiastivapand penkehiitacond Ay askeintoh Fprapats Sofe Kind Gaksatidhssi
possi ble. Note also that it is only possible to rotation-normalize 30 the
axi s tar getetBsepbipsisnhe belweemdnstinggs of rrdasaes. i & gononkizatiop| fekales e¢tnde t he

perspecti vy, 1 istorti n Qi the axis.target's axis. The i
‘target's ocﬁ?sgsﬁsha (Péagltbgttﬁlgg&pogg\}lil g}gg& UMY g&p@%ﬁﬂ%@ﬂ‘éﬁ of s ﬁ’ﬁégfﬁz' s
~rotation dilleotjectpentlintelass) and bRsd AUK aDRNSRBSHIONC TS, Bed BGE Yingly b7 are
" the last to be located (at 30). Good estinates of their positions are
“‘conput ed babesl 0b6A. ThelMlk dessmos diaedtlyl supportsembindoster podelbing héerdlagessarfd axi s
_targetﬁ t he aspect and rotation of the ring, and the rotation of the axis.
“Mat chi % pﬁlﬁg(s}%geds by applying the ring's normalizations to each

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

20 modelled.

An association is drawn as a line joining two classes, optionally labelled at
either end with the multiplicity of the association. The default multiplicity is one. An
asterisk (*) indicates a multiplicity of “many”, i.e. zero or more. Each association is
optionally labelled with its name, and is also optionally labelled at either end with the

25 role of the corresponding class. An open diamond indicates an aggregation association
(“is-part-of”), and is drawn at the aggregator end of the association line.

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

When a class diagram is broken up into multiple diagrams, any class which is

30  duplicated is shown with a dashed outline in all but the main diagram which defines it.



shape's nonents. Once their second-order nonents are nornalized the
circul ar perspective targets are easy to recogni ze, and the target closest
to each estimated position is taken as a nmatch. The original centroids of
the four perspective targets are 10 then taken to be the
perspective-distorted corners 31 of a square of known size in tag space,
and an ei ght - degr ee- of freedon1perspecﬁbve transform33 is inferred (at 32)
based on solving the well-understood equations relating the four tag-space
and i mage space point pairs. The inferred tag-space to

I mage- space: per cthive.transformis .used to project 15 (at 36) each known
data bit plg%slost%fygﬁ%% ?’%ﬁ’u eﬁé’@b‘ivﬂ]r‘@ltilﬁaﬁ‘g‘egpace where the real -val ued
position ipqusedNEppAhgd nearly interpolate (at 36) the four rel evant

adj acent pixels in the input imge. The previously conputed i mage threshol d
21 is used to thNetphgdsdatehther fospddtionooprvddar e hétpadei nativotli tis ballueTlzy. Once
all360 data hits 37 have, been obptained_ in this way, each of  the six 60 20
bit Reed- SIPYHDA PEBIRAE ST Wicyiace inrpblishedigiormation mdntetactive smsigesi t s 39,

0 £20 gecoted DAl Lokl P LiBled BPoRUSHALS VRO I B o0,

codeword order, sot codeword I"eave I'ng the
sanpl i ng pwitic esfBrenddsetor imgnlirr @etriptfon 6 Ml pags OWBE bniine Eagéu@s’tbﬁﬁidhf ist he

i mage whose relationship to the inmage guarantees that the ring, if found,

i s part ofMank#ed Rerustently by p netpagapese serve. (Thg page dotcriptomdesenides the

successf ul J:y t o] n._position is recorded fqr.the rrent
frane. G vvlé%lb% egﬁg?ﬂg dp‘tf]oglgeélg s“’.fﬁge 6’% rlﬂ%}ﬁ%‘ﬂﬁ&gﬁr AP, Cﬁoar]llanlin?ﬁgﬁ%{!cﬁlﬁisg | d of
view 193, duBoritlel the dfiput Clerhérté @4Ythe 'PHREY BRIRIAAK biMorRN BYPElink2Gnl nplRe
current inage. The obtai ned tag data indicates the identity of the region
cont ai H? ndfigldre A aistnegd allewspweikingsnmede whth & awtpeigt ien othétsr sigfaon to A
accurate posiiion en nib "gn 30 the region, as well as the

ﬁS of th
overal | ortBRUHECHY SBYF @ngrﬁg?ﬁseq Y e iTtnage SISy (at 34) from 18 the
per spective tranghi henle . kn i
rel ati onshi p bet weenlﬂ% ﬁlgtpggﬁeiaﬁg%ﬁ gltgl axialgagg%s{' emgé%eggl?itt%%}logxi S.
1. 2.5 Tag Mg theogkofhgrwist aipntied phgss th bealistmgiished, BactendtpegeliDassindd a
tag-rel_-ativeIPen o . , . e

- unique page identifier. This page ID has sufficient precision to distinguish between a

15  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.

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

A tag is sensed by an area image sensor in the netpage pen, and the tag data is
transmitted to the netpage system via the nearest netpage printer. The pen is wireless

25 and communicates with the netpage printer via a short-range radio link. Tags 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. Tags
are error-correctably encoded to make them partially tolerant to surface damage.

30 The netpage page server maintains a unique page instance for each printed




5 transform Before the tag ID and the tag-rel ative pen |ocation can be
translated into an absolute | ocation within the tagged region, the | ocation
of the tag within the region nust be known. This is given by a tag nap, a
function which maps each tag IDin a tagged region to a correspondi ng

| ocation. The tag map class diagramis shown in Figure 22, as part of the
net page printer class diagram 10 A ta? map reflects the schene used to
tile the surface region with tags, andT®his can vary according to surface
type. When nmultiple tagged regions share the sanme tiling schene and the
same tag nunbering schene, they can also share the same tag map. The tag
map for a negpigoralloneng théo maintpis\aaistincy sed of nserrsepplond vabies Torusputdieldsnina 15
regi on 1D’tha tag, I D.and .a pen transform the tag map can be retrieved, the
tag | D canbB&% ﬁ@?piitoﬁéoﬁ%t:ﬁpﬁﬂtea%@ﬁ%ﬁ‘e tag | ocation within the region,

and the tag-rel aty CadH 10 tlon;to yield
an absol ute pen ?%%gil?%d%s&%ﬂtﬁ%dggﬁgﬁpg%%oﬁ%@b®6 tﬁ%g& %gﬁskﬁ%ﬁ%n%@ gl Two
di stinct guiriakeetpapti isghswhanddgaeel. dfhei pilge riesince o tabsoofatedhivith bothethehe t ag
structure described earlier in this section. The preferred codi ng schene
uses " | dcditRIgE PRHICE Whichgrintedgsands ifdmowagdthe aetpege usea whagequested #at i ve codi ng

schene us obj g i ndi ing tags. A location-indicating tag contains a
tag ID V\hlef:ﬁ m@%Téir}%Enggé%ed through the 25 tag nap associated with the

tagged regi.on, YT&Y Oata Goltene tag location within the region. The
tag-relative location of the pen is added to this tag |location to yield the

location of the enpifartedfomneeacle figadentifies she negionrin whichuis eppdas, ded theni ne

t he | ocati,on of e.pen relative.to user interface.ele t inth age
descr i pt 1 o gt i B it o el D e R B3 e0mR s SR el b gl

el ementgi tiggibh ak dephdit iof o tHag 80hOBAkRN ﬂﬁ? btk ¥, 53 39mble Sf§ﬁ§|ra|' {;@t e&gace

element is rdentified. Location-indicating tags therefore trivi
support t hensiaptdeviseoto arovahs ddadbackpanligative dfnat faectkon essotiatedpavithi thel ar

user interface.elenent, An object-indicating tag.contains a_tag |D which
directly ifBEHiFs gga of hedpie.ritan e Sensiagiaiies pvingdo peigelORedesFIpHIPIH
associ at edyWdh, 4 he j ahﬁn@é'. ‘ oA o
interface e%r%[ebrﬁ Q?lééetﬁ%e%}mtrﬁ% ’ufélggxl ter %%%Q%Iagln;ag ,e% i%%Dt%HIZ‘{]%lgI I
“identical thedonehfradfyperdinkndi sti ngui shable. bject-indicating tags do: not,
theref%e, support the capture of an absolute pen path. They do, however,
support2 t he capt&f ¥ilhpe mare plgprly explainephelpw, iR prsfagred smbedingns cetloing

B A e N T
can be unaigkistg i@ uihinidiakehe'efed 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
20 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
25 tag refers can be an arbitrary subregion of a page or other surface. For example, it can
coincide with the zone of an interactive element, in which case the region ID can
directly identify the interactive element.

Table 1 - Tag data

Field Precision (bits)




Wth either tagging schene, the tags function in cooperation with

associ ated visual elenents on the netpage as user interactive elenents in
that a user can interact with the printed page using an appropriate sensing
device in order for tag data to be read by the sensing device and for an
appropriate response to be generated in the 15 netpage system 1.3 DOCUMENT
AND PAGE DESCRI PTIONS A preferred embodi ment of a document and page
description class diagramis shown in Hgures 25 and 26. In the netpage
system a docunent is described at three levels. At the nost 20 abstract

| evel the docunent 836 has a hierarchical structure whose term nal elenents
839 are a<|§egi'oatin Width content opjects 840 such as text objects, text

styl e obj eets—i-rage_objects—etcy Once the docunent is printed on a
printer WTEFQHDpartlTﬁrI ar page sige and according to a particular user's
scal e faCLﬁ refergpce—the—docuprent i s pagi nated and ot herwi se fornmatted.
Formatt ed tég% nal ¢lenments 835 W Il in sone cases be 25 associated with
cont ent otﬁﬁﬁwu fromthose associated with their
corresponding term nal el enents, particularly where the content objects are
stylerelated. Each printed Instance of a docunent and page is also
described separately, to allow input captured through a particular page

i nstance 830 to Bechr Esontainss kihbds ef yin mmqnmrtmlcaih’p@llﬂce@dtalﬂrdmgh ot her

i nstances sane e description resence of

abstract d"10 tcble nfb‘sﬂﬁg@g %H‘%ﬂ“‘&ﬂ t %éle*b%‘ae"%é St sduase 1ugh, 3\A}tsg]§lt ﬁ%&Dt 0
request a @BPtOh raoifl GHERMT u 11%6 hosd s&%@%éh% CEfodiOredfon€ Rhn HREmSHPLICE
docunent's specific format. The user be requesting a copy through a

- pri nt erd wicontipnadiskyf witlout i lm%lrgl the fagf }D pmcﬂsrqml smpobw esisg blyyttind esgioresence

of the formgtted e A0 1he page.server allows the page
server to BF{HRS ﬂ? ’3)[8'3[?1 H“g[b‘ﬂ rEa E Tihsors BHlion Bithen Eliop dbffqrﬁlited
page. A fqg ’E1§1%do ﬁﬁ%gonmsts of a set of formatted page
descripti ons 5, eagﬁl consists of a set of formatted term nal

el ements 8R3.2 Ea'C#gDatmEmmﬂlngerrent has a spatial extent or zone 58 on the -
page. This defines the active area of input elenents such as rr%ferl i nks and

i nput fields. 10Th¢ d%@lhw.in‘?f fagsdan @ee Sgilmé@ﬁt]f)fegwfié% ustigaa (bt

cor roanat ot SAECH Bickds Sed Ehoclly RARTORARIASER GARuRERET Batihage
i nstance &§ﬁ1bdl%5@efchb&“§e egsl sngb@ieuﬁrrcmzseuprtbrﬂ@ﬁn Bt HAGS 14, beaaqréc%a%é}s the
page | D 50 of the netpage gage instance is not part of a document

i nstance icodgwordepr-dtsietn Qraat | errgrags of ague 38%per podeswokdit i on. 15 A
page i nstance copsis of term nal e i nstances 832, An

el errent |nstanc<ca)]Ej L{/&é 1?repfﬁsertsi&%g’apﬂi)fga@é%ﬁémr %FB‘HP&. on.
Thus, )sfF)ﬁibblsfo thé'§ik %Géé‘w&&é a%%nreﬂeav%d Qm%!il'y' vrilsm gt'rﬂa@ RS thit
records a fransaction is specific'to e pade 1 nstance, and a
field 1mstaaost exirdas eﬁor aﬁedtmgl Iduhﬂpmtlalhea@amt ibitsy ¢zmanpds aiminithumpeci fi c
to the page ins%gnce An el enent instance does not_ 20 exist, however, for

static el £ OF syapbols oyargll apd gaminimym ymber of Sunbole g any pee godsord.c
el erent, i ARGk 'Sl AR iAo Gl ot 84 TR orfARaCr 2 page sorver

command el enent 846,~ as s own 1 n ure eI errent 843 can be a

styl e el emeRi3 84th$ii:hl Iagzsats@euuaéed styl e object 854, a textflow el enent
848 with an assocjiated styled text object 855, an inage elenment 849 25 with
an associ ated i nﬁlgeephr%rr@prs%tat@ngq 2R teg.cshowenin Eayre St nchycs stxsdi at ed

gr aphi f% 5 g\ln%g{ stftRtres® s h g N &nd ngbﬁe%?at argaSsll é’m’[ﬁah fiked ?arge 5 act:tgzdesv hd goclip

obj ect

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

25 256x256 dots. When printed at 1600 dots per inch this yields a tag with a diameter of




an audio clip elenment 852 with an associated audio clip object 859, or a
script elenent 853 with an associ ated script object 860, as shown in Figure
28. A page instance has a background field 833 which is used to record any
30 digital ink captured on the page which does not apply to a specific

i nput el enent. 21 In the preferred formof the invention, a tag map 811
is associated with each page instance to allow tags on the page to be
transl ated into |locations on the page.12.4 THE NETPAGE NETWORK I n a
preferred enbodi nent, a netpage network consists of a distributed set of 5
net page page servers 10, netpage registration servers 11, netpage |ID
servers 12bontet paydtdhisrésohiticorihs taguedesigi®d tnbe pagmindebby e dquielnaretrofer s 14,
and netpage,printers.,601 _connected vja a network 19 such as the |nternet,
as shown i ﬁdllgf 3698{533“1%31‘%‘&%&&@ 1 é{jP §P¥‘§§W\§ﬁ by adipsent {3gs; ¥ oplyswldsdp whi ch
records rejgd oS RSV BINRER ¥ BRI 5. PENS, printers, applications and
publications, and thereby authorizes 10 various network activities. It

aut henti cat es usEhestagrincladdssiatarget Strgctureg. Ardexection riaghal dilook taikdheinti cat ed
users in application transactions. It also provides handwiting recognition
servi ced. 9&¥icgde dpitigly) dgiset/the tag.nEaptng ineasy taaletest ba@usmitris aptadonsdlysi st ent
i nformati ﬂgg Pag seliptions. and..page instances. Th t page, net wor k
i ncl udes gﬁ‘ff nuﬁ%ner o%usggagsgﬁléfe%rc\?rerre %t,lonecgéﬁ a%%‘?%l Faﬁ]ﬁgmémg?fﬂg‘ést% 022&663%@5

i nst ances.of Pefspective agsrtion. 1 on SHEMEHoALES 1 MBI HHB SetbiY ddvitRUb dégiifs for
each page instance, clients such as netpage . printers send netpage input

directly tibe tapprozjppate frlaner corjsatpsion eofy the. taghdueptig thes saweof thet snporetBheany
such input_relative.to the scription of the correspondin age. A_net page
D servor sty 5isd8 HETeAEng s Gat obutaig. FAROpRs R Sgets 17

| oad- bty angloRhe keRpPeIIRIEMS iffel hftad Uiniol ; page
printer uses the ?nt er net eDi slt Fi bu?ecﬁjlﬁal{l%ﬁve@%iyst emh?&bﬂ%ﬁé&g@% tgiﬁl%foﬁgpﬁ{ to
resol ve athetjspgsl page IDa&Drdte tlree-denesional kosiitkir esd ofitnthiien bethpamg page

server hand] ji.ng the correspondi ng page instance. A netpage application
server 13 rgféuﬁg@é{;%%‘?ns%i ch hosts interactive netpage applications. A

net page publi cat h@Rars&'MEEtuled atSreBinARAY 1688 (o QMpf&e thilir %hﬁ&t)%%is%hes
The overall tag shape is circular. This supports, amongst other things, optimal
15 tag packing on an frregular triangular grid. In combination with the circular detection
ring, this makes a circular arrangement of data bits within the tag optimal. To maximise
its size, each data bit is represented by a radial wedge in the form of an area bounded by
two radial lines and two concentric circular arcs. Each wedge has a minimum
dimension of 8 dots at 1600 dpi and is designed so that its base (its inner arc), is at least
20 equal to this minimum dimension. The height of the wedge in the radial direction is
always equal to the minimum dimension. Each 4-bit data symbol is represented by an
array of 2x2 wedges.
The 15 4-bit data symbols of each of the six codewords are allocated to the
four concentric symbol rings 18a to 18d in interleaved fashion. Symbols are allocated
25  alternately in circular progression around the tag.
The interleaving is designed to maximise the average spatial distance between
any two symbols of the same codeword.
In order to support “single-click” interaction with a tagged region via a
sensing device, the sensing device must be able to see at least one entire tag in its field

30 of view no matter where in the region or at what orientation it is positioned. The




25 net page docunents to netpage printers. They are described in detail in
Section 2. Netpage servers can be hosted on a variety of network server

pl atforns from manufacturers such as I1BM Hew ett-Packard, and Sun.

Mul tipl e netpage servers can run concurrently on a single host, and a
single server can be distributed over a nunber of hosts. Sonme or all of the
functionality provided by netpage servers, and in particular 30 the
functionality provided by the ID servetband the page server, can al so be
provi ded 22 directly in a netpage appliance such as a netpage printer, in
a conputer workstation, or on a |ocal network. 1.5 THE NETPAGE PRI NTER The
net page pricatiead Bdonetesofihe pldiof iepeoithe ednsing deeige st thereroi fimctibe ofdicpage 5
system andsiz%ri ts net fratﬁe docunents on demand and via subscription. Each
printer hds d ﬁPa%‘égg ki 1D 62, and is connected to the netpage network
via a network susbfinBRirkiHePifhapd, 62 Minkin? dnRAGAIIAL erBNNOA!dON-
Apart fromidentity and security settings 1n non-volatile nenory, the

net page prview és oblantediwisnntbe pegssirs tikudt ors b @yailperaldiishgnlangrid assshbwinsin
concerned, _."the network is the 10 conputer™. Netpages function

i nterac?i VaBW¥e&cross space and tine with the hel p of the distributed

net page p er i ticular netpage printers. The
net page p?ﬁ%’fﬁr )@@'P\%@E Ps%?&%rgmgﬁﬁgeg%@ﬁéocunents from net page
publication ser vekstagdmagemricaisiap aBd iedodingipetfothet Bfla kéhsing@epias kisch dshe page
| ayouts, and the actual text and inage objects which populate the pages.
Because ofth®Bethagraperistshewn in Bigyseyd Wayle atcaptured ingageds beipg aoawiedi fomo a
parti cul ar ri.her. and, so _are pointcast to fhe suhscriher.s printer via
t he appr opﬂrl‘? gﬁ Seg%pgaeggorsf’eﬁ %@Wer%gea?ﬁhie AEEEe Bt ,egéﬁt %Cﬁeh&‘f ﬁ%’l‘ertfgﬁd, are
typi caldy tBhadred isvktioR ol asSthE HekarP 8irSshof thrSRe Mued ™ I THeASlagt 3s Hch

subscri bers' printers and the appropri ate page servers. The néetpage

publ i cat i dhrestealdest andegminted intto eongrsgiod pixel regronsf(i.ccbapes28) @O 220 Shapes i nt o
poi ntcasts ,and nulticasts. After receiving the pointcast of _a docunent's
page |ayod¥‘E?h e "B SHAR tOITBIRETHHRE HatsE Hrickiet arg #lsa%rgi?cgtth Fige edt o,

Once the meh@&igrofgg&%glg@js\éfsgcb ufe@npl ete page | ayouts and objects that
define the docunent to be printed, 1t can print the docunent. The printer

rasteri zes and pBimatysshapemansne\2Srergdge ompmel (e sl sacloshdpe) shd2hessi des of
the sheet. It contains duplexed print engine controllers 760 and print
engi ne& utrPyids ﬁ"@ h%‘ﬁ'?‘é’tsl’ sgpeibyHesaae saget Hucturiss CpuiFg shape moments are

by their nature invariant of position, and can be easily made invariant of scale, aspect
ratio and rotation.
The ring target structure 15 is the first to be located (at 26). A ring has the
advantage of being very well behaved when perspective-distorted. Matching proceeds
20 by aspect-normalizing and rotation-normalizing each shape’s moments. Once its
second-order moments are normalized the ring is easy to recognize even if the
perspective distortion was significant. The rting’s original aspect and rotation 27
together provide a useful approximation of the perspective transform.
The axis target structure 16 is the next to be located (at 28). Matching
25 proceeds by applying the ring’s normalizations to each shape’s moments, and rotation-
normalizing the resulting moments. Once its second-order moments are normalized the
axis target is easily recognized. Note that one third order moment is required to
disambiguate the two possible orientations of the axis. The shape is deliberately skewed
to one side to make this possible. Note also that it is only possible to rotation-normalize

30 the axis target after it has had the ring’s normalizations applied, since the perspective



The printing process consists of two decoupled stages: rasterization of
page descriptions, and expansion and printing of page inages. The raster

i mage processor (RIP) consists of one or nore standard DSPs 757 running in
paral l el . The dupl exed print 30 engine controllers consist of custom
processors whi ch expand, dither and print page 23 images in real tine,
synchroni zed with the operation of the printheads in the print engines.
Printers not enabled for IR printing hhge the option to print tags using IR
absorptive black ink, although this restricts tags to otherw se enpty areas
of the page. 5 Al though such pages have nore limted functionality than

| R- pri nt edligerien can hide the existtangkt’s hxissBe @iss tieggt’ageiginalrotatioraproniepage
printer prin net pages op_.sheets of paper. More_specialised netpage
printers rH ﬂﬂﬁ?gH%gBH ?@t§%%6¥§FW§Eﬁt%H?¥%%%g§ such as gl obes. Each
printer supports , e tag
tiling schene, a}“]lgé gdelﬁ?%hfga?g;w eg‘éﬁ?%ﬁrﬁ%galgﬁé}gﬁéf’gagg&% é'nbgécakﬁﬁg&ﬁ ggpmp 811
whi ch desdsédiesstithates af thiciri posiiomenie avinpatddy baseadoii Othpiti Riioven dpativrent
becomes_associ ated with that docunent so that the docunent's tags can be

corr ect? y TPhatignshinstadhe pngand axissiaesets. throaspestprngaroationtadithe ringsand tigr am

reflectin . -re).at | - oAt | mai,nt ai.ned by a registration, server
11 on th_eqﬁ{e%%lgégh}lee&m%rlﬁgtcjfgé%r%%g Serj_F &P Ig%o ?Hgﬁtys_n(?fm? %ﬂlé% Oa%aghpri nt er
i s descri baighd’d rgoRaiter Oded ahdir i sBesRACEHON nforR@kOWre WokaliRH ethe NGifeul R -
Figures 11 to 16. 1.5.1 MenjetTM Pri nt heads The net page system can operate

usi ng pri eEPSCtivgderamts Areacasy de reapgrezeofandi e ttatgepclosest rig ¢agk hastimetgiles,
i ncluding _th et ectri.c inkjet

el ectr wh&%@%ﬁﬁ%%%%&@#@@%‘F«%ﬁ%&?’}f@ ?Owhlﬁgtg'g‘irﬁ’égﬂ?ﬁgvea@{%@ﬁ Yfice, it
5 e et eoou et s o o R marL e
reliabilitspa@b andl an pighidegreccafsfreedoompémpectios ttrankfonn B &y infasdd (=i 32)| e
operation bagee grl gohsriinlge é wg{lju?lgiérgt%og %quemogg reriaritiinig tihg g%’01.181'ptgge-(::51pace and image-
space point pairs.
The inferred tag-space to image-space perspective transform is used to project
15 (at 36) each known data bit position in tag space into image space where the real-valued
position is used to bilinearly interpolate (at 36) the four relevant adjacent pixels in the
input image. The previously computed image threshold 21 is used to threshold the
result to produce the final bit value 37.
Once all 360 data bits 37 have been obtained in this way, each of the six 60-
20 bit Reed-Solomon codewords is decoded (at 38) to yield 20 decoded bits 39, or 120
decoded bits in total. Note that the codeword symbols are sampled in codeword order,
so that codewords are implicitly de-interleaved during the sampling process.
The ring target 15 is only sought in a subarea of the image whose relationship
to the image guarantees that the ring, if found, is part of a complete tag. If a complete
25 tag is not found and successfully decoded, then no pen position is recorded for the
current frame. Given adequate processing power and ideally a non-minimal field of
view 193, an alternative strategy involves seeking another tag in the current image.
The obtained tag data indicates the identity of the region containing the tag

and the position of the tag within the region. An accurate position 35 of the pen nib in

30  the region, as well as the overall orientation 35 of the pen, is then inferred (at 34) from




24 sinul taneous double sided printing conpact formfactor |ow power
consunption No commercially avail able printing technology has all of these
characteristics. 5 To enable to production of printers with these
characteristics, the present applicant has invented a new print technol ogy,
referred to as Menjet TM technol ogy. MenjetTMis a drop-on-denmand inkj et

t echnol ogy that incorporates pagew dth printheads fabricated using

m croel ectronmechani cal systens (MEMS) ﬂgchnol ogy. Figure 17 shows a single
printing element 300 of a MenjetTM printhead. The netpage 10 wal |l printer

i ncorporates 168960 printing elenments 300 to forma 1600 dpi pagew dth

dupl ex pr ithe @etspdtive tpmsformer33sobsatved meoths| tyg jpnd tites koopan spatiat edidtinshiel | ow,

bl ack, and infrared i,n as_wel | paper conditioner and ink fixative. The
printing 3?@‘?‘@95‘%%@?3’ ?Eﬁgﬂfﬁ} S)3t ﬂ%f%‘??e‘ii@m‘ﬁaé%ﬁs |l ong by 32 nicrons wide.
Arrays of e LRkl g el ements are forned on a silicon substrate 301
that 15 i n%gﬁ)org%%y% | ogic, data transfer, timng, and drive circuits

(not shown). Maj Decodirggrantag efultshia priegioh D, ed eqeb, 300 Ak-fehdveagesl e 302,
t he nozgl e rim303, the nozzle chanber 304, the fluidic seal 305, the ink
channel ° r i trAnsem. Bafore thedag Hp anddiw tagtielative pepdoeation an be iaastatedinto 308, t he

passi ve ac r 1 30 the acti act.uat anchor . 310, the passive
act uat or aér?g(ﬂ{dfr% @?%i:%ma‘?{gh]tnh%e i%la*ﬁgelg r{F%IPn’S%E .IO%IO?I"PEI%E {48, &1thi g’ﬁtrﬁgloﬂeam
pair 308 imusteehasivaalThi ik Qiveathyt £ tdch@apas finkGorP Ghitdt RhpLeRMAAID 399 at
the join 319. Both beans pairs are anchored at their respective anchor

poi nts 3102g8%d BN The comesponding docatibn.eThertay map 0fass 304eraB 1i8,shdwf , inand 319
forma cari;.i I eéﬁred el r ot her nal begg% ctuator 320. Figure 18 shows a
smal | part B4 BRAPLSHC BHPEePHYLE £4890, including a 25 cross

secti ofg 315 of aaRkk MdpG116e FRNYchIPO usdd ' GRS ﬁ&‘?é‘c{eiIQ oﬁ%ﬁﬂfr %§§ nagn

wi thout ink, to clearly show the ink inlet 312 that passes t gh the
si li con wehisrcag@hry dicgudimstoldfape tybe( Wheamhlfiplea)ggetavgibhesiapethatsamg cycl e

of a Menmet.TM printing elenment 300. Figure 19(a) shows the qui escent
posi tion dingreherig and e sagee e ysrheHRE sehosee, thevheatngfse phare kicdsasia @8, | nk
is retai nqﬁlaﬂ_n the nozzl e chanber by surface tension at the
The tag map for a region must be retrievable via the region ID. Thus, given a
15  region ID, a tag ID and a pen transform, the tag map can be retrieved, the tag ID can be
translated into an absolute tag location within the region, and the tag-relative pen
location can be added to the tag location to yield an absolute pen location within the
region.
1.2.6 Tagging Schemes
20 Two distinct surface coding schemes are of interest, both of which use the tag
structure described earlier in this section. The preferred coding scheme uses “location-
indicating” tags as already discussed. An alternative coding scheme uses object-
indicating tags.
A location-indicating tag contains a tag ID which, when translated through the
25 tag map associated with the tagged region, vields a unique tag location within the
region. The tag-relative location of the pen is added to this tag location to yield the
location of the pen within the region. This in turn is used to determine the location of
the pen relative to a user interface element in the page description associated with the
region. Not only is the user interface element itself identified, but a location relative to

30 the user interface element is identified. Location-indicating tags therefore trivially




25 ink nmeniscus 316 and at the fluidic seal 305 forned between the nozzle
chanber 304 and the ink channel rim 306. Wile printing, the printhead CMOS
circuitry distributes data fromthe print engine controller to the correct
printing element, |atches the data, and buffers the data to 5 drive the

el ectrodes 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 Joule heatin§ The tenperature increase resul ting
from Joul e heatlng causes the beam pair 308 to expand. As the passive
actuator beampair 309 is not heated, it does not expand, resulting in a
stress di fsfugpahde ptweof anlwbstlue geeapatipén the. zofkiof sspareedardisef értefize i s 10
partially resolved by the cantilevered end of the el ectrothermal bend

act uat or  FIEEY ndlng towards the substrate 301. The lever arm 307 transmts

this noverment to ﬁh%&&?%ﬁl&tiﬁﬁqa%%hné%é ng]}fg%g?éhe ?&?19'0% ntl?T(i)e% tfﬂa%/ S .abOUt

two mcrons to t sitiron's IS I NCr eases e ink

pressure, 1hta:riecmgemeﬂﬁ i 2He page d&ﬁcﬂﬁﬂ@nramia@ecﬁﬁﬁh tlﬁﬂd% i6AUAINEe tgeir this
meni scus 316 to bul ge. The nozzle rim 303 prevents the 15 i nk neni scus 316

from sp? eZdnf gl therusssintertace glemsakidsntifyribe maqrzim@rfemmﬁntsmlangshqm ell

t t 308, 3 t 320

Feturne. ¢ dopicat 3a R8RS shdiecinetishifle " iR RcahBR okl Bo0Rnt ShERE i

dropl et 3lsp lﬁdrﬁmetdaﬁmtdﬂffa%%sdﬂatetﬂtﬁ ﬁgﬂ?%t%ﬁquer 3SppORANE capturkioByr €
y

19(c). The nozzle chanber is refill b e action of the surface tension
at the nernckive IEI.LQ)aﬂ?ZOS@Igng @s 2be givsitonasasggmenfreqkncy priaetihdwite3d®. I n a

net page printer engt h printhead is e full wdth of the paper
(typical | f“ﬁ‘i‘H‘ttfﬁ‘% THED ﬁ@é’ﬁt Jisemst qfﬁémgé@‘t’rg‘ﬁtl PEhBONLOgha nekh | ong
(about1®. 20ah a3rGRIPIBAbBEA] NerolthifRA P! I NLI NG, Lhe paper i s moved
past the fixed printhead in the ditection 352. The printhead has 6 rows of
interdigitated leﬂntmﬂtgr tlgemerscher€) Ghe pags fumotign tih @ospexationl witls agsociateges of

i nk 25 sup‘p F y the ink inlets 312. To protect the fragile surface of
the print Hesid a].‘}meﬁtj Wl Letrage afauttéﬂte@cgmwlamﬁmw thps @ yseT s HeHad to t he

hozel o quar s B st Bae b B ARRGAE Soolly WGl Sl RPUERRRIE R0, o

~the nozzl eegliby dhmbmﬂgaaawte afd Bec aiiapgroplioekeshddye BRBEr gehbRGISinOtheOt her
30 debris, filtered air is punped through the air inlets 332 and out of the
‘nozzl e1@ud1€HJaE@FE§§€m 26 during printing. To prevent ink 321 fromdrying,

~the nozzl uar the printer is idle. 1.6 The Netpage Pen
The acti vg'gens?ﬂbéﬁggﬁgﬂg%ijﬁﬁ'ﬁf& Rystemis typically a pen 101,
whi ch, 5 using 'A?r@f@ﬁ&ij%gotﬁﬁi@htr &t d @cutndfli adSp ARl dRsdPri6RRIE Giadfich fecode

IR position tags froma page via an inmage sensor. The image sensor is a
sol i d- st atSho‘ﬁEWEgumS@ila@ié%w th an approprl ate filter to permit sensing at

only near-infrared vvav | engt hs. descri b i, re detail below, the
systemis able tlg @8&5 2GR S¥SIEH Aﬁ‘i’%m’re?t % ﬁg%igl?)t &quhlet’ﬂ% ‘ghF}tea‘E‘QSt and
the peypi ﬁ%ng& t 10
handwri ti f%’@%ce klf‘@};tt 20 Hls%%t g%e%%ﬁeefrrérgfhlgﬂl%%@ﬁge or O%%t e?%. Q#H?gr mat i on
capt ur ed [839tdre apewiates wuthrqoptead objedtsv@40esueh sdsytektr atrjedts,t fedstyle dlbjectyr i nt er

(or base station), the printer or base station interpreting the data with
r espect tdm@a%‘)‘(lﬁ?fﬁnﬁﬁ‘) Cgﬂ&aéh‘?s‘tchepmrlé printed opragrayer v theh BYUrWanpagssizehe

1oy page PaRadBalg S A%y deBol Wil ARICRGRELS, RELIAN AP s el ! "9

stylus. The r owever, 1S5 No necessa

net page Sﬁﬁiﬂ&b’thﬂﬁn@ ﬂfrﬁMﬁbdlgF(ﬁﬁﬁttedﬂte@ﬂﬁﬂ aém\éﬁt@rBE!St Wil 1145@%@8%@9 bent er net
|nterface Each n‘ev'ltngage pen is registered with the netpage systemand has a
uni quezperesyopiater withgignienp sbishisvighich ara diffraens fran tbosesassatiiatod avith ﬂei‘rl ecting

pen- relatedlnfornat tai ned b eqgi str tlons er 11 on

net page n&PTgHend %ﬂgwgﬁgr |p§n¥°hl?36{¥ ?"5‘86 et Frte e‘i\.’lt@%‘d% arg 5 ?)en

det er mi neselated. PAH prified %@taﬁ@@o%'d%&hﬁédt%d p%%@is‘ Mgobtaecﬁﬁéa tely/¥6 Nib IS
attached to a force sensor, and the force on the nib is Interpreted

rel ative tablow inhwtecsaiptiret tl‘mouglnoh patleulmhpageemstaim §intoi tse feaprded sepatately” . Thi s

allows a interactive me t.he o be “clicked' by pressing Wit h
t he pen n| m}qpubea@g}re% ﬁ“?‘é%’&@g‘t" ingt CSP 6 EFHE PAIE TP INet wor k.

Furth re, ay, the
Ul chnar e of e Biegmet of % HBE e Sanhichl BlSrbin By ofle Busd Wiy
position and orientation of its nib on the netpage by inmaging, in the
infrared spectrum an area 193 of the page in the vicinity of the nib. It
decodes the nearest tag and conputes the position of the nib relative to
the tag fromthe observed perspective distortion on the imged tag and the
knomn geonetry of the pen 30 optlcs Although t he p05|t|on resolutlon of
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recognition. Pen actions relative to a netpage are captured as a series of
strokes. A stroke 5 consists of a sequence of tinme-stanped pen positions on
the page, initiated by a pen down event and conpl eted by the subsequent
pen-up event. A stroke is also tagged with the page I D 50 of the netpage
whenever the page | D changes, which, under nornmal circunstances, is at the
commencenent of the stroke. Each netpage pen has a current selection 826
associated with it, allowing the 10 us to perform copy and paste
operations etc. The selection is tinmestanped to allow the systemto discard
it after a defined tine period. The current selection describes a region of
a page i nstlawse.us¢rttocenssist @pyfof hllecmmett witmahbeidg fircal toiandeps theakerce apt ur ed

t hrough th en rel at.i.ve to the background area of the page. It is
it o pr et Gl BEHHF Gt e P CHEHHBUTS ASEPY (o BICLPRRIER WA £o an

applicati | el 8Ck h ' ' .0 current
nib 824. ‘?ﬁ{fgkﬁtsﬁaﬁe ni Edrlcga}g%l ﬁlr?ottji%ﬁ {l}é:er%igj g’yﬁglt%éég%dr? Oth?%@%%@tg{i'él %%P%tt he
case of t hiesaiptianloh tiepigagervpedlodasht pirtbeppucsifitichilentdrPRt %k kitigsbl ack
ink nib or the non-marking stylus nib is current. Each pen also has a
cur r ent® ni 9 apaptiiapsintedifiagei s the nib style |ast associated with the pen

by an applicati op, N res e 20 to.the r l.ect i a color froma
palette. The def%tf?'l%arqitleg dgfy %IR%g’ﬁtcﬁgmﬁf Bfglsg,ﬁo"ftggg% flﬁagﬁgaﬁcpﬂn?% *current
ni b. Strokash eamhidHeebsiiOHOR s& PEforMbfed RSARH]1 WdtntshE3 L WaR ThmitRRast y! e.
When the strokes are subsequently reproduced, they are reproduced in the

ni b styl e eldnednt Wk epatibkaxtent er rangdSchn tih pagey Ehistdelingsathe hetivisi arda of inige of a
printer with which it.can.co ni cate,, 25 the pen slowy flashes its

"onl i ne" Le%ﬁ?e%sé‘ﬁFPﬁgnyé_ &Pnn}fglﬂ“gkalélé'ode a stroke relative to the page,

|t momptarily. agt iRt ibdance! ST coklBondE of R8BI HeEEREAS 534 fecoding
a stroke relative to the page, it nonentarily activates 1ts "ok”™ LED. A
sequence cbngstpbiiaee ofpagkimstaneesiBdherack df whichcothegponds ta mpageegirtpaiioni nk
forns theg) | s for thg di gital exchange of draw ngs and han_dwrit_igg, for
online re o%fﬂ‘? fmatied gecunisnttiach PAge matsace 330 dasriibrs aungle vpigue grn

S gnat Ur €Syeinael, and records the page ID 50 of the netpage. A page instance is not part of a

document instance if it represents a copy of a page requested in isolation.

15 A page instance consists of a set of terminal element instances 832. An
element instance only exists if it records instance-specific information. Thus, a
hyperlink instance exists for a hyperlink element because it records a transaction ID 55
which is specific to the page instance, and a field instance exists for a ficld element
because it records input specific to the page instance. An element instance does not

20 exist, however, for static elements such as textflows.

A terminal element can be a static element 843, a hyperlink element 844, a
field element 845 or a page server command element 846, as shown in Figure 27. A
static element 843 can be a style element 847 with an associated style object 854, a
textflow element 848 with an associated styled text object 855, an image element 849

25 with an associated image element 856, a graphic element 850 with an associated
graphic object 857, a video clip 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

30  digital ink captured on the page which does not apply to a specific input element.




The pen is wireless and transmts digital ink to the netpage printer via a
short range radio link. The transmtted digital ink is encrypted for
privacy and security and packetized for efficient transm ssion, but is

al ways flushed on a pen-up event to ensure tinely handling in the printer.
5 When the pen is out-of range of a printer it buffers digital ink in
internal nmenory, which has a capacity of over ten mnutes of continuous
handwriting. Wien the pen is once agaidlwithin range of a printer, it
transfers any buffered digital ink. A pen can be registered with any nunber
of printers, but because all state data resides in netpages both on paper
and on the net wolnkthe prefersed forgaifithe mventizon, al taguriaptB110s psseinied vetlpeachi s

conmmuni cating.with at .an artjcul ar time. referred enbodi ment of the
pen is de@@ﬁ?ﬂ%ﬁ%ﬁg’ﬁt&% %%PP@?W@M@W%NBQMWHWQ CPag%erence to
Figures 8 {8 10. LA?E RACTI ON The netpage printer 601 receives
data rel ating toT%EEItEIr}E{E rg\h’yt&ﬁe pen | 01 15 when the pen is used to

interact with a Inet paerel. enfodimandecdnetpige Btwbrkt doasisa @s adlistabuteddetlyf t he
pen when it is used to execute a npvenent, such as a stroke. The data
al | ows 1 h&*iR#ghPrEgseprery Hb netpRgs waisHatimeavan bil.astpass HY serveratld, zeindgee

el ement t er.m i Qe ion of t rel ative positioning of
Che oon 1 pBficABhCLRAEA ARl | ABEMA 1o 0bs | IF, L Rebise RERIS A1
transm tt egdnhetddvba phbRicRk 19 vlidra thd Int@68] ¥howriidFidage NS, the 20 page 1D
50 of the stroke into the network address of the netpage page server 10

whi ch mai nt ai ns The nelppgce sqeatation spage 1l nist amsowegbich| tecorde relationshipst s t he
stroke to,the page server..|f the.page was recently id ified in.an

car 1 er - stiteeh Wen Rele e poEg e Bah et atd dherebE SuhOfs

rel evary RagiBuSREwRFk hdlivities. RaalentidadGhisBRINAURICRISLiShiRe Bloxd GPPRERT Page
| ayout . mai ntai ned persistently by a netpage page server %see bel ow). 25 The
page | ayoutf pwhenticated végrednsappichtiers tramaptons.f dnwkoapbvples ckandofitingXt |,
typically storﬁd el sewhere .on .t he net page network. \Wen the. page . server

recei ves CREPSEIOBSENTSndE ASCHRR ahowe, 2RGIPREFSR8E BV Hamaatis Isrsigentt o

whi ch the ; =YeTolM : [y ' e-]t-‘%r{f f y
descripti (;ﬁfo?ﬁg&st rok??%?t%?%e@%@?aﬂ Blg% Wgﬁl&gb e aoﬁ?g%tngﬁ‘g%gﬁﬁtfqﬁ%esst'r oke
in the conmgxtundfer 30 phiye séry@e, @ich thaadlire 8\¢abdet of @agInstancedd Shcéad papls” 1S a

strokeﬁ/ﬂere t he di stance and tine between the pen down position and the
subseqlRntseyshalsp masatams yserdppntyaluss (fesepch page instance phipnts gush PAMGIPIE  obj ect

uhi ch 1s gehieretath Rpfctdplik aledty R ik fBRAHR pfc et The BRaPEdriefat ed:
interprets any such input relative to the description of the corresponding page.
A netpage ID server 12 allocates document IDs 51 on demand, and provides
load-balancing of page servers via its ID allocation scheme.

20 A netpage printer uses the Internet Distributed Name System (DNS), or
similar, to resolve a netpage page ID 50 into the network address of the netpage page
server handling the corresponding page instance.

A netpage application server 13 is a server which hosts interactive netpage
applications. A netpage publication server 14 is an application server which publishes

25 netpage documents to netpage printers. They are described in detail in Section 2.

Netpage servers can be hosted on a variety of network server platforms from
manufacturers such as IBM, Hewlett-Packard, and Sun. Multiple netpage servers can
run concurrently on a single host, and a single server can be distributed over a number

of hosts. Some or all of the functionality provided by netpage servers, and in particular

30  the functionality provided by the ID server and the page server, can also be provided




accordingly, a longer stroke is ignored. The failure of a pen action, such
as a "sloppy" 5 click, to register is indicated by the | ack of response
fromthe pen's "ok" LED. There are two kinds of input elenents in a netpage
page description: hyperlinks and formfields. Input through a formfield
can also trigger the activation of an associated hyperlink. 1.7.1
Hyperlinks 10 A hyperlink is a neans of,sending a nessage to a renote
application, and typically elicits a pé? nted response in the netpage
system A hyperlink elenent 844 identifies the application 71 which handl es
activation _of the hyperlink, a link ID 54 which identifies the hyperlink to
the appl i CiePEnIn RACPagE Applipncs suclbas a netaRRa MY, Hsk SOmPpIEeLYeIkai@ion orncl ude
t he user’ | ion alias ID 65 in the hyperlink activation, and a
descripti g)l‘lll o?zgﬁleﬁ&%'sed when the hyperlink is recorded as a favorite or
appears int.ghe upg NeTPAGHE PRinTeERhe hyperlink el enment class diagramis shown
in Figure 29. Wen a hyperlink is activated, the page server sends a
request to an apphd BeipagsPravereii e @n epplidnse ndiickoiskegiToredapith theansdtpagei s

i denti fg ed an .application 20 I D 64, and the.application ILDis resolved
in the %oﬁ%éﬁénwggp s gba%? ?‘é“g?‘ﬂancdrﬁ"'@e“‘l‘ %"‘H’fonhgﬁ‘é‘rﬂ’r'ﬂmﬁrsl?asgener al
hyper | i nks, §figue $rieéd 1Y 8L dnit K Sorfe SRhBEL rd ] s shown
in Figure 30.®K%eneral hyper | i%k gtgcrilq?ﬁlpl e %tghgﬁvrog%ﬁgds%h%'rgﬂggﬁin ed
docunent , the Intepetsideplyyvis iadmeddbandeeahectmmce to a server. A form hyperlink
submts the cor rcgszggﬁ‘dlingg formto the application. A selection hyperlink
submits the 25 cOPFEHPYSEPREY 2Bk S¢IBhECtERgsIIR agrivalslila mempgy, Hip netpnge

o C e e SRR 20fAind R Fent Sl BE GOl L REF i cORLer R0 TR Sonth I fs e
application may return-a single-page docunent @iVl ng e Word s meani ng

wi t hi M@ heompnteg) Ndtpaged finletioh ifieReErdy a@bssasphécaintd fink @it hiethep 6f fber ent

| anguage. Each gi/perl ink type is characterized by what information is
subni t t ed dribyed Bgpagcrage sxvers 0. iRdensadently s paitivalanpgpage priaterast ance 862
records a trans i ich. 30,can be ecific to the page instance
on whi h-the. nypiid BepAe? BimkL e6ctivss Speg TeRRS Loelphte e Gy
user - specipubbcatidh detverst A EagHd dcatlehOR dishPut&X A MoSatts: ROPRY RYoRardd of :
pendi ng purchases nmintai ned by a purchasing application on behalf of the
user. 5 Titke anpeal dont apd ineisbiéets which populateding pages. Rxchuse o Pérsonalizated,ecti on -
hyperl,f'r$1k act'ivati on., The, syste, {'ncl udesl_ the content of the assocj ated _
form i st XAESIRYBES AFF YPICAILYSPRPHiS 10 HRAEEY sgtber ang spyrgPaiteash e Weperink
has its " subdibelleblifier 3t fHeihofo | Merdd?PibxiSAC ; o

Cob voi o bkl Theets)%/@t ptfile ol SorvdiD ol S Sl AR, Jﬁ‘a{ in all
hyper | i nk ofierihaad, anestypit6llyA sharpd rwitinloddr gnbaeib&66and sa aps autielseneall 838
whi ch has an assogci at ed hgﬁ%rl i nk,. as shown in Figure 31. Wen input occurs

t hrough arf¥PSCrRey RIMERE 3R PROPHASNIEE 89ECTRy per | | nk 844 associated with
the group is actq AN an b SQCl
hype?l i behavi%%é&ma?ﬁgﬁppygﬁghgﬂ%ﬁ%égépgﬂl@ & eog‘?g%?‘?%qaéé’% §f§§8‘6§é‘1§sed, in

conj urgfl i @ontent intd peinfcastbrint metitats. Aftdribedidng khepdigtcarthyme dbéikent’s0
provi de 15 conti nuous input to an application. It can therefore be used to
support aPegt yRsdheprinter knows which multicasts, if any, to listen to.

Once the printer has received the complete page layouts and objects that
define the document to be printed, it can print the document.
The printer rasterizes and prints odd and even pages simultaneously on both
25 sides of the sheet. It contains duplexed print engine conttrollers 760 and print engines
utilizing Memjet™ printheads 350 for this purpose.
The printing process consists of two decoupled stages: rasterization of page
descriptions, and expansion and printing of page images. The raster image processor
(RIP) consists of one or more standard DSPs 757 running in parallel. The duplexed print

30 engine controllers consist of custom processors which expand, dither and print page




interaction nodel, i.e. where input is captured and therefore shared as
soon as it occurs. 1.7.2 Forns A formdefines a collection of related input
fields used to capture a related set of inputs through a printed netpage. A
formallows a user to submt one or nore 20 paraneters to an application
software programrunning on a server. Aform867 is a group elenent 838 in
the docunent hierarchy. It ultimately contains a set of termnal field

el ements 839. A forminstance 868 repré8ents a printed instance of a form
It consists of a set of field instances 870 which correspond to the field
el ements 845 of the form Each field instance has an associ ated val ue 871,
whose 25 tijgedapesaddinom syhehronipesl wiitht the epuratios pefintic npyintheatisl ieltiearprint  Each
field value records input through a particular printed forminstance, i.e.
t hrough on@®8¥nore printed netpages. The formclass diagramis shown in
Figure 32. Each i nst 7 I: I ndi er the
formis active, ?ﬁ%tg}esnmseg%%‘?%?%csiné egﬁﬁﬁ%rﬁa%x%e\rl@gsﬂ,&b%g#lﬁﬁggsuglc iq% when
first prirdbeaptive blacknid() ahkapiehisireaves tag3as otlierwie $higphereadof BE PafeCcONeS
submtted once pone of its subm ssian 31 hyperlinks has been activated,
unl ess he‘”ﬂ}%’@gﬁlﬁlk Ppges haye moge bimited dianetipnalifyt tha IR wristed. pages, dhey fecones
voi d when 4; i a void form reset formor duplicate form page
comand. ! (;%rlér!rg?ic{(agi rﬁ%égasﬁen the tine the form has been active exceeds the
form s specifi edAldoh@bl metpagdpriner phatsiRigicES oSl f phférMMo® Yeclatisdd | owed.
| nput through 5 a formwhich is not active is insteacllj captured in the
backgr oundi®2gf @rigls: wRy phat ewp avaespesadised stamns; such/ireglobdse Eadr printer act i ve

or frozen,_ for bm ssion.is allowed. y. attenpt to.submt a fqrm when
the form i%’L %{Q%E?aig{/%edﬁu_rnff’ YR ain_ﬁes}l%qo ta_ég‘ia“é?’i’a t?%@k%ﬁ?@@?ﬁnﬂg‘eﬁw form
stat ustp engg tnapFRE RadtOaT O BHRMTRe {ap A5 9F1 FhRY dedlribed Mok iR % id

i nstances derived from 10 it, thus providing a version history. This allows
all but t eetualy ased wepsiton dofunsent beconies @sqraated ewithathat doomnpart 5@ that thebe

excl uded fgoom a search. bA11 in[)ut S cagptured as digital ink. Digital ink
873 consi S15UYFNtS 8gs cagLecORELIRFERICStr oke groups 874, each of which

consi sts of a sef; thbed 13 LOKE, e S [ t of
ti mestanped pen plg{sﬁlfet?osns 876, g‘ﬁc% E%éte F%%@éifa éf)ﬂglig e:ﬁgé(}ﬁ{&dé@mglferﬁ?atéde
ori ent at i dnfoamnalion taierine byEhegdirglidredervonh 1 oh alssndliparg mdfvdre. shown in Figure
33. Afield element 845 can be a checkbox field 877, a text field 878, a
dr awi n 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
20  electrophotographic, and others. However, for wide consumer acceptance, 1t is desirable

that a netpage printer have the following characteristics:

. photographic quality color printing
. high quality text printing
. high reliability
25 . low printer cost
. low ink cost
* low paper cost
. simple operation
. nearly silent printing

30 - high printing speed




field 879, or a signature field 880. The field elenent class diagramis
shown in Figure 34. Any digital ink captured in a field s zone 58 is
assigned to the field. 20 A checkbox field has an associ ated bool ean val ue
881, as shown in Figure 35. Any mark (a tick, a cross, a stroke, a fil

zi gzag, etc.) captured in a checkbox field' s zone causes a true value to be
assigned to the field' s value. Atext field has an associ ated text val ue
882, as shown in Figure 36. Any dlglta24|nk captured in a text field s zone
is autonatlcally converted to text via online 25 handwiting recognition,
and the text is assigned to the field s value. Online handwiting
recogniticn is wihiltancowsdoublsdidedguintiog exanpl e Tappert, C., C Y. Suen and
T. Wakahara, "The St% of. the Art in On-Line Handwiting Recognition",

| EEE Transactloﬁ?nﬁﬁcﬁg &P Anal ysis and Machine Intel ligence, Vol.12,

No. B, August 199Q¥ o §@réngh§£ggyre field has an associated digita

si gnature val ue 88 as sho 32 Figure 37. Any digital ink captured
in a signature fNechmmem:ﬂEy dvailable printing@tinolomgrliak hB df Mebdichnespeitics 0 t he
identity of the gwner, of the pen, and a digital signature of the content of
the fortn of whiche t@ﬁ@3 ¢ r@lmoqhgctlaarqf préntefs n‘@ﬂlatﬂé@ie acrgmaraamf@se@q presend

field s vy I ene i t ser's

ori vate s Asgf A% Bhebied s PR b o BTIRRR o1f% Mt REROlEE o7
Online si gviahjuie! W@fafdﬁﬁldn%maﬁdm@iﬂjétn%hﬁélﬁgﬁ ﬂlaﬁqné&ﬁoﬁeegrrpég%wﬁ’dtﬁmndon
R and G Lorette, "Automatic Signature Verification and Wit

| dent i f i cawingreads Thkricgted: asing mireoeheatromepharienl reyReusg (MEMS), tedbnolm No. 2,
1989). A fd.eld ment is.hidden if its dep” ribyte. ig set. A hi dden
fretd 10 JiENENT HEEE  feh ROk cemst 30k Sl puritiche DS ipe ac cop:

i nput .10 t Vﬁﬁf}bﬂﬁfb&‘@ﬂ@@p&&%@@ﬁ@@%rﬁﬂtﬁx %1&%&{@3@@&&%&%'1@% ld?legage'an&tﬁe form .
data when thé formcontaining the |e dis submtted. "Edit conmands,
such as stduplca printeru ghss pmdercamuﬂigncﬂbabbtpmns cgan) radgentab eelieve,objatkz eaidi n form

fields. 15 @é@ethe handwrlt recognitjon al gorithmworks "online"
(i.e. wit StaBWteHétSHWPéﬁ? ‘i’ﬂertaﬂ Haf¥%enment), rather than

"of fline" éhlﬁff e PYINE f r i n
recogni ze run on dﬁI %%@n\%rﬁ %Opég @B@?gﬁnmqu rJr}‘lgllglt‘é]gg IJH%cfﬂ&llg

accur acy, wide.hAnhysaoMthese priddpg riditintd bfi Rirdgd PAaS @111c6nvyi1b§t@itedepﬁﬂhh&nt
nodel of handwiti I’I%FI S _automatically generated over tinme, however, and 20

can belYyertdiorpaates FMPP ﬂﬂg“iddaﬁé@@&%b rining) agididaive Pﬁwltsziﬁo%ﬂhﬁ’@ahy st at ed,

consists of a se kes artl cuI ar
el ement’' s zone |@d§g%%nm ut Otft ?%%?tm&%%ﬂ}t%és(#%?gf’zqtl%éaétt#‘ E’rlgﬁdy f or
i nt er pr et BB Othe rdRYlc Thawke J0A tRPRGAReEkal Qo@rth@mke&{anﬁel%ﬁlml tHeNKvegt r eam
is appended to the background field' s di gltal ink stream 25 Dgltal i nk

captured igmtH¥, @mkfgwgmqwafqréilewm Bail A0%ripe @'ﬂ@d&/m@halt@ebm pain 3§esther e.

G rcumscri 0 ect ner interpreted as a

sel ecti on gﬁl ef?‘?é ra@@?ﬁérl %81’6 V@@Fg"amélag aﬂ %’Q ‘E"Eié’f‘lefﬁger pretation
i's applg cation- sneé:hém% a&eé%leb@mﬁtﬂmgeﬁé rﬁé&ﬁérﬁcéﬁ?rr JorR REfhd PAdgfactions

with a netpage. 30 Table 2 - Summary of pen Interactions wth a netpage
33 bj ect Rypieerbeamp paiAciloatHsipe jdin ridGe Rutia | Behine kil mare amhomd atothelr

appl i cati onFor pnCl i ckSubm t qur to a pI i cationSel ectionClickS
sel ect i on TEEGHYS AnEIATIGHIR)? %R‘P}BWRH‘}OWQ%?@%WEF 13’(99{3)10 311

fiel dext I.H.Pé:% i ign ext to
fieldDr amg%ﬁ%;ﬁ% al 1 anefslesréen Cﬁg{ M%r%ﬁ?&&ﬁto %@Sgnat ureSi gnatureerify
digital ink sigriEigueds sgeweaahﬁlwagldfah afrhg BApHHiteh Odlerh OItIBOO, including a

29 cross section 315 of a printing element 300. The cross section 315 is shown without
ink, to clearly show the ink inlet 312 that passes through the silicon wafer 301.
Figures 19(a), 19(b) and 19(c) show the operating cycle of a Memjet™
printing element 300.
Figure 19(a) shows the quiescent position of the ink meniscus 316 prior to

30 printing an ink droplet. Ink is retained in the nozzle chamber by surface tension at the




assign digital signature to fieldNoneC rcunscriptionssign digital ink to
current selection The system maintains a current selection for each pen.
The sel ection consists sinply of the nbost recent stroke captured in the
background field. The selection is cleared after an inactivity tinmeout to
ensure predictable behavior. 5 The raw digital ink captured in every field
is retained on the netpage page server and is optionally transmtted with
the formdata when the formis subnittd® to the application. This allows
the application to interrogate the raw digital ink should it suspect the
original conversion, such as the conversion of handwitten text. This can,
f or exanpliek niemisshy 8lhambat thatfeudie s¢dl 305 dormdichetywedn tatrioazie Icharsber 304 f or s
whi ch fail certain | j cation-specific consistency checks. As an

ext ensi on %‘%%ﬁ“&&?’fﬁ@?gﬁﬁqﬁe background area of a form can be designated

as a drawi ng fieldy; B}Eﬂiﬁ Lcat | C@@? @@C I S t he
presence of digita ei n og’%}ag’gﬁ%}%@dexp ?gﬁa |e41%§b%tg9f1%%efféglﬁ1ﬁe 1%r%{troute
t he form temgmekonroll@pe thetdfrect@iinting cRarunDitlRs tHeiita, kA€ buSet thFaMtahave

i ndi cat ed apendnents to the filled-in fields outside of those fields. 15

Fi gur e 38 dHsWRe sleptredge 348 of die ackie petuater beast prinA08. Tys pauses apelectriealat i ve

t t T i St I Vi .at 884 troke f th
pen: 1 dentitrnns et AREE GEBRRTHEr e AR aRE st Pl uinlirHaoWsge 1D
SO i n the tebfigkeTHeeleRpsianr6 tifidreast tesultdly BER) JHREnNAYE A8SS thObLAR pair

identifying (at 887) a formatted el enent 839 whose zone 58 the stroke
i nt er sect 08de exparidnAs ghe passi8e 8gtusthebdae paihd0% smwaheatell, ¢ dove nvt epandgsponds

to a field elenent nd i.f. so appendi at.892) the_received stroke to the
5t t ol PR T SRR iffeRed BORHE Uk O pekat Pt (T §9%F CRECME S at od
di gi tad0 i Rlarofilyt RBofbEIH: HRNGnERN eI Biangr (Rl ot hehd is
part of a hyperyl i n?<ed gf}oup 866%2%8}%(15% g%t ?l\glcgttﬁl)t%g gtﬁgg%%?ﬁﬁ?g%bg
associ at edehgpertbwals tiad substogte i30&] Thalkvear a3 0ihirii@mif8ah)s mbenivar td the
formatted el ene fSﬁ]gends o.a hyperlink element and if so actjvating

i

(at 895) }quz SB'%“BE%L{? hEF° PRABESrShARIET )4 e vaabo el B0 misranido Ssrasiionof an
argital 1 rroSr P RECIARE e ARERGHT s Ak el MpCRGEH) S B vea

stroke t o rohele 02 ®idtcassheticiidomiRieca3 1tshn@bﬁrge.rﬂmnd@zz@,ﬂrﬁsomeﬂérﬁé fed by
t he re1gi5pstj ation server. Figure 38a shows a detailed flowhart of step 893

i n t heTdr delesmsgeshl 6 frorrisprigading acrogbe surfise of thewearlachambirgldal i nk of a

fieldis interprgted accordin 0.the 15 e he field. The pracess
consi sts of det eg%ﬁlnel tﬁlélpfrgﬁr%ggﬁhe\ﬂ?@flt?@}m bﬁg a?ﬁ?ép%eﬂ%afhéesc c%&?gaﬁ (at
897) whet hefurdshe idiotiigtral positior], TRICI&THh hAbre LR ke inRAtbyldt 339 RASHRNI NY
(at 898) a true value to the field value; alternatively determ ning (at
899) whet Hak 32hin the abzklé chamben)as shoveh th Bigurei 19(g oTlomzztet dhagbéais réfR) t he

di gi tal f the appropriate registration

ink to co ter text ith the hel
server, :atﬁ’é(tﬁ%%ﬁﬁ’%ﬁ&?%‘ﬁ%@@%ﬂ&%%&?@d conputer text to the field

val ue:agl ternat | gl ek Aol s PRI IS0 el Shihe SheapAna Ul e

field and if so verifying (at girtal ink a si gnature of the
pen' s ownexf thenptitthedueistiled llodidithef theprapar (tatieallyeioshml tn e descten 35Lr eat i ng
(at 904) aqdisgital ;f’anature of the cont ent s of the corresponding form
al so wi t h t§eSegmept shoymds Oglyun dang Gbouk 028 ofrai coraplelp prBthpxh. s

Das1 gnt ng AR fs bfer iéghBladifhsd e a6 Pin{iiq SARPRE AR AR, TG RBeag] 1
Server CorfasgdswdoPagedigiited priciERlagents 300, poitag thewit 6dlofsor faRgberkl ocal Iy

by the page server. It .o1perat es directly on form page and docunent

i nst arkes Supplisddy theinkdnletohi?and 907 can be a void form conmand 908, a

dupl i cate 30 forfy oMt P et nd REMEATERS h%uod S8k Lopmat at us
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
30  debris, filtered air is pumped through the air inlets 332 and out of the nozzle gnard holes




35 duplicate page command 912, a reset page command 913, a get page status
command 914, a duplicate docunent command 915, a reset docunent comrand
916, or a get docunent status comrand 917, as shown in Figure 39. A void
form command voi ds the corresponding forminstance. A duplicate 5 form
command voi ds the corresponding forminstance and then produces an active
printed copy of the current forminstance with field val ues preserved. The
copy contains the sane hyperlink transé®tion IDs as the original, and so is
i ndi stinguishable fromthe original to an application. A reset form conmand
voi ds the corresponding forminstance and then produces an active printed
copy of t hwrifigpmntingt Bonpeveittink 32&|fcbv diryies, the ndide gnatdds sélgewhilotha st at us
command produces, a printed report on the status of the corresponding form

i nst ance, ARSIy who published it, when it was printed, for whomit was
printed, ang thel'lfué’N@tﬁé pg'nof the forminstance. Since a form hyperlink

i nstance contains a transaction ID, the application has to be involved in
produci ng a new Tigy aetive séraingalevibe D8 tHeGTR 1206 sRddn MOtypicABya e ML SvHidlst ance
is therefore typically inplenmented as a hyperlink. A duplicate page conmand

produces dsgiitsteatbedégshcogirolierd 3doisableo saptntg avd gecadedRarosisionitags framea

backgr oun ield value preserved. If the .page,contains a form.or.is part of
a form t&)él%ét St ecsgafl%orpigeel%%?rﬁfﬁeﬁaori 15 g g fdevce Broyidad oyt AR e form
command. AppRahicHRES t& Eémﬁﬂgianaﬁlg%%ﬁg Reali fFdr&H we Al ots. i€aLQiHASRONdI Ng
page 20 instance wth the background field value discarded. If the page

cont ai ns angrordetask b¢lewp thet sysfernis ablmtotsanse when theseib ipdgecontactrsiil ths

interpreted as a reset formgcomuand. A get page.status command produces a
printed r 8BOP® @Hdtﬁg %ﬁ“alsug]giSftot ?Fé‘s%d?g%egltpén&?ﬂﬂerﬂa@ée it%ﬁa%%up’rarﬁl udi ng

who pufy | $hRdwiiting WREH 200 WRSorRbdiiahd {0 ' i the
status of any foI?grrswé?t con?@i rgggror S pa@tH%??%g&)f\r%&ggta{b%ggﬁgg%g&hi ch
appear s ortheyen ys eetrppige and wiseledslyy trasshdtted i@ thenpiifiten (clupdse cadtipnpahe

el enent. Wien a e instance js du‘gqli cated with field values preserved,

ag :
field val l!i’é‘gteéloégﬁeiswlgﬂ mtgrprotiag the,data withrespast to the (kpowmagraivciSpear s as

2, S andar § CheCkiRy ol g Lovc il B PHRBRER 180 SRS Ro 8L SBh o o

drawi ngs and signatures appear 1n their" 3l _
acconpani eghrkivigank tpen datchsgd aphintarkingi seyhid. MheSHAK@sS hiPect, RBFeSEY ALY €

verification.

15  necessary for using the netpage system as a browsing system, such as when it is used as
an Internet interface. Each netpage pen is registered with the netpage system and has a
unique pen ID 61. Figure 23 shows the netpage pen class diagram, reflecting pen-related
information maintained by a registration server 11 on the netpage network.

When either nib is in contact with a netpage, the pen determines its position

20  and orientation relative to the page. The nib is attached to a force sensor, and the force
on the nib is interpreted relative to a threshold to indicate whether the pen is “up” or
“down”. This allows a interactive element on the page to be ‘clicked’ by pressing with
the pen nib, in order to request, say, information from a network. Furthermore, the force
is captured as a continuous value to allow, say, the full dynamics of a signature to be

25  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

30 optics. Although the position resolution of the tag may be low, because the tag density




A duplicate docunent command produces a printed copy of the correspondi ng
docunent instance with background field values preserved. If the docunent
contains any forns, then the duplicate docunent comrand duplicates the
forms in the sane way 5 a duplicate form conmand does. A reset docunent
command produces a printed copy of the correspondi ng docunent instance with
background field val ues discarded. |If the docunent contains any forns, then
the reset document command resets the £6rnms in the sane way a reset form
command does. A get docunent status conmand produces a printed report on
the status of the correspondi ng docunent instance, including who 10

publ i shed dnt the wagmisiinvexsety prapottaaal foohe wgosize, thenaBusped psiibn rasodutidmeisst at us
of any forms it. gontains. Lf the page server co nd's "on sel ected”
attribute quétes%\gﬁ’ Fﬁ‘éetqglPﬁethEoﬂ’llFHﬂﬁ’”bﬁﬁﬁo Hon Frquir fgwécqrer@nhmwg&nsy t he
pen’s curngideniiflhection rather than on the page containing the conmand.
This allows & nenu of page server comrands to be printed. If 15 the target

page doesn't conPai sctianpeedstiveas \vaietanbchpalredrant séids diieolas iagnaked page
server command, then the conmand is jgnored. An application can provide
appl i cal i SRNEHE Of 1) SeqwEsel of HgneosiaapesbeRI PRitaRs evags pisiged dyra/pen-command

assoo! at eq T HERSERIH AW e SIERRATpRER Brenf A URAH b e BB huge
server conhapdge F BAOSE tHhe mé§lagé WHERSEEr She PRI 1D ShitgdsleRhich, idder nbingiden”

attribute i s set. A hidden command el enent does not” have an input zone on a
page and Sdrcumgigntespe abibeicommencethensof the sbyken user. It can, however, be

activated via a page server conmmand enbedded_in a different e, ILf that
page server comgﬁ% I}?i?gf’ &N %G%aggﬁr@ﬁtsgﬁm%géé] ‘t‘sts?‘ﬂﬁtfa&“g tih /“%.aog’“@‘r‘hﬁlDARD
FEATURRS GleMNaTRNGRR dopyldil pas@ | @kf8End %n’m@ea&ﬂbﬁtipmstaﬁlgea IO LfGyW th
the netpage logo at the " bottomto indicate that 1t is a netpage and

t her ef or e thasystem d¢e dscarddt pftepe defimsl. tifkd petiod) Thel amreat telection alesmibys hut t on.
I n nost cases essi ng. t he Iggo produ%es a copy of the page. 30 In the case

of ‘a for mre$lﬂ’é%r$d’t PHY PFigatRe 4§ copsishpf Hie meet @ﬁ?ﬁtr‘ggiﬁ@rig%‘gsﬁﬁhgicﬁptﬂﬁé case
of a through the pen relative to the background area of the page. It is interpreted in an
application-specific manner once it is submitted to an application via a selection
15  hyperlink activation.

Each pen has a current nib 824. This is the nib last notified by the pen to the
system. In the case of the default netpage pen described above, either the marking black
ink nib or the non-marking stylus nib is current. Each pen also has a current nib style
825. This is the nib style last associated with the pen by an application, e.g. in response

20 to the user selecting a color from a palette. The default nib style is the nib style
associated with the current nib. Strokes captured through a pen are tagged with the
current nib style. When the strokes are subsequently reproduced, they are reproduced in
the nib style with which they are tagged.

Whenever the pen is within range of a printer with which it can communicate,

25  the pen slowly flashes its “online” LED. When the pen fails to decode a stroke relative
to the page, 1t momentarily activates its “error” LED. When the pen succeeds in
decoding a stroke relative to the page, it momentarily activates its “ok’ LED.

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

30 of handwriting, and for online verification of signatures.




37 secure docunent, such as a ticket or coupon, the button elicits an

expl anatory note or advertising page. The default single-page copy function
is handl ed directly by the rel evant netpage page server. Special copy
functions are handled by linking the logo button to 5 an application. 1.9
USER HELP SYSTEM In a preferred enbodi nent, the netpage printer has a
single button | abelled "Hel p". Wen pressed it elicits a single page of

i nformation, including: status of pri ®er connection 10 status of printer
consunabl es top-level help nmenu docunent function nmenu op-level netpage

network directory The hel p nmenu provides a hierarchical nmanual on how to
use the netpage 1B° BSAsisaviclesyped arsumitsiiigifal ikt fodhe nethagei niintas véssa shoat-

fol |l ow ng 1:ONS ri capy .of .g docunent ri.nt a ¢l ean.co of a
Form pr et ek, 2ol Rtabh 3B SRR e Pt FEM A ar ca by
sinply prasskéized i HIRibANrARiskDANbU QY ERIHY ﬂﬁﬂiédﬁﬁgf%éﬁf-uﬁ QRnfiRCHEREt - The
status of a docunent indicates who publishéd it and when, to whomit was
del i ver ed,timaels heedlingdmitemtingdren it was subsequently subnitted as a form

The netpage net k directory allows the user tq vigate t he hjerarchy of
25 publYcat i ons\,\ﬁ)ri](‘fn 3‘@? Preés OBHO{'W&%%Q Ropmateral byhiery ggitﬁ]a{qu’é‘, nfegal yser

can call thembst Ragh RRLIES ci't';?QP"vé}‘{BﬁP%ﬁﬁt&e bf B%tgﬁgﬁssﬂalﬁ%tﬁge%eho a

human operator.” The operator can |ocate the desire ocunent afid route it
to the usehe pempisiontesgaiDapibindbmg offa frineerpio Gunaters ahy peffertddigittiihk.sher or the
user pays the small "ye|l ow pages” service fee. 30 The help pa%e S

obvi ousl y unavai fR5P&2% pe fagistssed Withany auphennieringers buhbecanse alkgtaje data

resides in netpages both on paper and on the network, it is largely immaterial which

10  printer a pen is communicating with at any particular ﬁme.
A preferred embodiment of the pen is described in greater detail in Section 6

- below, with reference to Figures 8 to 10.
17 NETPAGE INTERACTION
The netpage printer 601 receives data relating to a stroke from the pen 101
15 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 execute a movement, such as a stroke. The data allows the
identity of the particular page and associated interactive clement to be determined and
an indication of the relative positioning of the pen relative to the page to be obtained.
The indicating data is transmitted to the printer, where it resolves, via the DNS, the
20 page ID 50 of the stroke into the network address of the netpage page server 10 which
maintains the corresponding page instance 830. It then transmits the stroke to the page
server. If the page was recently identified in an earlier stroke, then the printer may
already have the address of the relevant page server in its cache. Each netpage consists
of a compact page layout maintained persistently by a netpage page server (see below).
25 The page layout refers to objects such as images, fonts and pieces of text, typically
stored elsewhere on the netpage network.

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

30 the type of the relevant element.




38 case the "error” light is Iit and the user can request renote diagnosis
over the network. 2 PERSONALI ZED PUBLI CATION MODEL In the foll ow ng
description, news is used as a canonical publication exanple to illustrate
personal i zati on nechani sns in the netpage system Although news is often 5
used in the limted sense of newspaper and newsnagazi ne news, the intended
scope in the present context is mﬁder.zgn t he netpage system the editorial
content and the advertising content of news publication are personalized
using different nechanisnms. The editorial content is personalized according
to the reader's explicitly stated and inplicitly captured i nterest 10
profile. The advgr tqligknds agwokntwhese g disinarg tigee beldieay thiopethdowBader ' s

| ocality . r i . ATI ON A supscr.i ber can
or s on t S RERE AP Mifeadent pbbhd BRiGlm BN i FOD AP REREEEL. 02
and those AhabjedewhicBris aaivaitest e a Fhick WhidaBly TeyvEred Wodlickabi RN tiduted, bad

aggregated and edited by the publisher, news streans are aggregated either
by a news gseeidinglien longdspirakeisdenered. 78w faduwes ofgqrengation, supleasa feleppytat i ons
typicaldy gorrespond to fradjtional newspapers and nens fhes, while
news stéﬁeacﬁjtfk’ctgﬁg%%m‘rﬂﬁwﬁ%aﬁ?ﬁil@’aﬁ?ﬁei%?kogr“gﬁ%e f?é‘%\g"efpgﬁc? g?gﬂé ‘news servi ce,
a cartoon strip, TRert! 88! GRC&inMs! bLNinsut CALMAMs @ L adpbeSpd hsdchipfipard, or
the reader's own e-mail. 20 Thg netn[l)%lge pu%flfclat?on S Fvg%ésuppo tls t he
publ i cat i drypeflinks and tbrmefedds dihit dabugns fam field amslssd dggre Greagtivition off

mul tiple news streans. By handling the aggregation and hence the formatting
of news st%%‘%@f@@egﬂx‘di rectly by the reader, the server is able to

pl ace advef gissi ng Egﬂ s over which it otherw se has no editorial
control. 25 ‘Fhe SM scriber builds a daily newspaper by sel ecting one or
more cthtributing ngedinkuisld main0oS sendiig £ rRAddgBdo & RAT0E apdlicatieh, wadsi on of
each. The resulting daily editions are printed and bound together into a
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Ti mes onl iapelication, examphe requisiliding: Paigh Gl the systerm' Katidwdd the user’s -
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the def aulinnubgelypcfink® 83dRI 16 ANRREHRNG. WRaflal heENPRARGEPYE! at i ng

(=
custom sections, €ach one drawing on any num news streans.
secti ons rhyphitlinkeleoreatitlest diagram isshdwraindigure @0ds' announcenent s

("Personal "), or_for nitoring news feeds for specific topics ("Alerts" or
"dippings"). Fo %C‘F’H@’EE"&“&SMS pefvatedadbe nsge | HET| Sendpecirequest 1 gmsj ze,

ei ther qualhfidki dj r e QL i y (i.e.

as alim fab 3n@%ﬂt°}s‘%h%§ﬁ%'g?&§?g%gég§%kaﬂ% %ﬂ%gk %ﬁebsnl ¥ g pl’rﬁ 8%5’? Hﬁ Or(% piolgﬁ&l

adver t2Gi 1, 64&idnliahe gpystication (D eb Yesdobred .in Mh@ horntd Wi vial tBAVDNR MEhere &6
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YRES|

pref erenc myeerhighks egenerpl Bywsrhinks 83t famekyrsrlinkssifg) rnd seteasionof

| tj.clLe icle.is ideall itt .edi ted) in 15_both
short and B8Rk FRE 4 Slcbirbinibi pHeR sl HybhickRh iRlelnen! 3oy 18 be
witten (orlisidt®dhment, @t g SMbly 8581 WNeretPerd®Bis B §ddfer. A form hyperlink

submits the corresponding form to the application. A selection hyperlink submits the

25  current selection to the application. If the current selection contains a single-word piece
of text, for example, the application may return a single-page document giving the
word’s meaning within the context in which it appears, or a translation into a different
language. Each hyperlink type is characterized by what information is submitted to the
application.

30 The corresponding hyperlink instance 862 records a transaction ID 55 which




expected sophistication of the reader, for exanple to provide children's
and adults' versions. The appropriate version is selected according to the
reader's age. The reader can specify a "readi ng age" which takes precedence
over their biological age. 20 The articles which make up each section are
selected and prioritized by the editors, and each is assigned a useful
lifetinme. By default they are delivered to all relevant subscribers, in
priority order, subject to space const3@ints in the subscribers' editions.
In sections where it is appropriate, the reader nmay optionally enable 25
col l aborative filtering. This is then applied to articles which have a

suf fi ci entday Heospgeificf tot fhargpagEdodtaraet orc wdhiakhthe hhygperdinkf instanéconppeatsl dher at i ve
filtering is printed w tﬁgra@i n butcétons at the end of  the article. The
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nore |ikele 1 ) . | . i cl ith

hi gh pri or?ﬂ%(lsﬂ(.}g{gaé]ag@gﬁ@??%é P%I??éﬁggﬁlg%ngal{lﬁfe@e% r&é:ﬁlgesﬁé%) ?l\eégﬁlll Og'obeez%l\#si dered
essenti al ofdadiseg by the editors and are delivered to nost rel evant 40
subscri bers. The reader optionally specifies a serendipity factor, either

qualitaively (el sygtempincipsigs thespandy puseentrsglection §Afnira seledtipn hxpenligh

serendi pi ty,. ol owers .the. .t hteshol d used for. hi ng duri .

col | abor at%egﬁﬁlgjl :T _}el? is}{lsg?m,&nﬂ}l%%%gc?f%ﬁmhﬁi@g qs§ocﬁﬁr5r$(tnggﬂsv_mf$g& B the

cor r espondbig h§eefihlo Aotiatibn, Behbigh € thd By 188 R sShriP Acld KELERRREI LY. A
different serendipity factor can be specified for different days of 'the
week. The ongaiignt sinescthe frst fomanl supmsssien i ireduded pTlos sysfenp inctudes hm effeativer est
within a section,.and thi.s . nmodifies the priorities assigned by the editors.
The speed rSW%nhP’e‘gg]@Fpethwg?’ﬂW%onnecti on affects the quality at which

10 i mages can be L der, ! | hfies ence
for fewer inngesAgir%Jpglxggllkiggrgr ? e%%f?sﬁ glg%?hélglllﬁgﬁ tt %%§%§%e$£o%@g¥§(éq£% i mages
i s not redyperdinkt dseshowneg &sgure P 1 b& hee linpoe becira thrdwykeinyofield ieleyneit irctheat

| ower resolution or with greater conpression), At a global [evel, the
reader spdEPyn dee WVY&H% "i?ﬁsé%l?teéléﬁqgk‘ihetgrﬁ‘ﬁ’slsa%ﬂvﬁ% eb dpperfigkebgroyp e

l'ocal i zed..,ThL ﬁséﬂ‘é%&é’o%?atesﬂﬁﬁmrﬁé l%%a%? &Jﬂﬁ 3 f"f'é?(l.l E@chaz{sea éhggkenrcjx‘:ih c3h also

be used, in conjunction with the “submit delta” attribute of a form hyperlink, to provide

15  continuous input to an application. It can therefore be used to support a “blackboard”
mteraction model, i.e. where input is captured and therefore shared as soon as it occurs.
1.7.2 Forms

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

20  parameters to an application software program running on a server.

A form 867 is a group element 838 in the document hierarchy. It ultimately
contains a set of terminal field elements 839. A form instance 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

25 type depends on the type of the corresponding field element. Each field value records
input through a particular printed form instance, i.e. through one or more printed
netpages. The form class diagram is shown in Figure 32.

Each form instance has a status 872 which indicates whether the form is

active, frozen, submitted, void or expired. A form is active when first printed. A form

30  becomes frozen once it is signed. A form becomes submitted once one of its submission




15 netric, a local timezone and tine format, and a |ocal currency, and
whet her the | ocalization consist of in situ translation or annotation.
These preferences are derived fromthe reader's locality by default. To
reduce reading difficulties caused by poor eyesight, the reader optionally
specifies a global preference for a |arger presentation. Both text and

i mges are scaled 20 accordingly, and less information is accommodat ed on
each page. The | anguage in which a newdlpublication is published, and its
correspondi ng text encoding, is a property of the publication and not a
preference expressed by the user. However, the netpage system can be

conf i gur echyperljpks iadesea uctivaed, anlasa el ypedink $es vis Casbriin dvlea” aiduglieses. 25
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and concermgy @t 8ls8Bmi 4 Borh@hbeaR! oAt btivendt £65¢h"i0 Elg&ﬁéd, and
Denogr aphi cs determ ne general interests and preoccupations as well as
likely 5 spseadielgitpan foemrgatusrepests publ i sher's nost profitable product is
advertising "spage’,.a nultidinmensional entity determ ned by the

publ i cat i on s geRtFLBRR LGS ISASEOCIAHb(E SILMER Ry DraErcs Igrived Som

r eader&hi | i : relsi-ng. In
o nerbags Eyop ol veral HslSty DR s e U 8 i VBl AT ol 1

appr oxi nmatpartimuldritindi peeiod itobabxcnded fifm as@dl.i cati on' s sal eabl e adverti sing

space on a per-section basis, taking into account the publication's
geogr aphi ¢ cover&dnpeing saptyed pssdigiddaks Rigitaliink &73zeonsisteatin sebadfer' s

section editi ' a r -1 S roportion, .a chr er's
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pieces of it to be sold separately. It therefore allows it to be sold at

cl oser13d o in¢lydesmge ovigntadon @t nibsfenepl Bhe digital salnelassdlisgraings spwisindiigurean be
sold in varying proportions to several advertisers, wth individual

r eader s’ g’gges random y receiving the adverti senent of one advertiser or
anot her, overall | &P [ c
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geography and denogr aphi cs. e subsequent saggregation 1's e ci ent
because i tAnysmark @nidk, @.crdds| 8 soeke s fill zipag, ®O% cagifeddhiavehcbioxplidliissher s
to deal with advertising aggregators than to directly capture adverti sing.
Even thougzﬁn?ﬁé‘s%t“&/'éﬁlfﬂagil%g’ pigpest torthg Beldsielg- a proportion of

advertising reve l5] r ind the ange, profit.30 ut,r al
because of gt he g)rgggyeﬁéigf}#gig ea%g%/@%?g e@]{gr‘%ﬁgt%h? fh‘g“’%&’(‘/tepr’gqrgigﬁgmy
aggr egat ordigiedl $nk cahPurs® i te:AURIATE SbRd ¥ REIMRRAIPYSFkied 26 Tex@Rth Millei shers,

and mazy pl ace the sane
5 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).

30 A signature field has an associated digital signature value 883, as shown in




advertisenment in nultiple publications. It is worth noting that ad

pl acenment in a netpage publication can be nore conplex than ad placenent in
the publication's traditional counterpart, because the 5 publication's
advertising space is nore conplex. Wiile ignoring the full conplexities of
negoti ati ons between advertisers, advertising aggregators and publishers,
the preferred formof the netpage system provi des sone autonated support
for these negotiations, including supp 2t for automated auctions of
advertising space. Automation is particularly desirable for the placenent
of advertisenments which 10 generate small anounts of incone, such as snal
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presentati on preferences custom zati on of "a publication I's fyprcally
publ i cat i Ovierifretiof iand Wrickr Sderitifizallén cUBhOSidalof @i AR PRRdrh RecbsnifiBa,Nt ai ned
by the rel evant netpage publication server. A collaborative filtering

vect or con$?ledZsNerZ d8)user' s rati ngs of a nunmber of news itens. It is used

to correl ate diffe t S:. {.nLerests .for. the r.pases, o in

r ecormendat i ons. RAfl @ﬁoﬂglﬁgﬁthlgrfgag‘e el g%eh({dgnt G‘ttﬁﬁliltﬁtliis ?'n‘é }g&i‘iinnglﬂél

col | abt@ atdlseerdtidobsridt heve/Linpihit 2one SRS hhd/ d&s rIPYccBAt ikt Uk 8hn RaYRldncat i on,
there are two reasons why it 30 is nore practical to naintain a separate

vect or f orasgesigiedfigldivele which isHoelodedin thk ddyn daa ivéien tiSfonmreentaimng &
bet ween thlﬁ (Xectugrs %I subscribers to the sane publication than between
t hose of s el; B o different publications; and a publication is Iikely

Tt e ) i ' | - f
to want to presefiyiiifs dghindsCAlchaka g}ﬁgog%# ﬁﬁﬁdaﬂ% ?ﬂgl%ﬁ&{ %aﬁ‘sallspﬁet 0

the value of its brand, not to be foun ere. Co orative tering
vect or s arrecagnized firofeemdiadds. mai nt ai ned by the 5 rel evant netpage publication
server,_Contact details, including nane, street address, ZI P Code, state,

count r{? t el ephoHEFaHEm BT dandyyaling’ spsenifion rlgertam &’iﬁ’d‘safr‘@ﬁ@&‘f ri-&i W&l by a
net page. L RGETEIRORERLNE e oft SRCALALhAR, RABLCHER Giink " 6le! Hifidalcgoe T O"
only to a bitmap of pen markings), it can recognize run-on discretely-written characters
with relatively high accuracy, without a writer-dependent training phase. A writer-
dependent model of handwriting is automatically generated over time, however, and
20 can be generated up-front if necessary,
Digital ink, as already stated, consists of a sequence of strokes. Any stroke
which starts in a particular element’s zone is appended to that element’s digital ink
stream, ready for interpretation. Any stroke not appended to an object’s digital ink
stream is appended to the background field’s digital ink stream.
25 Digital ink captured in the background field is interpreted as a selection
gesture. Circumscription of one or more objects is generally interpreted as a selection of

the circumscribed objects, although the actual interpretation is application-specific.

Table 2 summarises these various pen interactions with a netpage.

30 Table 2 - Summary of pen interactions with a netpage
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The system maintains a current selection for each pen. The selection consists

simply of the most recent stroke captured in the background field. The selection is

cleared after an inactivity timeout to ensure predictable behavior.

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

server and is optionally transmitted with the form data when the form is submitted to

the application. This allows the application to interrogate the raw digital ink should it

suspect the original conversion, such as the conversion of handwritten text. This can,

for example, involve human intervention at the application level for forms which fail

10

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.

15

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




The net page system can collect, on behalf of a printer provider, fees and
comm ssions on incone earned through publications printed on the provider's
printers. Such inconme can include advertising fees, click-through fees,
e-comer ce conmi ssions, and transaction fees. If the printer is owned by
the user, then the user is 15 the printer provider. Each user also has a
net page account 820 which is used to accunulate mcro debits and credits
(such as those described in the precedBsg paragraph); contact details 8l5,
i ncl udi ng nane, address and tel ephone nunbers; gl obal preferences 816,

i ncludi ng privacy, delivery and |ocalization settings; any nunber of
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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 flowchart of step 893 in the process shown in
Figure 38, where the accumulated digital ink of a field is interpreted according to the
15  type of the field. The process consists of determining (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 value to the field value; alternatively determining (at 899)
whether the field is a text field and if so converting (at 900) the digital ink to computer
text, with the help of the appropriate registration server, and assigning (at 901) the
20 converted computer text to the field value; alternatively determining (at 902) whether
the field is a signature field and if so verifying (at 903) the digital ink as the signature
of the pen’s owner, with the help of the appropriate registration server, creating (at 904)
a digital signature of the contents of the corresponding form, also with the help of the
registration server and using the pen owner’s private signature key relating to the
25 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 command 908, a duplicate

30 form command 909, a reset form command 910, a get form status command 911, a




advertising ratios on individual pages within the section, and the ad

| ayout al gorithm 10 exploits this. The algorithmis configured to attenpt
to co-locate closely tied editorial and advertising content, such as

pl acing ads for roofing material specifically within the publication
because of a special feature on do-it-yourself roofing repairs. The
editorial content selected for the user, including text and associ at ed

i mges and graphics, is then laid out 3cording to various aesthetic rules.
15 The entire process, including the selection of ads and the sel ection of
editorial content, nust be iterated once the | ayout has converged, to
attenpt t clupbeate phgsseimymah B e rebat pagerommendiftd asgat tpagn stafus eommethdr ence.

The secti ?ﬂi Si 243 Eret\f ﬁrence can, h \A@/Ser, be tched on average over tine,
al | owi ng si.gnfriuRbsatc acimet £9 i &rp Gnigset .OSMWW?M@M'P@OB’%% t he
docurent | ol il conlmbtl S0 RS Fefkk b.ent di stribution and
persistent storage on the netpage network: e primary efficiency nechani sm
i's the separati oA afid iforiro combiand vepRciht icoregpoading fote inkaices Aediglicae and

inforgg%io shared between nultiple_ users' editions. The specific
i nf or ne? | OATR SREIRANE wids Hie prrErsponsding formT instanpeead| thewr piodusssom 2BiYSi sts of

the 25 obj i Ut r r i_ncl udi i mages raphi cs,
and or ecedtii oy PURE bRt SRR ok MR i o Y e stV Pt (TR Fpnatls
repr esent afle bdind hypeHxiketgishétRnNBs e thd g hAIed SMs JindiSHipglishife Bohemsi bl e
Styl esheet Language (XSL). XSL provides precise control over text

formatti n@ﬂ&lrd\gﬁ@n@brﬁpwlyca@fm-t Re reseyiferm icommankdi voids Hee rceesposdibgi fogmset |

which in t.hi,s case.i s bein rovi ded t he ut.. The text .opj ect 30
Cont ai ne_ dHRSEAT g anEts el graitispey ot B i i Bher Sith eebatiang
enbedded  didarded PASRA LSRN sﬁhﬂto%xrhﬂalﬂlzﬁoméeb aldel] f’oggrtfdi’lr ﬁ‘i@tsutﬁbg%f M@ | mage
obj ect encodes an image in the JPEG 2000 wavel et -_ba ed conpressed | mage
Eg{/ rcr;)atf Acg?awgmglﬁgbyl’owt lneﬂant 'fﬁdeﬁladlﬁ@ \glc?phﬁal;she@ 1$Q9H1@bit]ce\ar3élepnmgd,qcﬂphl csd
or : e |ayou el f cons of . a series of placed inage an
graphi c og’}%?é’@? g,quipﬁ‘ﬁ‘?)é’ ?Ig(t{hﬁ %W%B‘F%E%é‘e?‘l’%ﬁﬁ‘ﬁn%i ch text objects flow,
hyperlinks and i | i 0, . 1.0ns.
These | ayout obj Selg%%a gdrrgJ g’ﬁ’%ﬁ‘g"?‘fj‘ ?gﬁﬁéeﬁ&%!g%ﬁey@@%gﬂ%% Isﬁgétﬁgl lgagnpact
format suito del iavéleed éi prwiveitly alinswr fobttinstAnc@Nd S0B6R gRuesthg Tabe® Brm

netpagﬁslayout oq%gcts Layout_ob{ectAttributeEornat of
s mstance 1s therefore typically implemented as a hyperlink.

A duplicate page command produces a printed copy of the corresponding page
instance with the background field value preserved. If the page contains a form or is
part of a form, then the duplicate page command is interpreted as a duplicate form
command. A reset page command produces a printed copy of the corresponding page

20 instance with the background field value discarded. If the page contains a form or is
part of a form, then the reset page command is interpreted as a reset form command. A
get page status command produces a printed report on the status of the corresponding
page instance, including who published it, when it was printed, for whom it was
printed, and the status of any forms it contains or is part of.

25 The netpage logo which appears on every netpage is usually associated with a
duplicate page element.

When a page instance is duplicated with field values preserved, field values
are printed in their native form, i.e. a checkmark appears as a standard checkmark
graphic, and text appears as typeset text. Only drawings and signatures appear in their

30 original form, with a signature accompanied by a standard graphic indicating successful




| i nked obj ect| magePosi ti onl mage obj ect | DPEG 2000G aphi cPosi ti onG aphic

obj ect | DSVGextfl owextfl ow | DoneOptional text object

| DML/ XSLHyper | i nkypeonepplication ID, etc.FieldypeMeani ngoneat ermarkone 2.6
DOCUMENT DI STRI BUTI ON As descri bed above, for purposes of efficient

di stribution and persistent 47 storage on the netpage network, a
user-specific page |layout is separated fromthe shared objects to which it
refers. Wien a subscribed publication 88 ready to be distributed, the

net page publication server allocates, with the help of the netpage ID
server 12, a unique ID for 5 each page, page instance, docunent, and
docunent |sigtafme werifidstioser ver conputes a set of optim zed subsets of the

shared content and C¥.eat Ss a multicast channel for each subset, and then
tags each user - spetPfiFaie AagRmat Gerpmand produeas & rsintedropyof thecagesrondingel s

whi ch Wi |13 eahEM ﬁl@tﬁp ftﬁ‘%a&%@@%ﬁ: %é?%l&.p&&%}veh.ayﬂﬁé .'doc-;r ! ent %rafl/t%rnst hen

poi ntcasts each user’s layout usersTprinter via'tne _

appr opr i atayfeges, sen\ks dupicste\@deimémeoR@iJnt Gaphiang the TN Bk8amBWali cast s

the shared content on the specified channels. ABer receiving its pointcast,
each pade sdmisptedpm spmmapd deesh crastiedpcirmenteonmrind praduces hamingddscoppeci f i ed

in the pa ayouts. ri.ng the. nultic s,. each e server an rinter
extracts 1% ff&irlﬁ %,(%rées %%g%&q‘méepfglﬁ % Wﬁ@}a&lﬁrgﬁdﬁggf@ﬁ@%éwqﬁgﬁ Iﬂbg page
layouts. ThRuRSAICRRENNG fORKsS iih SHY le¥et AoEthdR cbifiaha réLGThe RAMP P! ayout s
and shared content. Once a printer has received all the objects to which
its page |sappsuvay ratsst forheompmiand dpes: ¢\ geteddomrment etafus |coympmgd yradweds hayout
and t hen rastte i zes anﬂwpri nts_it. Under normal circunstances, the printer

prints padd¥ ?‘%EEPW Phs S of e pUTHRPRYRS SQoument JRTiARFoa Nslidine Whet  each
page ifpcC : 1 i : . I f t han
H00KE, T oy Fadh N TPRESpIHE BERAGAS RAIBARnR fe SHER of ay Bihg' 10

i nternal G#ddtaiesory, allowi ng for tenporary buffers etc. The printer

prints at a rate of one page per second. This is equivalent to 400KB or
about 3Mit of pHdke ergcacwer caupants “hrederted ayihiteds satghemihesppmessd
expected r, f : b Yer er a _broadband network. 25 Even under
abnormal Spei ol B8GhH8iRRN bEdke BERE Bl BR R et Ry op fRares, s

likely thabntahtingigRlcomimidndDEhigbliewd OnicA bephgelschRe chaRehdsSH bR pYinkaf gr e the
printer's 100-page internal storage capacity is exhausted. However, if the

pri nt el s thetasgas Rrendorsn’y corain affage seper ¢omemantchelerpertrforthe designdied pagabl e t o

make use %f a_ ol {i Cdﬁt %en it f('arst oc&urs. The net page publication
server 30 PN&r &4BPandtheniae sopmpRd S1ER0tedinnit requests for re-multicasts.

Wien a critical AHMEBRcAon 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
20 page server command.

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

25  attribute set.
1.8 STANDARD FEATURES OF NETPAGES

In the preferred form, each netpage is printed with the netpage logo at the
bottom to indicate that it is a netpage and therefore has interactive properties. The logo
also acts as a copy button. In most cases pressing the logo produces a copy of the page.

30 Inthe case of a form, the button produces a copy of the entire form. And in the case of a




48 requests is received or a tinmeout occurs, the server re-nmulticasts the
correspondi ng shared objects. Once a docunent is printed, a printer can
produce an exact duplicate at any tine by retrieving its page |ayouts and
contents fromthe rel evant page server. 5 2.7 ON-DEMAND DOCUMENTS When a
net page docunent is requested on demand, it can be personalized and
delivered in nmuch the sane way as a periodical. However, since there is no
shared content, delivery is made di rec%?y to the requesting printer wthout
the use of nmulticast. When a non-netpage docunent is requested on demand,
it is not personalized, 10 and it is delivered via a designated netpage

f or mat t i nFeEE WepUmRItcHich &F rtirkeson ¢oupan,atha dufien elicits anatqrneotpaye
formatti ng, Sehver is a special instance of a netpage publication server.
The net pagée %Fﬁlﬁtp?g‘?‘ig server has know edge of various Internet docunent
formats, includitg: 48RLR }Dgﬁ-}é t; C t ext
Mar kup Language (WM)@I%H%?%EE%CQE? of I—FW}S i%?ﬁ(gg% d(nlggg}) ngﬁgfﬂﬁ?}%{thi gher
15 resol utlietmgobagchserpri Bpeedhl pape fitnotipaseae ttandléd by dpking the dogaibitionaol um
format,_w th al.table of contents. It can automatically include all Wb
pages af?ré'E‘tEIPQI‘FﬁtlﬁRed to the requested page. The user can tune this

behavi or v«"ﬁg a %%ﬁ%ﬂﬁ%vs:mﬁ net page formatti ng server nmakes standard

net page behavior, 1ncluding rnteractivity and persistence, avail able on any
| nt er net documenin, a pesfedd e@nbotidient, tise ﬁ&?ag’ei @iimterahdd 4 eimpRt butloh 1abslirRE

know edge of different docunent formats from both the netpage printer and
t he net pagélchhgd/herpyessed ib glicitsiarirgle paggl of defermationhinchwingage syst em from Web

servers. 3 $ECURLTY. . PTCBBAPHY 25 Cryptography is used to protect
sensitive infor %aa}llso%\,pliﬁ(%?;&%ecs}?%r age and in transit, and to authenticate

partiefdto a traasacdfipinter LhRfuhaBles two cl asses of cryptography in

w despread use: secret-key cryptography and public-key cryptography. The
net page néet wor k teteyeblmalihmehasses of crypt ography. Secret-key cryptography,
also referred to, as s tric cryptography, uses the 30 sanme key to encrypt
and decrypt a nélgglgﬂg?%%loﬁé’?@l“es wi shing to exchange nmessages 49 nust

first arrange tQoSesul &ipag®reRAnRRirtdsnSecret key. |

-The help menu provides a hierarchical manual on how to use the netpage

15 system.. :

The document function menu includes the following fimctions:

. print a copy of a document
. print a clean copy of a form
. print the status of a document
20 A document function is initiated by simply pressing the buiton 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
25 publications and services on the network. As an alternative, the user can call the
netpage network “900” number “yellow pages” and speak to a human operator. The
operator can locate the desired document and route it to the user’s printer. Depending
on the document type, the publisher or the user pays the small “yellow pages™ service
fee.

30 The help page is obviously unavailable if the printer is unable to print. In this




Publ i c-key cryptography, also referred to as asymmetric cryptography, uses
two encryption keys. The two keys are mathematically related in such a way
that any nmessage encrypted using one key can only be decrypted using the
ot her key. One of 5 these keys is then published, while the other is kept
private. The public key is used to encrypt any nessage intended for the
hol der of the private key. Once encrypted using the public key, a nessage
can only be decrypted using the privat#key. Thus two parties can securely
exchange nmessages without first having to exchange a secret key. To ensure
that the private key is secure, it is normal for the holder of the private
key to gervescthe “erner” Kight isdit and e kércak esquestyphoigdaghysis averlhikee neteorkt 0 creat e
a digital ,signatyre. The holder of the private key can create a known hash
of a msssa{)e and" ERRAN p't’B'-t'%T'ﬂ'&MP[fFé-i ng the private key. Anyone can
then verify thatyt : : i Lyt " S re" he

hol der of the prllnvtgfggﬁg)g}ﬂ%hgﬁn esﬁé%?]gt?%)ﬁ%eﬁg?%ﬁar |%%ngir?ﬁérra§g§§}é%£%§ 15
decr ypt i ngotilstrateqreyhslizatias odbirigng methe ubtbhge dsetena MdihvaEh hotvdg ofleg hash
agai nst_the message. |If the signature is appended to the nessage, then the
reci pi eht Used ihibe fgitcdgentent negispaner bt newseagarine npws dhyintended senperie and
that it h l.tered in transit. To make public-key cryptography
wor K, theﬁgeﬁ%éen?gglﬁeeﬁésy/\%fnto di stribute public keys which prevents

i nper sonati on. T the in$tpags BPddn, BENAitHFAINGnfeRl bnd tealRenang Hiapebt bfi cate
authorities. Acertificate authority is a trusted third party which

aut hent i cawews puhlicagion mecpéromaliztdmesing diffordnl imecheaysnamn The editonind 'contenteint i ty.

The certificate.authority verifies,the . .person's identjty by exam ning
i dentity SEQRIRY 2ot i heieadi sk Rlib Ty siied %ﬂddingatl&cgﬁf ebhyed e
contaifpn 1Ssit L ] i . trusts
Che cort | Frome. PR pRriihg Soliuts DplsBhalBef AEoPalt 1 diClaa Y AR AR LY 55

a hi gh degleswgophirertai nty that it is genuine. They just have to verify

that the certificate has i ndeed been signed by the certificate authority,
whose publé- keyé?'gomi-lem!-‘zﬁﬁoﬂnst transaction environnents,

public-key cfyP! 2aLaRAYeA SmQhy HIEH KiRisHiGRHR sGhd Thosd HRAM §51cGRT 1O
securely exchange secret session keys. Secret-key cryp(f ography 1s uSed for
all ot her puuligmisas. a@D theset that fRliv@Wnbgs dinsams.s Widle WoRD pdliesittnsearks made
to the secure 50 transm ssion of information between a netpage printer
and a ergsregoipd end edited by theaybbisher, newsriteamp ereprgagstedohithar by atriews

' ok thenticates it wi fer. t tificat
it hor iy Pubick BRBY 3B ye Rk BRetruth e Biekcar i Bt Blhange
a secret s@IsURidnkieNewdphbers R $8WY¥BhgazfiRE WHBO nbRESrthe SBCHEMaAFIAION key

to 5 encrypt the nessage data. A sesSion key, by definition, can” have an
arbi trari [wriedior t'ram’”f mewsnieed Jropn AEFERAGENREY, MTERoSEGHIR, oY fiEelaicenetipey e

printer is assigned ir. of unique identifiers at tine of manufacture
whi ch arecgﬁlmlbg%wd?%g@i%lﬂﬁt&? %%r? %k H&WBLIAer and in the net page 10
[ egi Stagati on Serper ndhabdustcaldh Ldriat | lfon?Bfl

identifies the pri ntngl?) %%%?helcanet page n%tpgg?i.m%féﬂgg%%ﬁdgfﬁuﬁéﬂg?g%et and
i s used whpabli¢dtienpras el as shef aggégatiogi cft @uRBRlORewH &trowhavB K hamlizig thee
printer connects to the netpage network for the first tine after

i nst al | at iP8&Fesptoncandicuge thestogmaiting of Bawe steams selectedcdiyectlyity. theweadennsmi t s
t he secre G- t he net page regi,stration
R i S L s e L
recor ded iconfréls dat abase, and accepts the registration if the 117s match.
It then creates and signs a certificate containing the printer's public ID
and p@i ic si gnathawbraiper bwililssrdsily aewbpaperhyt sel¢ctiag ene or mioee cangyilsttingt i on

dat abase. _20 The,.net page reqistration server acts_.as .a gcertifjcate.
aut nor s Cy "FOr TSRS F e Sinedania Serdtn 208D T vtitRBitia i on
al | owi ng ieliitioRs YRS printedidd b RinditSEMedr tidto a¥iRile ﬁeM%BeE 48 GatiBESmERbars

publication, a record is created in the netpage registration server
dat abase afithonsehplgypinglyperpidss beeir different interdsteearltbdteciat sederting diffeeent

daily publications and then customizing them.

30 For each publication, the reader optionally selects specific sections. Some




user's default printer or a specified printer. Every docunment sent to a
printer via a page 25 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
aut horized to deliver the publication to the specified user. The page
server verifies the signature using the publisher's public key, obtained
fromthe publisher's certificate store@8i n the registration database. 30
The netpage regi stration server accepts requests to add printing

aut hori zati ons 51 to the database, so long as those requests are
initiated SEFHOTS appparr daglys wditle dthass eppeap meaklyr The d3iNESPAGE aPENDBEDURI TY

Each net page. pen s .assigned..a upique identifier_at ti of,, uf acfure
which is 2?%"? g‘fﬁ“’i X%F%fdmgﬁloﬁhﬂ%n%’lr %WP hangjude ahees Qg HEuFet enfﬁs

regi st rat i GhreRRRYLN”, JeOFaRRE, “BusEsDO MR HhotNauehyobOenif ies dne pen
on the netpage network. A net pagse p(saﬁ can "1I<n§vx7' a nugog?’or%ddneitﬁ%géé
printers, Hrebehofaviarlstde sactiond Isnpedifiatonapdidicatidn, peisshe defpdnsubesnmuni cat es

with a gri nt er ngﬁ a radi o frequency. signal whenever it is within range of
the prifter. OncelarPest SREXnA thedaily Rovspapes byrcaerting stomessations gachx change

[ Kk : t ] igital gnk t 10 inter, th
g el R B SRt b r I B BF el G

ink i s neuasil tandnfientd enriotnéditentd €PersofalPNos F&H BBNROMAS TeR K683 F@r every
printer it knows, .indexed by printer ID and a printer stores a session key
for every %Eéﬁﬁpfopk%dvxé,leﬁsnéé@@mggspbn ID. Both have a large but finite

storage capacityrfo esston keys,. and will forget. a.sessjon key on a 15
| east-recent|y- ug(gerd‘g aﬁgssf%th ﬂhe_e%igg%ra? on eﬁpeﬁlf%éﬁtsc%?ﬁe@ % ‘FﬂaﬁYE}t‘é{EléIe of a
printetQ teg. s, aRdiudt,ionlds) HraaMéAtalWEENRra B8 ¥n O AMMBECLY RERS ang! T t hey
don't know each other, then the printer determ nes whether 1t I's supposed

to know t Hbe gesired Praportignydft adwertisingy eithenmpdlstivebo@ies bighhroneh, Ibel nogs, to a
user who is re LStﬁhgd to use %he printer. If the printer is neant to 20
know the pERUBHFCYRELS 452 RFEHIAEE)- i niti ates the automatic pen registration

provedure. 11 oAl loo GRobaEARk SO RO ARG 4

the pen to ignore it unti he p s place I'ng cup,

time it irddidles s dnidl meghestof ddngenarficles. ok articlds adbdily meltteh ort ddite@uill i ¢ | D,
the pep.cqntains a secret key-exchange key. The key-exchange key is al so
record ﬂ}‘i’ﬂi ﬂ’@”r?é‘@é‘é@%ﬁ SFUPRPt HhS prsfrencedat abase at tine of 25

manuf acture. Durj ¢ @QLSLr.Aall Jtransmits its pen. Dt he

rintor: and Che Baragnmd did 6 weldf GEQIGERT Prtefiat ViR Pt R f on
server. Thapesed esphieietiat of ik fAde] ft ke¥npldto PRSIdY EMIdEn’3Ndd RRAIIE O USe,
and securely transmts the session key to the printer. It also transmts a

copy of t HErsienssThnapugpEste vyjsioads whledicd hecopding to eyrexdsinarmge. Klagyreadére
Pl S el 5, SRR P Bl R S A BRE, 0o 1S,
key 2P internafhe/articlRdangeh Biake G REh BE@fon e selected and prioritized by the
editors, and each is assigned a useful lifetime. By default they are delivered to all
relevant subscribers, in priority order, subject to space constraints in the subscribers’
editions.
In sections where it is appropriate, the reader may optionally enable
25  collaborative filtering. This is then applied to articles which have a sufficiently long
lifetime. Each article which qualifies for collaborative filtering is printed with rating
buttons at the end of the article. The buttons can provide an easy choice (e.g. “liked”
and “disliked’), making it more likely that readers will bother to rate the article.
Articles with high priorities and short lifetimes are therefore effectively

30 considered essential reading by the editors and are delivered to most relevant




Al t hough 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.
When a previously unregistered pen is first registered, it is of limted
use until 5 it is linked to a user. A registered but "un-owned" pen is only
allowed to be used to request and fill in netpage user and pen registration
forms, to register a new user to which the new pen is automatically |inked,
or to add a new pen to an existing usef9 The pen uses secret-key rather

t han public-key encryption because of hardware performance constraints in
the pen. 10 3.4 SECURE DOCUMENTS The net page system supports the delivery
of secure H¥B¥HRESt s such as tickets and coupons. The netpage printer

i ncludes a facil i.nt ter Wi reques

from publ i shers '\t,‘\%é/reg&%' ﬁﬁoflgg?@egiﬁ%ﬁ@r#ef%’(bﬁilplq’hfl@‘nﬂﬁbql lhg‘r‘ g’af%s its
authority do%rﬁfohﬂtsul\fs?i%@fﬂ%?rdf%uhﬁnbélﬁr saeﬁlgh Lleadifity Wl oW dts ﬂ&rm&%ﬁ&d' s able
to 15 authenticate. The "watermark” "printing process uses an alternative

di t her mmatusedkfarmateheng dureg colabenties filteringgAdnigh fiktor nekpaiy enorBiikély tiet back
pages nt in_mnor-.i ma e wat. ﬁr naéﬁe({eegl ons whi ch ¢oi nci de when, printed.

The di ttherMHEPFsspeuding & t‘i"ﬂ volPea tPethe geaslsxs smw&m%g%é et e
designed t O regions are viewed

t oget her, s@reﬁ&@ﬁggﬁ‘ct&% EEI%JC% ?gﬁ‘éﬁfe G%I(EH ri %tlghee kget The effect is

sinlar to a \Nat"ﬂlierrvfmﬁeﬂ alst mptuonmy spaidfiesviopidsl & phreiulbooiteregt ithinhy one
side of the page, and is_|ost when the p @ge i s copied by normal neans.
Pages of dSeetifmeabibisrpodifectis moprities Q?@ﬂgn biuﬁiﬁﬁ@lt‘?fﬁe built-in netpage copy

mechani sm descrlﬂ% Sﬂ @%%%ct%q ad]er gég e ca'é%hl iﬁgﬁ(géh%g%‘g@%y n‘g]é]gﬁt pages

on 25 net page- awar e tocopi ers. er at ed

as part0 Of1m@g&%ﬁﬁﬁi’e&i%lﬁéré@ SEft TS opff&ﬁﬂycsﬁéblﬁ&e‘{? cBirbndeT6F HkRr ififoelSer’ s
phot ograph wni ch was captured when the user registered bionmetric

i nf or mat | & swialler imegenen il d f theppuabeator size o€ images insotdedwneil péen imagdect i on
\2/ er ;]f §0| :/\hen l%rc%?ne/gfte glt f’c\)n“;[ep quah%? &uer &t lg\?vtep oY elutq(%: grrrenh gretatgg ccr)rﬁlglle slloenr)]t can
At a global level, the reader specifies how quantities, dates, times and
monetary values are localized. This involves specifying whether units are imperial or
15 metric, a local timezone and time format, and a local currency, and whether the
localization consist of in situ translation or annotation. These preferences are derived
from the reader’s locality by default.
To reduce reading difficulties caused by poor eyesight, the reader optionally
specifies a global preference for a larger presentation. Both text and images are scaled
20 accordingly, and less information is accommodated on each page.
The language in which a news publication is published, and its corresponding
text encoding, is a property of the publication and not a preference expressed by the
user. However, the netpage system can be configured to provide automatic translation
services in various guises.
25 22 ADVERTISING LOCALIZATION AND TARGETING
The personalization of the editorial content directly affects the advertising
content, because advertising is typically placed to exploit the editorial context. Travel
ads, for example, are more likely to appear in a travel section than elsewhere. The value
of the editorial content to an advertiser (and therefore to the publisher) lies in its ability

30 to attract large numbers of readers with the right demographics.




53 authenticity by requesting its status in the usual way. The uni que |ID of
a secure docunent is only valid for the lifetime of the docunent, and
secure docunent IDs are allocated non-contiguously to prevent their

predi ction by opportunistic forgers. A secure docunent verification pen can
be devel oped with built-in feedback on 5 verification failure, to support
easy point-of presentation docunent verification. Cearly neither the
wat er mark nor the user's phot ograph ardlsecure in a crypt ographi ¢ sense.
They sinply provide a significant obstacle to casual forgery. Online
docunent verification, particularly using a verification pen, provides an
added | evel of sEHeetiveyadipdwsmg s placadeeridlr; baris of docality hndh demegtaphies.y

i Mmune to org rbes..l

0 3.5. EPUDI ATI ON Ln the net tem f
TR A e e R T A R T

subm tted Dy Use
per si st entjhirdifsC hhd €6oRBrm hRBESeB2URHS Y/ Wbl Edmibinity) S egﬁrd gsible
for recipients to repudi ate delivery. E-comrerce paynents made through the
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: : In comparison with other media, the netpage system allows the advertising

15  space to 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.

For 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

20 sold to each advertiser.

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

Because personalization and localization are handled automatically by netpage

25 publication servers, an advertising aggregator can provide arbitrarily broad coverage of
both geography and demographics. The subsequent disaggregation is efficient because
it is automatic. This makes it more cost-effective for publishers to deal with advertising
aggregators than to directly capture advertising. Even though the advertising aggregator
is taking a proportion of advertising revenue, publishers may find the change profit-

30 neutral because of the greater efficiency of aggregation. The advertising aggregator acts



cardhol der keys and certificates on a server and give the cardhol der access
via a password have net with sonme success. 4.2 SET PAYMENTS In the netpage
systemthe netpage registration server acts as a proxy for the 5 netpage
user (i.e. the cardholder) in SET paynment transactions. The netpage system
uses bionetrics to authenticate the user and authorize SET paynents.
Because the systemis pen-based, the bionetric used is the user's on |ine
signature, consisting of tine-varying ﬁ%n position and pressure. A
fingerprint bionetric can al so be used by designing a fingerprint sensor
into the pen, although at a 10 higher cost. The type of bionetric used only
af fects t s amphigracdaryt beiwbem pdvertisers mof puidishars.nand 2y plcaspeceseof t he
system The, first ste 0 ,bei ble to nake SET paynents is to register
Sayide e Mdy Rusliaf

the user's YRye registration server. This is done in

a control | ed envitrigRFRH notify HaK IR eReORKa nﬁ%?é@ plibiEeaRb? WL 'BieQn&%n be

captured at the sane tine as the user's. 15 1d ty 1s verified. The
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the user's record, The user's photograph_ is _al so optionally captured and
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dat abase. The User's paynent card | hfor SO store grving the

net page r qgefetredtfbon dfethe eetRipe Ughtehh bfgvidisi @md autdthabiedt sipofthor sk’ S
proxy in any SET paynent transaction. Wen the user eventually supplies the
bi onet ri ¢ REgOBBIAHFetiBeludiggy sapRort fioF awampled Byctidngniodgadverisinggepaes-der

f the pri . h i ion, th I D and
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25 then on acts as the user's proxy in conpleting the SET paynment
transaction. 4. 30MCREBCEMNNENT DeTih megasiapaly ¢hes yagregatomedptides amd pditshtei sm f or
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in printing advertising material. T epends on the |eve
publication server lays out each user’s personalized publication, it picks the relevant
15 advertiéements from the netpage ad server.
2.3 USER PROFILES
2.3.1 Information Filtering
The personalization of news and other publications relies on an assortment of

user-specific profile information, including:

20 o publication customizations
. collaborative filtering vectors
. contact details
. presentation preferences

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

A collaborative filtering vector consists of the user’s ratings of a number of
news items. It is used to correlate different users’ interests for the purposes of making
recommendations. Although there are benefits to maintaining a single collaborative
filtering vector independently of any particular publication, there are two reasons why it

30  is more practical to maintain a separate vector for each publication; there is likely to be



55 subsidy al ready provided to the user. Wen the user registers for
e-commerce, a network account is established which aggregates

m cro- paynents. The user receives a statement on a regular basis, and can
settle any outstanding debit bal ance using the standard paynent mechani sm
5 The network account can be extended to aggregate subscription fees for
periodicals, which would al so ot herwi se_be presented to the user in the
formof individual statenments. 4.4 T ACTI ONS When a user requests a

net page in a particular application context, the 10 application is able to
enbed a user-specifjc transaction ID 55 in the page. Subsequent i nput

t hrough t HBOTSQyeriam betwgeretheiectors plesubparibsesctoithe same pulflisatiore thap peiveesti on i s

t hereby a t | ish & ropriate context. for. the.user's input. Wen
nput oo i bAoAt AR ARy 0 £ Bhuiciion X HER er v e

appl i cat i qiteselisits tiseds’ tthRabeSR/IveSiltRing YRctbFeRJat Yol tRe 8L BE its BradCARIEXT . A
typical exanple 1 5 involves adding itens froma pre-printed catal og page

to the usdre found elseyaiere. Slodlpbiragvacfiltering VEotopy ait dladreforeeal srsmualngaiped hyaihy,
howeverz the u igt%e us%r. I D 60 known to the netpage systemis not divul ged
to appl?caf?fe?ﬁ’fg.n APSPYICEPISPEXFENt di fferent application providers from
easily corr el al| OguhOdERSROSIdngSEHILLALALRRARY S Hoadlalae HagyRt Page
regi stration server instead maintains an anonynous relationship et ween
a user andelaphanepiumbets, are global dyunitgeeand drasnaiflaitbd bas maee rédisthatignr e 24.
Whenever the user activates a hyperlink tagged with the "regi stered"
attribut e,5tWE& net page page server asks the netpage registration server to

t late th i i ti ith t ID 61,
hto an al i s 1o gERiRS ARRER LR udde OHBRIRL, ik o BaRE e
appl i cH i dikewe glétal appinbi@adinedrin Ml fahRiwg. st ate i nformati on i ndexed by

alias ID, and is _able to retrieve user-specific state information w thout
know edge of thellyfl itsalizafige of jadyersiping eliessen theTloealyy dndirated o theaiiset’ai ns an

i LR TR S
the user hidaf iMtD, gdddkr, GRkriaD sBRRS ihdod, THrefc8BbA, Ofucatiotf or qualitative
- derivatives such as age range and income range.

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

Each user, pen, printer, application provider and application is assigned its

20 own unique identifier, and the netpage registration server maintains the relationships
between them, as shown in Figures 21, 22, 23 and 24. For registration purposes, a
publisher is a special kind of application provider, and a publication is a special kind of
application.

Each user 800 may be authorized to use any number of printers 802, and each

25 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

30 the ID when it is required.




To assist the systemin routing product bar code (UPC) "hyperlink"
activations, the systemrecords a favorite application on behalf of the
user for any nunber of product types. Each application is associated with an
application provider, and the system5 maintains an account on behal f of
each application provider, to allowit to credit and debit the provider for
click-through fees etc. An application provider can be a publisher of

peri odi cal subscribed content. The sysﬂ mrecords the user's willingness to
recei ve the subscribed publication, as well as the expected frequency of
publication. 1 O 4.5 RESOURCE DESCRI PTI ONS AND COPYRI GHT A_Ereferred

enbodi nent of a Ma¥BLE deerdubegibes i808 1ol apublicatign 807, shes putlishen 869 gis-e 40.

Each docu . and caont.en bj ect, nay ,be descri bed by .one or re resource
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(WBC) Resouixkadesveriipdane 80Ertatrepen ks {pRENEL to A singouser df dasanis pithaizedny
identify ri glht s hal d]ggs . 920, Thgaane,t %age system automatically transfers
copyri ght 'PUESapaEFMatRmer thepithat PEnes Fesapizesmy of dsrusers PHS. 20 copyri ght
content. 5 (I]\/I\/L)Mé‘ﬁgﬂ 000 C | i I : fnes an
ordered exchange of ne@lgsgg%@gtet V\egenﬁign% |esn.ﬁﬂ.1tgln]%fgﬁgr%rflig% %%@éa‘g%’g%
entities sueticuds nppage registratier sresdvis ePNS itlthc isedl wvayset of defi ned
protocols to cooperatively handle user interaction with the 25 netpage

system Each profto¥s? tsrainal BOR eanchoantharizgd jo printpnscppresiia nsingge annien whi ch

i mensi on ATEOENHREE phE PR d BuleBREHERL I8 R BB o8 O

rect ant) e wwanérédilyigintdiorN A ReRbst hb®agOpridyr. and a vertical col um
representing the lifeline of the entity. During the tine 30 an entity

exists, the |ifelhnacipags hgsiim 2en codeshed behald.of Dupringr tphevidérméeearendnt i ty
ot oo YGRS SRk oA B sy W pRERE RS o
general |y gikh Sh@nle 8&nSOQBluAS advediding Y t&c82SARk-through fees, e-commerce
commissions, and transaction fees. If the printer is owned by the user, then the user is
15 the printer provider,
Each user also has a netpage account 820 which is used to accumulate micro-
debits and credits (such as those described in the preceding paragraph); contact details
815, including name, address and telephone numbers; global preferences 816, including
privacy, delivery and localization settings; any number of biometric records 817,
20  containing the user’s encoded signature 818, fingerprint 819 etc; a handwriting model
819 automatically maintained by the system; and SET payment card accounts 821 with
which e-commerce payments can be made.
23.2 Favorites List
A netpage user can maintain a list 922 of “favorites” - links to useful
25 documents etc. on the netpage network. The list is maintained by the system on the
user’s behalf. It is organized as a hierarchy of folders 924, a preferrred embodiment of
which is shown in the class diagram in Figure 41.
2.3.3 History List
The system maintains a history list 929 on each user’s behalf, containing links

30 to documents etc. accessed by the user through the netpage system. It is organized as a




to participate in a protocol. 5.1 SUBSCRI PTI ON DELI VERY PROTOCCCOL 5 A
preferred enbodi nent of a subscription delivery protocol is shown in Figure
43. A |l arge nunber of users nmay subscribe to a periodical publication. Each
user's edition may be laid out differently, but many users' editions wll
share common content such as text objects and i nage objects. The
subscription delivery protocol 10 therefore delivers docunent structures to
i ndi vidual printers via pointcast, but48elivers shared content objects via
mul ti cast. The application (i.e. publisher) first obtains a docunent ID 51
for each docunment froman ID server 12. 3t then sends each docunent

st ruct ur e, datqrendgegillist,i a refiortadnenvodiDentnef whigh islelbawvn pt thendasstdagriva ipage
server 10 .eﬁgggsible for the 15 docunent's newly allocated ID. It includes
its own aﬁ%g ation )D 64, the subscriber's alias ID 65, and the rel evant
set of nulgjgcastgBangehr PRBESaybbTS! 9ns the nessage using its private
signature key. The page server uses the application ID and alias IDto
obtai n from the Tegndpagatpublica®nservet heomatidalis poRdubthepagss dfRaBPusdie
user's gsel ected, rinéer,ID 62 20 (which may be explicitly selected for the
appl i caf i di¥rsogs lf?éyu licatig opaaectiondaf-sagtion gaﬁlﬁaﬁm‘i}? magheflverisempps bttt on' s

certificatg | ¢ i.an' ificate,al lL.ows,the server. tq verify
t he nessageeg%gﬁ%?ﬁ%g?ﬁﬁﬁgﬁggégﬁgé%&%;'%eﬁ%%ﬁg§?t %PP%£3%§51§%F=F?%ﬁ server
fails if tdeateapplication ID and alias ID don't together identify a

subscription 808. 25 The page server then allocates docunent and page
i nstance | Ds andThoedesrdsng Hatip foe adsestion pan ores acliiensdudithgwiddiyevarPmg50, to

the bri nt averkbink JEUHCER indfadal RERVIRAn? hefRuig B v 08 AEEROs t o
the apfd i capiots tﬁi@.rTﬁdJﬂgéﬁthﬁﬁfs%ﬁﬂgﬁed 30 2f2}66: bNS- 18044 Eﬁsébl& ?13d NaRorial

distributed all of the docunent structures to the 58 subScribers’

sel ect ed pindpdesrtising gonthet, sushes plicinpuls feeronéing matdrialvspecifally sithirethear i ous
subsets of bgetsh red obtectsﬁgP t he previously selected multicast

channel s. B8, ?P‘BH%&C@"Q?Q 3 $Pegiay fahurn Pl A tvniirsedf ropiRe ppFopri ate nul ti cast
channel s and recegj g heqr i j . ble to
popul ate the pr gﬁ%ggﬁﬁﬁéoﬁoﬁﬁggé Egteg?étqngéltuggt ?ﬁ%ﬁ(ﬁ?‘ggg}&%ﬁ a%ﬁgﬁgtemg t he
page: ser vemagesand giaphinspisehen ldidawrasdosding td Veelols aesthetic rules.

15 The entire process, including the selection of ads and the selection of editorial

content, must be iterated once the layout has converged, to attempt to more closely
achieve the user’s stated section size preference. The section size preference can,
however, be matched on average over time, allowing significant day-to-day variations.

2.5 DOCUMENT FORMAT

20 Once the document is laid out, it is encoded for efficient distribution and

persistent storage on the netpage network.

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

25 objects to which the page layout refers, including images, graphics, and pieces of text.

A text object contains fully-formatied text represented in the Extensible
Markup Language (XML) using the Extensible Stylesheet Language (XSL). XSL
provides precise control over text formatting independently of the region into which the
text is being set, which in this case is being provided by the layout. The text object

30 contains embedded language codes to enable automatic translation, and embedded




dat abases, and it allows the printers to print the docunents. 5.2

HYPERLI NKACTI VATI ON PROTOCOL A preferred enbodi nent of a hyperlink
activation protocol is shown in Figure 45. 10 When a user clicks on a

net page with a net page pen, the pen conmmunicates the click to the nearest
net page printer 60l. The click identifies the page and a | ocation on the
page. The printer already knows the 1D,61 of the pen fromthe pen
connection protocol. The printer deternines, via the DNS, the network
address of the page server 15 10a handling the particul ar page 1D 50. The-
addr ess ady. be in.its cache,if the user has recently interacted
with the%@éﬂﬁgagﬁn?sn@aﬂ)q}vhtﬁé’ﬁratgﬁghf?@?a\m%s the pen ID, its own printer
| D 62, the page AR eChh I § t: page % 1 erver
| oads t he page desc?iii%i onﬁ!ét iegéebg%% 19€I[h ec}lf’?llzol%tbtEi Heﬁ%agjgﬁqlgﬁgon gjt%g?%eﬁes
whi ch i npwompressshimageAdomeats3, graphianbject trcodéd £RD graphic in SAslsblaivigtarhe 20
rel evant ;@lpgltg e nt is a hyperlink elenent 844, the page server then
obt ai ns t NEBYEY %ol i cation ID 64 and link ID 54, and deternines,
via thesDNS, th . . i i erver hosting.the
2ppl i ot ion 71, Tho HALEraireaReobe b RiREDE bRt el BiF el 40

cor r espondinked tsefiow Bbjebts fthough kexidhagkisdtjedtd 86wsBYpeelinks bind 3Asht IHRRR as

al l ocates a globally unique hyperlink request 25 I'D 52 and builds a

hyper | i nk deggiihed gbavsy anfﬁweteﬁw@rrﬁmks. lheiedayous ohjssts dragymamanized dindwblei n

Fi gure 44. Lk request rec S. 1 | of . the requesting user and
printer, g’niﬂfg%@}é& Sﬁéegc?rhg&g??rgﬁéﬂn %efPT ?ﬁﬁlefl @’?@r‘?&ﬁo%%@%qrﬁ%&page server
then sends its own server ID 53, the hyperlink request ID, and the link ID
to the application. The application produces a response docunment according
t o appl@ caiakde 33neipageflayoutgbjectsind obt ai ns a docurment 1D 51 froman ID

server 12~t—thenrsends—the 59 docunent to the page server 10b

responsi bl e PUfhe doc Miribute new y Jroeatel (D, together with the

requesting efflver's I D and the E?m(%r i equest | D. The second. page
server sendgﬂ?ﬁg?h) perlink request | angl% F?cati on IDto )

Image Position

Image object ID JPEG 2000
Graphic Position -
Graphic object ID SVG
Textflow  |Textflow ID -

Zone -
Optional text object ID [XML/XSL
Hyperlink [Type -

Zone -

Application ID, etc. -

Field Type -

Meaning -

Zone L

Watermark [Zone -

2.6 DOCUMENT DiSTRIBUTION

As described above, for purposes of efficient distribution and persistent




the first page server to obtain the corresponding user ID and printer ID
62. The first 5 page server rejects the request if the hyperlink request
has expired or is for a different application. The second page server

al | ocates docunent instance and page I Ds 50, returns the newy allocated
page IDs to the application, adds the conplete docunent to its own

dat abase, and finally sends the page dE?criptions to the requesting
printer. 10 The hyperlink instance may~[ nclude a neani ngful transaction ID
55, in which case the first page server includes the transaction )Din the

message sent to t%e applicatign. This allows the application to establish a

transact i oH2EERe HCACPaEt B OFlo A USHSPR{DE PRERIayautts seperagnd from thensharedner | i nk
requires gy i:as.. dee. its "alias required" attribute is set, 15 then
the first pige tggvlrd%/lgt?]tg!éfrel S both the pen ID 61 and the hyperlink's
application | D 6When &hebseibcs! pailicaions a8 eidyl 1o tie @htiuled)Othe] sdthagehe user
>D corresponding to the pen ID but also the alias ID 65 corresponding to

t he appl i cabiig#ionsertes allopategswith tiis help of thel nethege {Rseaker 43, 4 Miigue Ihéornessage
sent togth | icati.o allowing the . applicatjon to establish a
user-sg%ciegfﬁgg%‘?n%%&mq%r}“t °§“Wﬁ%??‘??ﬂ?<9“§lﬂf‘§9’é h. 20 5.3 HANDVRI TI NG
RECOGNI TI ON PROTERDserWhieforfipSeh s8F 8opfmsleli Bsedd) of tRELPAIE Hithit Aanet page
pen, the pen communi cates the stroke to the nearest netpage printer. The

st roke i demedtés amuitivest shgmehfiat eachpaubketpand then ag eachTiser-gyrecificdayduomithr ds t he
pen ID 61, its own.printer ID 62, the gag? I D 50 and 25 stroke path to the
page ser vehe iampsof fis mulfigpst ghnnels uhich yallcarrydhe shated comentdissd by bzt i pt i on
5 identifigghRYThdSRETtheh DoANEhHLEARHM I ed r i Bjae 8.
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the page <OPiFat ondhggpecifisd chpanclss Alfqy rapriving dtsnoiirasy coeh oress sarvertand
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accunul at aflullisamirdath RPgeBaetr 88@ priditdrNé:@faBlsChroth e ShiRkSS ARaMaHNel tten
text. Once it has converted the strokes to text, the registration server

returns tHbiectxrelesed e byetsases dayditnatie pege eervers prisigals eroheve tppends
the te to the text value.of the text field. 5.4 SI GNATURE VERI FI CATI ON
PROT AS_%%Yﬁ%rP&g?ﬁ?M?ﬁ&Hi‘g%‘%#%ose_ zone the stroke intersects is a
signature field @ﬁ&a%ﬁﬁtepﬁ&ere&%{}é(ﬁiﬂ &@_o%mﬁ‘sﬂ@%wﬁia?it%%&kﬁy&&s% & ﬁieegnature

field s digital ink. After a period of inactivity In e zone o
“si gnat ur e pringdra¢-cteates plagfallg-@opeated Gaypanars] thaerasenzésRnd priatit.t he pendi ng
strokes to the r&g‘gst ration server 11 for verification. It also sends the

appl i cation | D e¥RdZA9enal rpumstancesy Eher JETHSTORTING, Peges iaderstham sheyrentbee| d i s
part, as Velilerdd ALSndif¥ Dbt bhse SWol&Rh it ﬁnéﬁ%&ttﬁgtavé}ggé Bfge

20 has a size of less than 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.

25 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

30 therefore allows printers to submit requests for re-multicasts. When a critical number of




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. 15 Once it has verified the signature, the

regi stration server uses the application ID 64 and user ID 60 to identify
the user's application-specific private signature key. It then uses the key
to generate a digital signature of thesformdata, and returns the digital
signature to the requesting page server. The page server assigns the
digital signature to the signature field and sets the associated forms

status to : . itaital signatyre includes.the alias m 65 of the
correspon %ﬁlgeéﬁglér‘%g) {%agogﬁﬁlgégoué ogfgﬁa’l @efSSFVr?F e tbﬁaﬂﬁsetﬁmopﬁﬁogaﬂger s'

si gnat ur esshafed 2bfeelSM SUBM SSI ON PROTOCOL A preferred enbodi ment of a form
submi ssion protocol is shown in Figure 46. Form subm ssion occurs via a
form hyperlink aOn¢eaddpomenttis ptintsd,f o ptiotes carhprofbcepam execo duglehiens ciniyn
Section 5.2, wth.sone. formspecific additionsg. In the case of a form
hyper | i nk,tmf“ﬁg’ FRISHTS ﬁ?p%tl?ﬁgfﬁmcﬂﬁ@gﬁg@%aﬁtmlﬁw RBEGGE-ser ver 10 to

t he appdi ion . ' he formID 56 and the current data
contenltoéo%,t?he f%gdn?h?&‘?ﬁg@yﬁﬁﬁr%ont ains any signature fields, then the
appl i cation veri Whes aeetpage decunyene it requessicd @ntdemaadl,i insan B2 Sdbsonabadiantied wi t h
t he corres%i)_ndi ng digital 30 signature and obtaining the corresponding
certifi catdslivergthin pachelie SemgtWHnas apesipdieal. Hovwgyers sgcetiae SSIRONDRSHVENT

PROTOCOL d i 1 SSI on_payne proteocal. i s shown |
' Fi gure g, Qe SRR ARty & 0 s e AR s e EarBRehT, e
payabl e from 5 awhapplroateipafe Boihehels feQuedtcAWRl deslag, OB ot ipekohdizeuaghs,
transactions and sal es. Conm ssions on fees and conm ssions on conm ssions
may al §& padghisadaliveredgria eilesignabd sptorga forhsingrsewiet avhiadf refdrmalsrit s er . The

hyper | i nk rg)uesdt | D 51:2 IS ﬁ)sedfto route a fee or cqonm ssion.credit from
 the tar get “IHBF KOSPTSR ¢ BOIPAES ORI SepVer s 2 RRrY! Poabise oL GuciRAse
applicati %bﬁéé@ibhdéﬁve%oTﬂ@het? o forRefink SRR/} zha@ﬂﬁo&feﬁ%bb%aﬁ@é’sr ffernet. _
application provider 70b to the printer provider 72. e target application
recei ves tdeeumhymdpimatk, indudies AdbB:’s Portatilt Dopargent Fermeatr (PDF),vund Htplartext

h link _is. first ti d ibed in Secti 5.2. W the t t
DODTT ot | WAkl gl URTYL) 6 evise o daTMiati 60 SFabe: ehsrof TE laheas |t he.
appliceti - [ O\ : i i qi nal: S t ith

The by, Aschmich! S0 Bfinfi it 1d BrebOf LY BAAR i AMABKEEINRR HARE DRR " 1",

identify tthide sdwoatnapM cantiutomaticilly Behde allnwebrged dasctlyolibkal foettevant
registration server 11 together with the source application ID 64, its own
server | DIsBested #aghd haypecan fioetlig bekaviqryia apreferensest rat i on server credits

t he correspondi Lcatl rovider's account, 827. It .also notifies the
20 application Brg%e\?ﬁ%g%ge fdfr&?ﬁglgasﬁﬁ‘fdelr ({3%6&‘?% Wi a%?e%e&'g‘"f)& %&881“5 t he
printer prigt¢devity ahd peRikentseavalliBlE ¥h RyOMiGSs dcBMkht, 18 hieraihAiRal page

server_together with the hyperlink request ID. The page server uses the
hyper | 2k arigiuesd fommat.olti kiéest krfoyvledgs of differsnt daeuines fdemath drom ddilt then t o

th | i.st t] t th it th i nt ID. Th
oo Sor ot e BRE! ld BF uiBhragk SESH Bla it ke ie Ben e pmIE PSR ount
814. from Web servers.

3 SECURITY
3.1 CRYPTOGRAPHY
25 Cryptography is used to protect sensitive information, both in storage and in

transit, and to authenticate parties to a transaction. There are two classes of
cryptography in widespread use: secret-key cryptography and public-key cryptography.
The netpage network uses both classes of cryptography.

Secret-key cryptography, also referred to as symmetric cryptography, uses the

30 same key to encrypt and decrypt a message. Two parties wishing to exchange messages




The source application provider is optionally notified of the identity of
the target application provider, and the printer provider of the identity
of the source application provider. 62 6. NETPAGE PEN DESCRI PTI ON 6.1 PEN
MECHANI CS Referring to Figures 8 and 9, the pen, generally designated by
reference nuneral 101, includes a housing 102 in the formof a plastics
moul di ng having walls 5 103 defining agginterior space 104 for nounting the
pen conponents. The pen top 105 is in operation rotatably nmounted at one
end 106 of the housing 102. A sem -transparent cover 107 is secured to the

opposite qﬁgstjfﬁlﬁaﬁ%?%ﬁ SP%?#’%QCHHQ%C&E@@C@P%S; 107 is al so of noul ded

pl astics, and 1's sem -transparent’ material in order to enable

the user to viewptblie-lsdyadryptogfaphy) ealdRferedicess Myhibdirié RE/PIMSIHIudld2. The
cover 107 10 includes a main part 109 which substantially surf%ig%ds the end

1 08 of thé™Rdisrmgon &y idedwprksysate mathpoaticaly reladvihisuth proiysbatsanyack
fromthe i a and fits wthi corre nding slot 111 forned in
the wal | sq?%sga%ef ér[cﬁé)(g%doﬁsslﬁlﬁ?igﬁy R Pglé'l g’?ﬁ@i‘%ﬁu%’ﬁ%}es(’tﬁﬁﬂfﬁyeé’ﬁ ind the
pr oj ect$ NgheRkey® s thd pulishBd, RyikiRehb Qe R Drivae! B ik %g%s ded to
surroundi ng an aperture 113A on the cover 107 are arra%geg tdo receive.a 15
metal end §pcBpe ayl mesdage fintelided fonthedmybdendif e mrevatakdyh Omed €ndripted Toimgnet al
end piece t%lA' i.s renpvable to e i nk éar,tri dge. repl acenent. Al so

abl >
mount ed vi PRPHPLCHKSYc B (iersage sat) Gl be Secrypled isiap ecprivaterkey 1 Eeivia HaFese POB
117. The anheRpdetlédhsndl . P : t LED
116 is nounted a'f%,t he to %?ss?%%”%gﬁoﬁgfﬁpgﬁ%éggg egﬁ?a_}lgg&%%?%ﬁée bility. 20
The pen camswopehattthe pavite dsy ds suralit iFaiodkinabfor ke Beldevsmitha privakOteyn@r ki ng
stylus,.An ink pen cartridge 118 with nib 119 and a stylus 120 with styl us
nib 1210 arsnersinthekexpaie by side within the housing 102. Either the ink

cartridge nib |1 g I be. brought .f orwar.gd through open
end 122°0f the rEdalc SRR dke T eriGic Y P g e
Respect i'vefsht geivathlkegkan L2t Btndd4 1@k JMURERHse and ﬂlehkh%c.g)% tKehdshi dge
118 and stylus 120, respectively. A rotatable cambarrel 125°is secured to

t he pen t d{§INBOe ipRIvatgdieat NoNonenenahem Meaky that theteacrypted dreelnicomstitiibetheam
barrel 125 jncl ude 126.in the formof a slot. within the walls 181 of
Phe' cam bariEBRERE B ARTRESC BrtviE FYORR besped tf Mt praliiier msstosg bocis 193
and 1215 f idecMbii 'ﬂléa@?ﬁﬁéﬂﬁiﬁt 1261, 515&1‘; : 25, the
slider bl ocﬁfg’pllg% or 1 m)vg ?l,lgﬂaf%gl?a I vlicoit(%} eac &{)@’ﬁgﬁh‘?gﬁé’r aglgit théi t her

t he pen nimessdg®. Hrthe sighatgrens bpcddled tt the messeie, thee the 163ipient 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
20  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
25 ahigh degree of certainty that it is genuine. They just have to verify that the certificate
has indeed been signed by the certificate authority, whose public key is well-known.
In most transaction environments, public-key cryptography is only used to
create digital signatures and to securely exchange secret session keys. Secret-key
cryptography is used for all other purposes.

30 In the following discussion, when reference is made to the secure




hole 122 in the netal end piece 114. The pen |01 has three states of
operation. By turning the top 105 through 90 steps, the three states are:
Stylus 120 nib 121 out; |Ink cartridge 118 nib 119 out; and 5 Neither ink
cartridge 118 nib 119 out nor stylus 120 nib |21 out. A second flex PCB
129, is mounted on an el ectronics chassis 130 which sits within the housing
102. The second flex PCB 129 nounts anSbnfrared LED 13l for providing
infrared radiation for projection onto“the surface. An inmage sensor 132 is
provi ded nounted on the second flex PCB 129 for receiving reflected

radiation from 10 the. surface., The second flex PCB 129 al so unts_a radio
frequency ‘FATFRISESR cr’}ﬁ)fﬂ%‘?;‘ﬁwitlﬂﬁl'i?ﬂ’(‘é%maﬂ n_ipage &F@Fﬁft%ngraéﬁﬁeﬁﬁvﬂ%cwy, and a

controller Wl e i ratl f 1.Q1: ics

bl ock 135 PRy g Rt e pribf bl R ol Bkl b RER: K ARerlRb' 05,
and proj eabstharcettificatr asthdégmuedt thet peblRUkéypOhadid kSC & &S chriifiggs Nt o the
i mage sensor_ 132. Power supply wres 136 connect the conponents on 15 the
second f| exciange pxgcreh sessiop ey vibhthgoesren Ipdtherchseatles sastattsession keyita t he
cam barg el i nagl. 138 cannects, t he battery contacts 137 and the
cam bar’ ol EBt 8RR Bares AT ekt Gelit e i oh Ve A SRy Bbre " am
barrel 125ifetimgontact with the battery contacts. An induction charging coil
140 is nounted about the second flex PCB 129 to enabl e recharging of the
battery 1332vi a NEtRAGE BRINTERSECUBOND fl ex PCB 129 20 al so nounts an

infrared LED 143_and infrared photodi ode 144 faor deteciing displacenent in
the cam barrel 15%h,AgRAgS Pﬂ%ﬁepﬂﬁé‘s%lg’% & B3h ogrungq%; }‘{‘?Rtlg%{ﬁqiit&ﬁ% 18 is

used for WhhhirRGure whibl 9" sthidd 80 3 deord qlgéﬁs iRghd BAnRf ahdi§n MY &S NI
applied to the su?f ace by Sthe pen ni% {1 orrg]slt y*‘ug ﬁﬁ) 1‘?1. The&ll);%%

phot od1 ®deegiddatibat seotes datalgase. Theoftast Fik 62 i mufblic k43 unigaclyafdmitieo it frimedr shown)
nmounted on the slider blocks 123 and 124. 25 Rubber grip _pads 141 and 142
are provi d¥dthe Simage netRerie nkhersegongt IR ie seratiAnd gs vegdl whem the; printesris fisstng t he
pen 101, jncludes a clip 142 for clipping the pen 101 to a
pocket . 6%&%@8&%&%@%&'The pen 101 is arranged to determ ne the
position of its When (B¢ privser Wohndctdl i®the3Hetpiide feivorli daethRi Brsd e Bffer
imaging, in the infrared spectrum_ an area of the surface in the 64
vicinity dpstalpdion; i creates peignagine phelid/pravate bey pair. dt frasmitsihe peszgtdBrandocat i on
t ag, i.s arranged to calculate the di.stance of t nib 121 or 119 from
the 1 obhe i BHaBYREY ot rig 6P rlieid rEkiEt AR e ier o i frer PimPorge e
control | ersegli 1D 1akhinka hd! pAhRE s tBEreP TDERLAIE@ N O s HASHREN 2B Acddps the

ni b-to-tag distance fromthe perspective distortion observed on the 5

i maged t agegisirationsifrthe tie REtchhltpthed reatet ant signg aldetifitate pemaibii then
transmt the digital ink data (which is encrypted for, security and, packaged
for effi cimRTARERIRERY nflblffos(wéure I/ O epriiligppiein thedegsiation | n
range of gfpe& ver, the digital ink data is transmtted as it

20 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

25 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.

30 The netpage registration server accepts requests to add printing authorizations



10 is forned. When the pen 101 noves out of range, digital ink data is
buffered within the pen 101 (the pen 101 circuitry includes a buffer
arranged to store digital ink data for approximtely 12 m nutes of the pen
notion on the surface) and can be transmitted later. The controller chip
134 is nounted on the second flex PCB 129 in the pen 15 101. Figure 10 is a
bl ock diagramillustrating in nore detgkl the architecture of the
controller chip 134. Figure 10 al so shows representations of the RF chip
133, the image sensor 132, the tri-color status LED |16, the IR

i1 lumnati ren r sor.. L 143, and.the force.sensor
phot odi od eﬁﬁﬁﬁggﬁgéﬁ e r%&ggoinsﬁrl %ﬁ%lre(flegﬁ ig{)e lm%%nvé? a8 @%mgsi%?‘ﬂ 5"3{1‘? PHger-
processor 345. BNeTAGE PENStebRAY t he exchange of data between conponents
of the controller chip |34. Flash nenory 147 and a 512 KB DRAM 148 are al so

i ncl uded. An anaFa¢j nebpagicgen & assignedea tipiqud &i@niiSeraat tiaregefindnnfacomy shicht he
anal og signal fromthe force sensor photodjiode 144 to a digital signal. An
i mage sensor {OF %{ e ?%Q?—PIX SYMAY & '?’ﬁé’@’g a%i F’rﬂ"f' RePRERIGEISUREGETvER dataleiso.s

t ranscebVverpSRatinod 1 & BoiaTeld orzTsTe RN Mol re also included to
interface with the RF %Lgle?yspl 133 év%h%lﬁgﬁ | nc‘h%élg@%{g%\nﬁlé—é{:l?rcuit 155 and RF
resonators and i AdustpagespebSBinctinoet taewhhieer tdfenegrage phiateisl 2nd Bhgrimeantanol | i ng

processor 145 g;apturesé%nd decodes | ocation data fromtags fromthe surface
via the i Ws @rilBibel 25 PRy, ) PSR SOMBRINIGfeS oVitle ASBINes HtR 8dRdE drennancy30

controls thg,k s hﬂ{‘%n 4 . han s. short-range radi

conmmuni cat i1 n \%névjegg I%Lﬁét ra |%e ?t;%%g%g?e 3@311‘?%%?611 ?nq %n%[‘gr are regls(%ered’

medi um perthey reyubaly( cxdBhie) segatie kays. PUhERSEr Mk Hen RGNS Wgital ik B BeSSOr
145, digital transceiver conponents (transceiver controller 153 and

basebahd dirHeer the desrial inkis glvays pacsypted neing deeppBpriatel sassionieyoDigitiliinkand
512KB 5 D%?{Eéeﬁlﬁ'a%ﬁ 'e&irg@l%g?]eed in a single controller ASIC Anal og RF

conmponent s Clrcui 4 RF resonators and inductors 156) are
provided in the agparsiies Reeskltnfeey T el PEnke ASBIowsS ifdlefkPiP il 18] CCD
(such a sensor is produced by Y Y _ e l}én ’

and a printer stores a session key for every pen it knows, indexed by pen ID. Both have

a large but finite storage capacity for session keys, and will forget a session key on a
15 least-recently-used basis if necessary.

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

20 know the pen but doesn’t, then it initiates the automatic pen registration procedure. If
the printer isn’t meant to know the pen, then it agrees with the pen to ignore it until the
pen is placed in a charging cup, at which time it initiates the registration procedure.

In addition to its public ID, the pen contains a secret key-exchange key. The
key-exchange key is also recorded in the netpage registration server database at time of

25 manufacture. During registration, the pen transmits its pen ID to the printer, and the
printer transmits the pen ID to the netpage registration server. The server generates a
session key for the printer and pen to use, and securely transmits the session key to the
printer. It also transmits a copy of the session key encrypted with the pen’s key-
exchange key. The printer stores the session key internally, indexed by the pen ID, and

30 transmits the encrypted session key to the pen. The pen stores the session key




Mat sushita El ectronic Corporation, and is described in a paper by Itakura,
K T Nobusada, N Ckusenya, R Nagayoshi, and M Ozaki, "A | mm 50k-Pixel IT CCD
| mage 10 Sensor for Mniature Canmera Systen', | EEE Transactions on

El ectronic Devices, 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 surface. It incorporate82a dedicated circuit 150 15 which
nonitors the force sensor photodi ode 144 and wakes up the controller 134
via the power manager 151 on a pen-down event. The radi o transceiver

comruni catig&mallys mdexed|bydhepiateo@dMHz band normal |y used by cordl ess

t el eph , | tively in th | i d.2. 4G4 industrial,
ci ent 1 11¢ and neUTRER 4 FEPeban ImaRIoMEEE e b isnbs TBISHRRER BPSEbI 1 si on

det ect i on&@yafbapﬁayéja%emwhégés%%qfe &ﬁﬁsyﬁg{é@?gﬁﬁﬁxﬁé}- In an alternative

enbodi nent, ‘the pen incorporates an frare soci ation (IrDA)
interface for shéficanpngéoushmmragisatadqren\is fifst feghtged, 3t idloff timied usetmage
printer further enbodi nent, the pen 101 includes a pair of orthogonal

I.n, a. ) !
25 accel erbiveinked tagukeed resistaad bt man-opmedepesy istondy pliewvadbito bshsed Whe

accel ero r: I | e nd 10 in, ghaost outline. The
provi si Orr:q%@e? %%I%gggelﬁerr%gﬁné? éllrSés} @gg%{ne%g?gﬁﬁtéone}rﬂ%‘ai weﬁtglsiﬁf & e E)léeﬁ o1 to
sense not ivaiichileliwipehaé alemetcally mued, 38 & ARCAkdwped B35 exttihWhdg t he
| ocation tags to be sanpled at a |ower rate. Each location tag I D can then

identify an obj efle gfenj Byesr sssret-dgy r rathesr thah apubdicdesi eiayptom bbeusurdface.

For exanpl dv&fethroo%eé:é i il us% i nterface input 66 el enment (e.g. a
command buttOnye PYRERPRec ST S BUSEEh | ocation tag within the area of

the | Mt hemengecask doeeGENYs | dentify the input element. The accel eration
neasured by the acceleroneters in each of the x and y directions is

integrated with T@%lpﬁmgempsteMWBppmsgh@ddwr)anf senstealvcaments suskedsaidketg and 5
Pyt a5 Rp Fesras TRE AlibAgbbrRRS iha0les d sabhlfy & print watémiasks, SHewil oy ¥
do so on request from publishers who are suitably authorized. The publisher indicates
its authority to print watermarks in its certificate, which the printer is able to
15 - authenticate.

The “watermark” printing process uses an alternative dither matrix in
specified “watermark” regions of the page. Back-to-back pages contain mirror-image
watermark regions which coincide when printed. The dither matrices used in odd and
even pages’ watermark regions are designed to produce an interference effect when the

20 regions are viewed together, achieved by looking through the printed sheet.

The effect is similar to a watermark in that it is not visible when looking at
only one side of the page, and is lost when the page is copied by normal means.

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

25 netpage-aware photocopiers.

Secure documents are typically generated as part of e-commerce transactions.
They can therefore include the user’s photograph which was captured when the user
registered biometric information with the netpage registration server, as described in
Section 2. ¥

30 When presented with a secure netpage document, the recipient can verify its



within a stroke are cal cul ated. Al though position integration accunul ates
errors in the sensed accel eration, acceleroneters typically have high
resolution, and the time duration of a stroke, over which errors

accunul ate, is short. 1 O 7. NETPAGE PRI NTER DESCRI PTION 7.1 PRI NTER
MECHANI CS The vertical |l y-mounted net page wall printer 601 is shown fully
assenbled in Figure 11. It prints netpages on Letter/A4 sized nedia using
dupl exed 8%" MenjetT"' print engines 862 and 603, as shown in Figures 12
and 12a. It uses a straight paper path 15 with the paper 604 passing

t hrough the dupl exed print, engines 602 and 603 which print both sides of a
sheet ~si mAYREREGHS DY, Tepvesting |ifscHptyp infhe wiskdl way-| Th swigue AR pheecsgeute

ohoet i Sl £ SPORd B8 oft bR R adtin@h? B GRS ikGeBon ARG T T
This cr eataﬂﬁ)cﬂeﬂliﬂbﬁlcohﬁgmﬂls@@ﬁﬂﬁifﬁ%n@ﬂh%ir}i‘_ﬁieﬁi%ti@ﬁ“by"% infstichfosdepesg from

one sheet 20 to several hundred sheets. e repl aceabl e ink cartridge 627,
shown i n Fegueeda@ment presdicalianh pehecatupleededtlqpeid nivithn biritem, féedbadkl adders or
chanmberg for..stori fixative, adhesive, and cyapn, nmagenta, yellow, bl ack
and inf$arV gHicaHen fi&w& @aFPPP?‘ﬁﬁaéyW%'o 'BFFFQ’rtﬁé‘y“ac{]W@)t Q% er in a base
nol ding. The mi CeRaglIndithbt He WRI-RRARCES: et | 38..fshdg the 25
printer via a hose 6 91? Thi seprowﬁges §<I§r| Wgrgsg?giﬁog%%ﬂ%a%r |§enct egldg1 to
prevent i nyymegrapliic ndenseo TheytsimbBs piovide & higrifdinetobiaglt i ot dead Sfoadedy. whi ch
m ght ot he(51\£(i se . clog the printhead nozzles. By incorporating the air filter
within thé %4‘1"8@%{“‘- YHEiCaha: pertisalrly| using ayerifiration peerprpwides readdede| y

| i nked to the ki : G i . Tha i nk tridge.is a filly
recycl abl e pr(())dtgjé:gtﬁI ‘ﬁf?ﬁé}‘gl‘gg{aéa%d?‘?’%%% %)SrS%grdloﬁ?rilt?r{gfya{]%‘&lg & Eo =960 pages (1500
30 shetds)3.5 67NEBRiRepUDMNOR Figure 12, the notorized nmedia pick-up roller
assenbly 626 pushes the top sheet directly fromthe nedia tray past a paper
sensor on the filstheppgtpagecsygicae foues sehmittet dydugsrse reeddelivejadt FEhiklyitat head

assenbl y. 1 et TM print .engi.nes 602 and 603 are nted i.n an
opposi ng ifgﬁﬁ(h%@d%%%%ﬁﬁtﬁ)&ég%ﬂlﬁ %?Y%'n%PStR@gesp%a?eseé‘fngﬁgm L¥e pat h.
The..paper jﬁ%éssjﬂgequ-w@%ﬁjeﬁ{s(@o}é’pqdifa'td’&qiv%i_ nt engi ne 602 by injt egral, powered
pi ck-up rollers 626. e position and size of the paper 604 is sensed and

ful I bl eed pri ntEwsgmaunerepayswentstinadd threughsthprsysitmd as idascribadéo §sdtiont 4 ai d

drying,in the shorte ogsible tine. The paper exits the first MenetTM
print gk%giaﬁ%glé?)ﬁnﬁ%ﬁgif’g‘ﬁr epayeede rRliAted 10 exit spi ke wheel s (aligned

al ong the gtrai gpf:d¥Ric egh%mw(%‘si_act agai nst a rubberi zed
4.1 SECURE ELECTRONIC TRANSACTION (SET)

The netpage system uses the Secure Electronic Transaction (SET) system as

one of its payment systems. SET, having been developed by MasterCard and Visa, is
20 organized around payment cards, and this is reflected in the terminology. However,
much of the system is independent of the type of accounts being used.

In SET, cardholders and merchants register with a certificate authority and are
issued with certificates containing their public signature keys. The certificate authority
verifies a cardholder’s registration details with the card issuer as appropriate, and

25 verifies a merchant’s registration details with the acquirer as appropriate. Cardholders
and merchants store their respective private signature keys securely on their computers.
During the payment process, these certificates are used to mutually authenticate a
merchant and cardholder, and to authenticate them both to the payment gateway.

SET has not yet been adopted widely, partly because cardholder maintenance

30 of keys and certificates is considered burdensome. Interim solutions which maintain




roll er. These spi ke wheels contact the "wet' printed surface and continue
to feed the sheet 604 into the second MenjetTM print engi ne 603. Referring
to Figures 12 and 12a, the paper 604 passes fromthe dupl exed print engines
602 and 603 into the binder assenbly 605. The printed page passes between a
15 powered spi ke wheel axle 670 with a fibrous support roller and another
novabl e axle with spi ke wheels and a npnentary action glue wheel. The
novabl e axl e/ gl ue assenbly 673 is mounP®d to a metal 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. 20 The gl ue
wheel assepBihpldsy keys puid ceEilisrtey qmmet seaveryandogivethecarthgidor weedss yia et at i ng

coupling faqr upply hose 641 fromthe ink cartridge 627. This axle
679 connec@gs‘%%gggg%%gsm% TR ER absor bs adhesi ve by capillary action

t hrough raglpal hgEFPavmesded housi ng 682 surrounds the glue wheel, with
an opening at the front. Pivoting side noldings and sprung outer doors are
attached to the hethalnelpage kesterarice A&phgenggistrations tateaaag s asheeprokieor thet  of

the assgnbly 673 is. thrust f r his action exposes the gl ue wheel
'thr,oughgt H@&%SH?“ZW'?@%C%OMW&%TWQ?W%@% springs close the
assenbly and eff L 3 | i fil Lvity.
Ao the shoet 604" pategedt Ffen nEeShiiEth AMicREHb e 363 Be st

appl i ed t SEhpaweertis. ddcawsdghe systdds bepbised) the bianafit ubsdi® thbasdrisr@l- sheet
~of a docurient ). as it is 30 transported down into the binding assenbly 605.
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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

20  act as the user’s proxy in any SET payment transaction.

When the user eventually 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

25  then on acts as the user’s proxy in completing the SET payment transaction.
4.3 MICRO-PAYMENTS

The netpage system includes a mechanism for micro-payments, to allow the

user to be conveniently charged for printing low-cost documents on demand and for

copying copyright documents, and possibly also to allow the user to be reimbursed for

30 expenses incurred in printing advertising material. The latter depends on the level of




controllers 760 via a high-speed serial bus 659. The RIP DSPs rasterize and
conpress page descriptions to the netpage 15 printer's conpressed page
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processor 750 has recejived and verified the docunent's page
providers from easily correlating independently accumulated behavioral data.

The netpage registration server instead maintains an anonymous relationship

20 between a user and an application via a unique alias ID 65, as shown in Figure 24.
Whenever the user activates a hyperlink tagged with the “registered” attribute, 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
submutted to the hyperlink’s application.

25 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 sysiem also maintains an independent certificate and private signature
key for each of a user’s applications, to allow it to sign application transactions on

30  behalf of the user using only application-specific information.




| ayouts and page objects, it runs the appropriate RIP software on the DSPs
757. The DSPs 757 rasterize each page description and conpress the
rasteri zed page image. The main processor stores each conpressed page i nmage
in menory. The sinplest way to | oad-balance nultiple DSPs is to | et each
DSP rasterize a separate 25 page. The DSPs can al ways be kept busy since an
arbitrary nunber of rasterized pages c 8’ in general, be stored in nenory.
This strategy only leads to potentiallg poor DSP utilization when
rasterizing short docunments. Watermark regions in the page description are
rasterized to a ontonfiaesolutian bi -1 evel bitmap which is | osslessly

e
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| D, tag | Dunsbed of protloctltyfedst s, and the data content of each tag is generated
during rasterization and stored in the conpressed page inmage. 5 The main

processor 750 paBadsanplisptiqroissencizadavithnen applicatioth prayidsr.exnsdthp rsystemengi ne

control&ers.; i nt i ontr.ol l.er 760, st or t conpr essed
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pi pel i ne. dedgeheppaidst R cAEIStRGIdM fedileté. S Pi pel i ned because it is

inpractical to store an entire 114MB bi-level CMYK+I R page inmage in nenory.
1 O 7.2.2 PRI NT BR@EpRicaioNTROdERdHe p ayblisbrpaipérondicah subsciitdd cugteui.pel i ne
of the print engine cgntroller 760 consists of a high speed | EEE 1394
serial i ntg}efSﬁé%%@?raﬁ%t‘ﬁﬂdﬁwgﬁﬁﬁﬁés eaeEs theay! 5°g‘b§$ prolicptionzag wslls Fax
decoder 764 thdexesic@ Meh@inky 8PFEHIRAIRPSI tor unit 765 a customtag encoder
766, a line |oader/forrmatter unit 767, and a custominterface 768 to the 15

Menj et Tvpr4.6t he aRBSOURGHBESCRIRTIONSRINDECORYRIGRT | er 360 operates in a double
buf f ered manner. V\higtl,e ne page is_|oaded into DRAM 769 via the high speed
serial interface”dh ,e”P‘ESmBP%WCHBQf?fr?%&ﬂédiewopé’lqséétﬁg?%mEIJQ}WIIYIGQ and
passed thrg 4phe print engine controller pipeline. Once the page has

finished printing, the page just |loaded is printed 20 while another page is

| oaded. The fi r sEacitdugemefit dndezopicpebbis mastRn@iscivdd HiBshe dtRore resource
JPEG conpr essed. cont one
descriptions 842. Resource descriptions use the Dublin Core metadata element set,
15 which is designed to facilitate discovery of electronic resources. Dublin Core metadata
conforms to the World Wide Web Consortium (W3C) Resource Description
Framework (RDF).

A resource description may identify rights holders 920. The netpage system

automatically transfers copyright fees from users to rights holders when users print
20 copyright content.
5 COMMUNICATIONS PROTOCOLS

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

25 netpage system.

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. Each 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

30 an entity exists, the lifeline is shown as a dashed line. During the time an entity is
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of a pri ntatids UD GBIt the td)évant set of multicast channe] names. It signs the message using

its private signature key.
The page server uses the application ID and alias ID to obtain from the
registration server the corresponding user ID 60, the user’s selected printer ID 62

20 (which may be explicitly selected for the application, or may be the user’s default
printer), and the application’s certificate.

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

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

It then returns the newly allocated page IDs to the application for future
reference.

30 Once the application has distributed all of the document structures to the




docunent including coded data indicative of the identity of the docunent
and of at least 5 one reference point of the docunent, the nethod including
the steps of: receiving, in a conputer system indicating data froma
sensing device operated by a user, said indicating data regarding the
identity of the docunent and a position of the sensing device relative to

t he docunent, the sensing device, when placed in an operative position

rel ative to the docunent, sensing the ®8dicating data using at 10 | east
sone of the coded data; identifying in the conputer systemand fromthe
indicating data, a request for a copy of at |east one page of the docunent;
and transmiubsdanbers’ selected peinteospiat the slesiempage abeeantit softicarnthedadriouko at

| east one intgt[ to effg}c}t ‘pri nting of the copy of the at |east one page.
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t he docune t he se n evi.ce sensi. i.ts novenent relative to the
docunent ud;aliaﬁfaseﬁ’tanl g@lo‘%o ppte SﬁngBg@ada%{P’é‘?m%nd 25 identifying, in the

conput er sy3t em gYsed IASHVATIORERGTBcdiel Ny at | east partially within said
at | east one zone, the request for a copy of the at |east one page of the

docunent . 73 4A prefmeededbadimeniof adiypgrimkcofiyativh adtotalds thawneinfig@eeof a
printed dogunent, the document including coded data indicative of a request
for a copy-of the at | east one page of the docunment, the nethod including

the stfps of: 5 WRERVIsHOcidd i £ IRMCHiR §3l Al J8h 0L HRN Bnifialng dovice
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- protocol.
The printer determines, via the DNS, the network address of the page server
15 102 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
20 relevant input element is a hyperlink eclement 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 registration server 11, and then allocates a globally unique hyperlink request
25 1D 52 and builds a hyperlink request 934. The hyperlink request class diagram is shown
in Figure 44. The hyperlink request records the IDs of the requesting user and printer,
and identifies the clicked hyperlink instance 862. The page server then sends its own
server ID 53, the hyperlink request ID, and the link ID to the application.
The application produces a response document according to application-

30  specific logic, and obtains a document ID 51 from an ID server 12. It then sends the




data; and transmitting, fromthe conputer system relevant docunent data to
at least one 10 printer to effect printing of the copy of the at |east one
page. 5. A nethod of providing a copy of at |east one page of a printed
docunent, the docunment including coded data indicative of a request for a
copy of at |east one page of the docunent, the nethod including the steps
of: 15 receiving, in a conputer system data froma sensing device operated
by a user regarding the request and re§8rdi ng novenent of the sensing
device relative to the docunent, the sensing device, when noved relative to
t he docunent, sensing the data regarding the request using at |east sone of
t he coded dwtmeninty hemwegasime tlverespamible faritle dgcurhent Bywewlpaomtdd x| at i ve
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i ndi cating data Ifshegypdrlihle asfuire® arisaf aldiei.€ detlidatauidd” dheuieishad of
claim7_ which includes receivi n%,p in the conputer system data fromthe

sensi n{p ddbet e fEgpage sgrven sas hethothe pre IDdsindgtha dypertink’slapplicasion dDt he

docunent, nsj .device er.at.i ng, da regardi ng its..own venent
ol at e’ 1 ByRE RRARAER Serbr PRGBSt Tl GREIR 5Oy e Troed: o s
1, 4, 5 oriDBbihalsd thd Sli40ES 6B doffeipgoddinBaodne ‘é?ﬁl’i@ati@ﬁ 1B S iRCRePTDATE
surface-defining neans and, at the sane tine at the

mcludes the alias ID in the message sent to the application, allowing the application to

establish a user-specific context for the hyperlink activation.
20 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 stroke 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

25  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.

30 After a period of inactivity in the zone of the text field, the page server sends




docunent is printed, printing the coded data on the surface. 25 10. The

met hod of claim9 which includes printing the coded data to be
substantially invisible in the visible spectrum 75 11. The met hod
according to either claim1, 4 or 5 in which the sensing device contains an
identification nmeans which inparts a unique identity to the sensing device
and identifies it as being associated with a particular user and in which
the nethod 5 includes nonitoring, in t f@ conputer system said identity.
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one page of the docunen atihg data 20 being indicative of the

identity of the Asmmirgtheaingueclp@ent wheseOfonk e SEOIE MEereRW €& Sighadlkve to
t he docunent, the sensing device, when placed in an operative position
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of the coded dat q; C ter. syst bei n onfi qure o,transm t
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coded dat &orf. The registration server identifies the user corresponding to the pen, and uses the

user’s dynamic signature biometric 818 to verify the strokes as the user’s signature.
15  Once it has verified the signature, the registration server uses the application ID 64 and
user ID 60 to identify the user’s application-specific private signature key. It then uses
the key to generate a digital signature of the form data, and returns the digital signature
to the requesting page server. The page server assigns the digital signature to the
signature field and sets the associated form’s status to frozen.
120 The digital signature includes the alias ID 65 of the corresponding user. This
allows a single form to capture multiple users’ signatures.
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
25 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 fields, then the application
verifies each one by extracting the alias ID 65 associated with the corresponding digital

30 signature and obtaining the corresponding certificate from the registration server 11.




17. A systemfor providing a copy of at |east one page of a printed
docunent, the docunent including coded data indicative of a request for a
copy of the at |east one page of the docunent, the systemincluding: a
conputer systemfor receiving data froma sensi ng device operated by a user
10 regardi ng the request, the sensing device, when placed in an operative
position relative to the docunent, sensing the data regardi ng the request
using at | east sone of the coded data; 81he conputer system being configured
to transmt relevant docunent data to at | east one printer to effect
printing of the copy of the at |east one page. 15 18. A systemfor

provi di ng &6copyComMmssior BayMmene Regocol a printed docunment, the docunent

i ncl udi ng coded dat a inqai cajiye of request. for a copy of the at |east one
page of the docufteRteier ee@ﬁ‘é‘%@ﬁ?‘i Hglauﬁﬁ%!“l&nc%‘ﬁlﬂlbrpr@%qléﬁlSIhBWHrlécei vi ng
dat a fromﬁg&%r@[ ng device operated by a user, said data regarding the
request and-regardi ng novenent of the sensing device 20 relative to the
docunent, the sehsamgco@viete: enmirenmenty Gsts raall abinvidsdiéhst gy BOpLyEBIY fromensi ng
t he datg regardi ng said request using at |east sone of the coded data, and
gener at? ng?t REplpation (regviden i@y 4 pybbsher oy sligdnthroushsy iransacidonshandiselgsrent ;

t he conput in onfigured to interpret said .novenent. as

desi gnat i ng&fiﬁ%&rogl(%nl?g?ﬁsgdgﬁcf OBETRYG EHT FYUPESORS MY rhetpﬁyg‘ﬁ&ﬁé’m t§ocument
data to atpubligisdr tOfR {}i@érejftﬁé)prﬁ{télect 25 printing of the copy of the at

| east one page. 19. system for providing a printed document, the docunent
i ncl udi ng coded The hypealinkrtiquest IV &$2df usddetoirdetata fey oo fomnéssbmomedinfromt he

system i ncludi hg: a,.c uter.s emfor receiving froma sensing device
data r egarthF f&%&%&%@r@f"&‘f‘eﬁﬁ% Eerg'd'flerf’?@%s@ng‘gn“@uﬁé\ﬁpﬁcagﬁﬂ Hr’i’l‘ég‘?rdenti ty
of theqglocipgQt., ' tihd ¥d : i8S R ﬂ%ﬁc -eguest
for a copy of p&atpu?gglse%}?%%%ﬁgglgtgé %éﬁ%hﬂjpggﬁlo%?ﬁgﬁ? , th\gggé Si ngr pg%"\[/llg%e

cont ai ni ng’2 he dat a regarding the identity of the user and sensing the data

regardi ng the id,ﬁ;ltlt of t{he docupent usi nq_ at | east sonme of the coded
data: the conput &ie &gt aRPUsatiAY recsies fisrvaetlinkiregusshd fiog thepage ss¥enent

data.to at rlg,pg' tiers 1.0 t,. Pyl i .he-Go of .t he at | east
one page. 190‘%9%{. t}%h s{/Hs elrgnﬁg%t E g%;t%ilag’; clieﬁa%\/%ﬁgﬂﬁeﬁgem%g%é% cFélttge it%rg%l o)
i ndi cati veapplicdtion eedsies terddil the ARy &pliditidnepelvideneit Resd e dppdcaRpunent,

t he congut er systemreceiving indicating data fromthe sensing device
r egar di g Mayider @edibta thepitginah pagesrryergogrihdr veiils tediypgrlnkaequedi BatTheg dat a

using at least. oM otnd ﬁy%eﬁ?n‘f(er%qlge%g fb to identify the source application, and sends

-

the credit on to the relevant registration server 11 together with the source application
ID 64, its own server ID 53, and the hyperlink request ID. The registration server
credits the corresponding application provider’s account 827. It also notifies the
20 application provider.
If the application provider needs to credit the printer provider, it sends the
printer provider credit to the original page server together with the hyperlink request
ID. The page server uses the hyperlink request ID to identify the printer, and sends the
credit on to the relevant registration server together with the printer ID. The registration
25  server credits the corresponding printer provider account 814.
The source application provider is optionally notified of the identity of the

target application provider, and the printer provider of the identity of the source

application provider.



15 21. The system of claim 20 which includes the sensing device, the
sensing device sensing its novenent relative to the docunent. 22. The
systemof claim 14, 17, 18 or 19 in which the sensing device includes a
marking nib. 20 23. The systemof claim 14, 17 or 18 in which the sensing
device contains an identification neans which inparts a unique identity to
the sensing device and identifies it a§2bei ng associated with a particular
user. 25 24. The systemof claim 14, 17, 18 or 19 in which the the copy of
the at | east one page is printed on a surface of a surface-defining neans,
and in whigh the L rinter for printing the copy of the at
| east one %’age. Néﬁ;%&%?bq(?eéégﬁawof claim14, 17, 18 or 19 in which the
docurnent i&1pri nPed MecHaNies f ace of a surface-defining nmeans, and in which
the systemincludes a printer for printing the docunent on demand. 5 26.
The system of cl BEWMI® i Figiresh 8tang Br thet pen, pgeinotally tdesigoatde dbydmtferemte t he

sane tine g ri i ng, the docune .27. The system.of claim 14, 17, 18 or
T n wn o R Bl 8 TREER DR df fhe ot GRF pRISImRung el e
spectrusn 8. definthgSaSinRMoP spdek 2 0M & AmBintare the pih b&lnorde ts??hﬁéeﬁ fp_ fd3e
printing of nmultiple pages, the printer 1nc uHes a %ln I ng ans for

bi ndi ng t hie upeppaation5taidly Mometet atortecendriab lof tie: Hpariagn02.Q\ saketraspapyt of at

| east part of 7d.ocuman(ii printed onto a surface, the surface having coded
data i ndi cfé’tVF’i/ﬂO of SEFTe @rfﬁiFPypwteﬁﬁgle%eﬁH@mou&ﬁa 182. Ehefayeml 47 i

reference j ] > e [ .ng.

recei vi ng,&?fﬁ&g&c r%%l'lta g,raﬂg%sj@%d Iﬁ%])gll sgﬁf%?p@%{h%hﬁ?&g%ggl Js}gﬁr:t%%ggn&gghece, t he

i ndi cat i ngisdateaviewdihe atdtveobthetED rasuriteteMithiny thefhdubiag @2 UTRE overdl (7
posi ti%1 of 20 the sensiﬁ% device relative to the docunent, the sensing

devi celO wHaslugesarwaingset IS whicl sphstantialhe sursounde thtomdnidStof thshansing 63 t he

i ndi catin t.a : rti.all n. sensi ng. at _|.east ne.of the
coded dat ganlﬂ %Iﬁ?ﬂga\%oﬁlgé?g{f&pﬁgpﬁggﬁ %%%ﬁ%ggei @glﬁtqw%ﬁﬁnfiii?ﬁﬁg_ nput er
syst em anch ¢orRpdriditng §16i THL fortled @t fhe WalGORE JraAd BSEsing? Pk DErRP¥ntEGAUESt
being a request for a copy of at |east part of the docunment; and

transni t tildg, istmewniehdehivdphe arojsststgepprtior| Bavitidio cherhotsingatl 62t Scratv - | east
one print %f]retcu?s ?{ selfr}ou%{hln%ta{nn e?tl:lrct PI%AC 81? ¥I'1e COV7619 107 are arranged to reccive:-a

15 metal end piece 114, including corresponding screw threads 115. The metal end piece

114 is 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 pen 101 for good all-around visibility.

20 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
mounted side by side within the housing 102. Either the ink cartridge nib 119 or the
stylus nib 121 can be brought forward through open end 122 of the metal end piece
114, by rotation of the pen top 105. Respective slider blocks 123 and 124 are mounted

25 to the ink cartridge 118 and stylus 120, respectively. A rotatable cam barrel 125 is

' secured to the pen top 105 in operation and arranged to rotate therewith. The cam barrel
125 includes a cam 126 in the form of a slot within the walls 181 of the cam barrel.
Cam followers 127 and 128 projecting from slider blocks 123 and 124 fit within the
cam slot 126. On rotation of the cam barrel 125, the slider blocks 123 or 124 move

30 relative to each other to project either the pen nib 119 or stylus nib 121 out through the



30. The nethod of claim29 in which said copy request is associated wth at
| east one zone of the docunent and in which the nethod includes
identifying, in the conputer systemand fromthe zone relative to which the
sensing device is placed, said 5 copy request. 31. The nethod of claim 30
whi ch i'ncludes receiving, in the conputer system novenent data regarding
novenment of the sensing device relative_ to the docunent, the sensing device
" generating the 10 novenent data using | east some of the coded data; and
identifying, in the conputer systemand from said novenent being at | east
partially mntR id at |east one zone, said copy request. 32. The nethod
of clai m 3§ 422 d’él?bfgme% hst ygeRgl14i Ahe pen d@hhas égfeg ﬁ@ﬁ@n@f enemationhBy15

person ha @a‘aﬁ s of the sensing device. 33.
The net hozt o?ﬁﬁh%q?ﬁi %h |ncqgﬁ£ Ehe%?eleﬁ? ef?gar? he docunent in response to,
receiving,sin th&yrenpohiy 129y&kem a docunment request, the docunent request
being a request for the docunent. 20 34. The method of clai m 33 which

i ncl udes clausi ngvk isertiidgsui8mib AHYouthandcoded data to be printed onto the
sur f acez supst ant us. 35. The . nethod claim 29 wherein
the cod®d data .@elbﬁﬁg’?éﬁé §ﬂ% bﬁ?ﬂ%‘“{réwwzg@]éﬁlr 9Ye unai ded human
eve. 36. The et hadoy fabOBADONY Bk aPbY YR B1ckBLALLDGR 156 WHi Y

record of each copy printed, ocunent elng retrievable using a Ieast

sonme of t heitiwodbe hdedimg d02.t e swohddex ARCBNRE inddits a0 inffeed LED p3i fdred. 30
| ai,m.29 in which the sensing device contains data

80 37. The net hod
i ndi cat i vé:’TBYIdH#g ‘Pgé‘f‘?fcilrla@lafi?n {oerrisction oriedthe furfags: Hy imessl seneeyr Hgnist or i ng,
' nt he Cor%%ﬁéd ﬁ%%émonst‘ﬁle gaéo%ﬂrﬁé ?CB512§8F01' I&%w%? gl‘ejzs\t,ﬁctl L c{ri?thog &r%rph od

whi ch the ‘docunent 1s print on nu a9cs ane

i ncl udt® bthedirfiget Tie prgrd 1e3PCETIZY ABb Iilﬁﬂmﬁsfa fldad Hb(%&n% tkip i3pckuras the
step of sendlng a ﬁhy3|cal obj ect to the person, the physical bject

i ncl udi ng Had rrangmter igad Fdeegeiger, and wonoollerhéumé%@nt whtrollisgm 29

wh th.th t
second sur Petb bR BRI YB! ofn Shict wade BE' Gt SRy 565 1aah &1l Wbtse Lescona
surface hagitiiadag cdﬁéral ONdh€ Proj¥és b Bbard bARDNbhioY RS surfige %ﬁ@yreceq\?es

met hod to enable a person to make a copy of at |east part of a document
printed orgges ale thedmage kanset 32a Pewhasipply wivee B tdamaedt ik cahponentsonan

dent th | ur al f ts of th '
tocumtd . Ui sl 16 TR 138% Tasfoabidiscld? ShichEse mgnieovie tHeimand ¢ he
coded dat a1 DS, B ichhBdl PIK Quhb&s ?di{hte%gﬁergl&g sél'ahat@crs}ﬂﬁﬁfe??yss' y

receiving, in a conputer system indicatin rom a sensing device, the

i ndi cat i ngA datavolhrichapeabde bittebp130 sits willintthé yan@baﬁrélelzdﬁﬁ oAkt veirdtha

position Qf 25 the sensing device relative to the docunent, the sensing
devi ce, Hery| coutagts. An induction charging coil 140 is mounted about the second flex PCB

129 to enable recharging of the battery 139 via induction. The second flex PCB 129
20 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.
25 Rubber grip pads 141 and 142 are provided towards the end 108 of the
housing 102 to assist gripping the pen 101, and top 105 also includes a clip 142 for
clipping the pen 101 to a pocket.
6.2 PEN CONTROLLER
The pen 101 is arranged to determine the position of its nib {stylus nib 121 or

30  ink cartridge nib 119) by imaging, in the infrared spectrum, an area of the surface in the




operatively relative to the docunent, generating the indicating data based
at least partially on sensing at | east sone of the coded data in the
vicinity of the position; and identifying in the conputer systemand from
the indicating data, a copy request, 30 the copy request being a request
for a copy of at |east part of the docunent; and 81 transmtting, from
the conputer system relevant docunent .data to at | east one printer to
effect printing of the copy. 43. The nBfhod of claim42 in which said copy
request is associated with at |least 5 one zone of the docunent and in which
t he net hod .incl gﬁetﬁ iqtggti fying, in the congut er systemand fromthe zone
rel ative tYCHHY H hpan h§?°ﬁ@£db9ilefémp§ datagtram, the giearestolegaticagigestnd 4. The
met hod of [ ' i ng: S Cej Vi Ln_the.conputer system
novenent ataglb?aeg% I r%tg ﬁl%%%%rﬂéﬂ %fgtg? hgo i,:,éelnésninglg9 ﬁgl\lllit & 1903{@% E@eﬂtﬁ%mtghe
docunent , dpes $8handgorielecehig @R raeicotrdiig AR BB cutdsahd! SHdlatdin dreast
some of the coded data; and identifying, in the conputer systemand from
sai d novenBatrepeinddha nih-tntpg dstandealrpm thetierspestiveddistorticmashseoied aothe, sai d
copy reguest ,.4p .45 The met hod of claim42 including identifying, in the
conput er sysalggm & hat the person has entered a hand-drawn mark by neans of
the sensing devi UﬁhsiﬁgtheTmcMﬁtmgn@Bmﬁﬁlﬂ Eﬂz‘kﬁeﬁ%\ PO LAGHIARR (R dighing the
docunent in response to 20 receiving, I n the cofputer system a docunent
request, tink ddedwhishtis ceuymed fdysengitaandpacksged for effietent rensmession) 47 theThe

met hod of claim 42 wherein the coded data is substantially invisible to the
aver age ur@MPAI"E8¥Teye. 25 48. The method of clai m 42 which includes
.retaining a retri Ve RIS e i ng
retrievabl e usi ngﬂl\aé?%@%fﬁ?é%ey%%???%%eg%getaggja%%?g’#({a elsg%%{é%gﬁggﬁv\hi ch

t he dotQnestforiredpWheh ¢k peill 04 dnovEb eutsit fangt, diginl Rikndaflis baffefel éHtHimthesensi ng
devi ce contains data indicative, of 82 an identity of the Eerson and t he

met hod i ndtded EsnpenotqIngireuitsy inlides apuifier aggagedrp st digiabink daja 80. The
e oo of PSRy T kel LEBPRUTB I oA BC D T  ohiie a0 S

in which t
_ later.

The controller chip 134 is mounted on the second flex PCB 129 in the pen
15 101. Figure 10 is a block diagram illustrating in more detail the architecture of the
controller chip 134. Figure 10 also shows representations of the RF chip 133, the image
sensor 132, the tri-color status LED 116, the IR illumination LED 131, the IR force
sensor LED 143, and the force sensor photodiode 144.
The pen controller chip 134 includes a controlling processor 145. Bus 146
20  enables the exchange of data between components of the controller chip 134. Flash
memory 147 and a 512 KB DRAM 148 are also included. An analog-to-digital
converter 149 is arranged to convert the analog signal from the force sensor photodiode
144 to a digital signal.
An image sensor interface 152 interfaces with the image sensor 132. A
25  transceiver controller 153 and base band circuit 154 are ;dso 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,

30 controls the LEDs 116, 131 and 143, and handles short-range radio communication via




51. The nethod of claim42 which includes the step of sending a physical
object to the person, the physical object including the docunent and the
coded data. 10 52. The nethod of claim42 wherein a printer associated with
the person is caused to print, on a second surface, the copy. 53. The

met hod of claim52, wherein the second surface has coded data indicative of
an identity of the copy. 15 54. A nethod to enable a person to nmake a copy
of at |east part of a docunent printedbdbnto a surface, the surface having
coded data indicative of an identity of the docunent and of a plurality of
reference points of the docunent, the nethod including the steps of 20
recei vi ng, the rdéo transpeiver 1 8y Bieamedivdopenferntance@débiHz) ghecralquupsse RIBEquUest
bei ng a request for the docunment; causing, in response to the docunent
request, tHEH¥unent to be printed onto the surface: rece|V|ng, in the
conmput er system igating
data indicative rg#lé]gll ﬁstsgﬂg?%gﬁ d &%gvﬁﬁ&?ﬁﬁ‘gﬁﬁ&% a pcggl fll%glsgf t he

sensi ng deanddmsetahdtcirvsit {84) hﬁagiaogeus@rimerfhaem;embmﬁm qu¢7 agmpRaced
operatively relative to the docunent, generating the indicating data based
at | eas? ﬁﬁ%ﬂ"él% a5 I egrated gn 4 singla sontrolies ASIG. MmategiBE chmponents (RE

vicinity nd 3 ent| n t nput er m and
fromthe |Jr11r |h ?%léﬂg.bremnatmés aﬁ@@%&u‘t&ﬁ%) ag%@"f"rdégélbg’fi S Eﬁs‘%‘éﬁ ng a
request for a cope @hagd sdn@sts Ha15x105 ke @'QBU(EEEH a &H&B; i5 3Sdlckd byg, from
the conputer system relevant docunent data to at |east one printer-to

ef fect priMeishgpitef Elehféomc)r@f?rpﬁraﬁén, Eihhmeibmx]bedmnch giaperS by i Ttakadd,cK Tai d
copy requ is.a i at ed th a t one zone of the docunent and in
Wl b ¢ e Netisiie R ORuHRE RIS P BV e R dmpaoek Foyd L b ateon t he
zone ¢ atdehsort Br Whiahird PG ad eguest. 10
56. The metehocf o]f‘ claim55 mﬁr&ﬁ%}cﬁﬁ egrélzs%@#@?%g El?(%foghccﬁg‘ylcgs %ﬁ
system nolemembedd) Januerya2@lion gviiely &niendrpofatddBersiarsy Fderdfod) Geith eﬂl&Rl ve to

t he docunent, the sensing device generating the novenent data using at
| east sond™ the coded data; and-identi fying, in the conputer system and

zone, eai d copy. FEgnaneE s PR ol e £ RioarS @iy )

‘request i swiemshepat Hil iinbhinalonlatwith @RErfZRNR ifforidiftedl® @eUTBRASd @Rhit 1BoWhi ch
the net hod includes identifying, in the conputer systemand fromthe zone

rel atil® twhighmemtorscdhe dorse sepsaephetediode phhced waked up 26 copyplleetiksia. 58.
The net hoqh‘%f céra m 57 faﬁc udi ng |dent| ying, in the conputer system that
the person hESVEAPAREY w2 AL IRNR by nmeans of the sensing device. 25

59. The net hod @h&ﬂaﬁio@éﬂc%r%l?mhﬁﬁﬁdﬁ%% %%ﬂﬁ&lsts@ rﬁ%.fi'&n@r?fgalg
y si mu

coded data to be printed onto the surface substanti a t aneou
- used by cordless telephones, or alternatively in the unlicensed 2.4GHz industrial,

scientific and medical (ISM) band, and uses frequency hopping and collision detection
20  to provide interference-free communication.
In an altemative embodiment, the pen incorporates an Infrared Data
Association (IrDA) interface for short-range communication with a base station or
netpage printer.
In a further embodiment, the pen 101 includes a pair of orthogonal
25 accelerometers mounted in the normal plane of the pen 101 axis. The accelerometers
190 are shown in Figures 9 and 10 in ghost outline.
The provision of the accelerometers enables this embodiment of the pen 101
- to sense motion without reference to surface location tags, allowing the location tags to
be sampled at a lower rate. Each location tag ID can then identify an object of interest

30 rather than a position on the surface. For example, if the object is a user interface input




60. The nethod of claimb54 wherein the coded data is substantially
invisible to the average unai ded human eye. 30 84 61. The nethod of claim
54 which includes retaining a retrievable record of each copy printed, the
docunent being retrievable using at | east some of the coded data of the
surface on which the docunent is printed. 62. The nethod of claim54 in

whi ch the sensing device contains data indicative of 5 an identity of the
person and the nethod includes nonitorf®g, in the conputer system said
identity. 63. The nethod of claim54 in which the docunent is printed on
mul tiple pages and in which the nethod includes binding the pages. 10 64.
The net hoctlgrent (@gnm cxmmpidbutions thenethe t4gdDsofeaciviocstiomiag gvithipthgsiealf obj ect
to the pergon e ysical obj.ect. including the document and the coded
data. 65. tﬁ’%gﬂpﬁé%]ﬁlgg&o‘ﬁan@frg?t&ilgﬁntb@{él?ee]i‘lﬂmaﬂ%?‘?nr‘it er associated with the
person is causedTgd i : . . met hod
of claim65, wherei r%&(%rl]égéﬂédg%:f)nﬁgﬁgﬁir f%ggtg@ﬂaggélé%gggﬁ%gt?gaﬁﬁ%’é}é{?z\/%ﬁﬁ; an

i dentity ofirechenscispytegia@®d6ewith Aespetthodiniotemalibe @ pBtantReds veidoityandopy of
at least part. of a docunent printed onto a surface, the surface having
coded dat PG cative of a copy request, the copy request being a request
for the copy, thg s j. ausi ng. the .docupent and

t he coded data t%ngg{%%ﬁﬁgbgﬂ{f@g? %El%ssagpggzse&%u g};vgh%ni%glr%mﬁ Pr%ﬁﬂfoe{]ﬁeousl y;
25 recei viwighin ianst@ke argeHl@ilated, A leHbughl béitibi Gt @aB@Nadcigulss &fors 0aedi ng
sai d copy request and regarding novenent of the sensing device relative to
t he docunefiBsedt aeselepstionn geerlapmstersvtmicalby bave diigh iresslutiont rsddtheutimnat |

generatin I rdi aid co rreques sing at |east sone of the
coded dat glu%%%ngﬁtﬁg?g%%%gﬂv §ﬁﬁﬁ??§ﬁ§%‘ﬁ‘£?\% lééﬁ%f‘ati ng the data regarding

its owrp nopenent NEfhAdH PRINYER DesERPTRcuUnent ; and 85 interpreting, in the
conput er ngtem sai d novenent of the sensing device as it relates to said

copy requesi. 6SPRMMER MEGHAMIGE claim 67 including identifying, in the

conput er syste t hat .t 5 person has entered hand- drawn mar k_ by means

of th e s en)s/i n gmd’]é]ilﬁ geé’_tlczﬁg/-mo&teg netpage wallpnenter 60% 1s shown fully assembledyin
Figure 11. It prints netpages on Lettet/A4 sized media using duplexed 8% Memjet™

print engines 602 and 603, as shown in Figures 12 and 12a. It uses a straight paper path
15 with the paper 604 passing through the duplexed print engines 602 and 603 which print
both sides of a sheet simultaneously, in full color and with full bleed.

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

20  to several hundred sheets.

The replaceable ink cartridge 627, shown in Figure 13 coupled with the
duplexed print engines, has bladders or chambers for storing fixative, adhesive, and
cyan, magenta, yellow, black and infrared inks. The cartridge also contains a micro air
filter in a base molding. The micro air filter interfaces with an air pump 638 inside the

25 printer via a hose 639. This provides filtered air to the printheads to prevent ingress of
micro particles into the Memjet™ printheads 350 which might otherwise clog the
printhead nozzles. By incorporating the air filter within the cartridge, the operational
life of the filter is effectively linked to the life of the cartridge. The ink cartridge is a
fully recyclable product with a capacity for printing and gluing 3000 pages (1500

30 sheets).



69. The nethod of claim67 which includes printing the docunent in response
to, receiving in the conputer system a docunent request, the docunent
request being a request for the docunment received in the conputer system
10 70. The nethod of claim67 wherein the coded data is substantially
invisible to the average unai ded human eye. 71. The nethod of claim 67

whi ch includes retaining a retrievable record of each 15 copy printed, the
docunent being retrievable using at | e8€t some of the coded data of the
surface on which the docunent is printed. 72. The nethod of claim®67 in

whi ch the sensing device contains data indicative of an identity of the
person and the ngﬁf?ﬁ@ilg tc Figies 8o fhe ootoriged i medihpidonpueléer systtdm 6280 sai d
identity. 73, The nethod,of claim67 in which the docunent is printed on
mul tiple PABEE UF 45T iR o b e e kst BRAFESFTSOT e U5atprinis 74,
The net hods ¥ j i ) i Nvasy! obj ect
to the perg%%%&%{%lel%cﬁgjg%fé%g%jm/?gﬁg?nﬁrﬁg}eﬁg%ﬁ)ﬁg{bld?ﬂ%et%i% Iglrei Egtf heﬁcotded
data. 75. éngemeswdRand 603 aleanonnfed intaaropposifg pi-lifd ssquasiid cordigachtion tatonighe

person Ls caused to print, on a second surface, the copy. 30 86 76. The
met hod Bf 8P SHAEHS Pangs et nliienpanse G9A dis slirwadatonths frsdpdnidenging A02 dati ve of

an identit; t -1 (L. to enable a person to ke a copy of
at | east pl%allltre%P aé’fﬂbgveg%ig lﬁ%é rgﬁéﬁglg%‘?'gﬂ‘le r?tsglog aélgrsfzgcog,tﬁﬁf TS gé?gcsgnﬁ_? i ng
coded dat aandniilll ¢aded\#intihg 2o@RYicése BikRE e sl firte@MnuliBRHsAST, B aiddryig BAUest

for the copy, the nmethod including the steps of receiving, in a conputer
system a 6&@1’@9&1’%&@%@?- t he docunent request being a request for the

docurent  caus| e b Bk SRR Rk e AR RATER Sk SRRk S SHOAAER 007,
P i g D T e TR
t he documentler. Jpsr sikmyghedle comtbet the Jeedipmytaibsnifaco pyd cenfirestto Usédtheat
least so n‘eshgét 6IOQ ?ntg ?Icaiees%cgr?c{ I%er%?gcm 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
15 powered spike wheel axle 670 with a fibrous support:roller and another movable axle
with spike wheels and a momentary action glue wheel. The movable axle/glue
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.
20 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 surrounds the glie wheel, with an opening at the front.
Pivoting side moldings and sprung outer doors are attached to the metal bracket and
25 hinge out sideways when the rest of the assembly 673 is thrust forward. This action
exposes the glue wheel through the front of the molded housing 682. Tension springs
close the assembly and effectively cap the glue wheel during periods of inactivity.
As the sheet 604 passes into the glue wheel assembly 673, adhesive is applied

to one vertical edge on the front side (apart from the first sheet of a document) as it is

30  transported down into the binding assembly 605.




15 substantially simultaneously generating the data regarding its own
novenent relative to the docunent; and interpreting, in the conputer
system said novenent of the sensing device as it relates to said copy
request. 20 78. The nethod of claim 77 including identifying, in the
conputer system that the person has entered a hand-drawn mark by neans of
the sensing device. 79. The nethod of claim 77 which includes causing the
docunment and the coded data to be pri né@d on the surface substantiall y

si mul t aneously. 25 80. The nethod of claim 77 wherein the coded data is
substantially invisible to the average unai ded human eye. 81. The nethod of
clai m 77 whech i ABINTER EONTROLLERAREHITECTURE/abl e record of each 30 copy

printed, the doc nt. _bein etrievable using.at |east sonme of t coded
data of 87 t he%r“?@&%e i fi O Pﬁj%f 8‘8@&%3{’ 3 %‘)Wilmgeaf"cssff’f TG fet ho
of cl ai m 7ctoRy-Mialdl b SicREMShi HeMiotie 'ﬁ?ﬂf&&' fﬂﬁdlqeté%! Q%ﬁ@tﬁ'&tﬁﬁc&éeran

identity of the person and the nethod 1 ncludes nonitoring, in e conputer

system 5 (transgeivebesunitbiler B3, basekandatitoord 764, RIF airenitZ755, and\RF edsohdtersdmdunent
is printed &n rrulgt iﬁglcﬁ@ﬁages .and in which the nethod includes, bindjng the
pages. IRAUCtIRR o/ Shb (g T35er dagenprocesior dRIFNPPBadS 7+ fupleted prist eveingi ng a

ages. 0 18 | F ARIIDNRRLYd3 T+ fploeeprt
i the cadnaont Jo0GRPRB et MamA E1es Bha BRI DRAMIB e IR 0T 2t e

with the pef$game i4 caused to print, on a second surface, the copy. 15 86.
The met hod of claim85, wherein the second surface has coded data

i ndi cative of anTh&jepptfollng procpssor: bandlessommunigationdwith thagiverla 18emndon to
make a CoRy: . gne part a _physj cal, 20 0bj incl.udi ng a
docunent %15]5) fclz%%fegj uggetgélPe?ﬁ%eoggtifegﬁldﬁfegseﬁh‘? ﬁSIPiZ'?}E%BT&% CPRENE %%/g%‘?lf t he
docunef0 , ihRefadeeLBOd 41IC61eiang feb®s 8dEBencAfoniRE AUE HIPIDEDE 782 3@ Np:ct h t he
physi cal object; receiving, in a conputer system data froma sensing

devi ce i ndingiei ventdfllezn Taentti consists t vl g ensbinmaredformaticea tgenaalefurpdse

~identity of. the documﬁgt, thq.sensi n? 2% gevi ce containing the data
i ndi cat i v SIOMHE ety COEIIRG FTREP0B  SHrPrgBrFaEs Wit e RIME £L0EWGi cat i ve
of the | deghirb¥er®@T606 (18 adRSHEFRE stifdi BYs §49 | east sonme of. the coded data; and

identifying, in the conputer systemand fromthe data indicative of the

identity of the Ter KIR BSBs trhderizdentd tcympfest Hage adustiions ao Chpyndtegeest ,

the co request 30 being a request for a copy of the at |east one part of

" the ph{&id¥ tegﬁj coqmpressed 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 controls the paper transport and

20 monitors ink usage in conjunction with the master QA chip 665 and the ink cartridge
QA chip 761.

The printer controller’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.

25 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-

30 sclected. Flash memory 658 and the 2x256Mbit (64MB) DRAM 657 is also off-chip.




88 88. The nethod of claim87 which includes receiving, in the conputer
system novenent data fromthe sensing device regardi ng novenent of the
sensing device relative to the docunent, the sensing device generating the
novenent data. 5 89. The nmethod of claim88 including identifying, in the
conputer system that the person has entered a hand-drawn mark by neans of
the sensing device. 90. The nethod of Ehain187 whi ch includes printing the
docunent in response to, 10 receiving t he conputer system a document
request, the docunent request being a request for the docunent. 91. The

met hod of gl ai m 87 which inclydes causj t he do nt and the coded data
to be pri nflgoprgﬁtegg]flﬁgm&ﬂngﬁfc %E‘PX#FH%FFQP%* neously. 15 92. The

met hod of clai m &7vyeey 8F Redald ' tantdak | ) avisd: to the
aver age unai ded hu‘rlran eye.693.ﬁ< '%ﬁ%gﬂ%@ll%ﬁéﬁl%?rﬁ%h%i%ﬁﬁ ?ﬁdﬁ%‘g%;%

ret ai ni ng mwetpage mcewarkl iatorfaco 761 ahd @ptibndy & dgmal pompites or hbwyodo Gnteiade bei ng

retrievabl u?\%ng at Ieaﬁt sonme of the coded data of the surface on which
t he docuneft: PEUsEF Rewrprk duterneh interfaaes dndpdecPQT fhreqdeams, Wybed Ribas-Crsgument

i i d(éﬂ;lt i 9%%1?991 ' ich th t i ncl.udes_ bi ndj th
:o:tgggl. ngzg 5. );gﬁiéltelrrlg(%%g%?o clai r%hg?%v\%?%%&%nﬁc ﬁggged?%]gg??eégscwggt@h@?ng te he
physi cal afexegénciionhecihdis asleplidne BhyEkGals, OlideGlircldds | MehNWdphgwdagunent

and the coded data._96. The nethod of claim87 wherein a printer associ ated
with the pgemsesivars tacalethtglioep ipelidn IEEE 4284cEadlislupbrlel0Bie-Tomd. 89

o7 one, TR S g MECSHD A RS RIE SPS AR SRtR
meke a Combny neblvolk@ASintRAtss. H andnffdd ¥BHecRbl RN On theIHE AEGorit N
surface having coded data indicative of an Identity of the docunent ‘and of
a plurt@i ttbemhgﬂed@dabnqwoé( midrfacs capf bet sed dothemetpiage héteroskyimteefacé.ncl udi ng

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

15 The printer controller optionally incorporates an Infrared Data Association
(Ir'DA) interface for receiving data “squirted” from devices such as netpage cameras. In
an alternative embodiment, the printer uses the IrDA interface for short-range
communication with suitably configured netpage pens.

7.21  RASTERIZATION AND PRINTING -
20 Once the main processor 750 has received and verified the document’s page
layouts and page objects, it runs the appropriate RIP software on the DSPs 757.

The DSPs 757 rasterize each page description and compress the rasterized
page image. The main pi'ocessor stores each compressed page image in memory. The
simplest way to load-balance muitiple DSPs is to let each DSP rasterize a separate

25 ﬁage. 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

30 forms part of the compressed page image.




a conputer system which: receives indicating data froma sensing device,
the indicating data indicative of 10 both an identity of the docunent and a
position of the sensing device relative to the docunent, the sensing

devi ce, when placed operatively relative to the docunent, generating the

i ndi cating data based at |east partially on sensing at |east sonme of the
coded data in the vicinity of the posi%' on; and identifies, fromthe

i ndi cating data, a copy request, the copy request being a 15 request for a
copy of at least part of the docunment; and transmits rel evant docunment data
to at | east one I nter fect .printing of the.copy. ,99. The system of
claim98 in whi cﬁﬁ%giﬂ%l'%c%g@ﬁaéﬁﬁgg q@%@‘g%gea‘foé]&?l% 5%6351‘3?1’@&%{%'?@ éne zone
of the dOCIBINY of AR siller sicht BRIPTacClibdls e PLLID] B IR Ldifrof BIST N
devi ce, the sensing device sensing its novenent relatTve to the docunent

usi ng at |asdsthe sletaecawitent vd cachldal dagener2&d Hifting Tavecrigyidre mad btoeddalniht00 i n
whi ch the sensi ng devi,ce includes a marking nib. 102. The systemof claim
100 in whiCPPFECLRALSIIHASHevi ce contains an identification means which

i npartsga uni quer : | ' levi identifi.es,it as being
associ Zsted W t he'ghépi)g%{n} @ﬁ‘?"%%“’%?fg%gﬁ%ég’q Cﬁg%bﬁ%sﬁghu@%gﬁsskoe eo?iupé? 'm 98

i ncl udi ng minprehgine rcofivslleps i760.1 Bgrht fiént dagiHaBdntroNer’ BRPODRS the cb@pREEINY, i N
the conputer system a document request, the document request being a
request f di28¢ Haagfotuite ical memony, anfl stastgshe pags explansion 98d iprivtinglpmgline.pri nt er

for printi t u 1.0 which th rinter.prints.t coded data at
subst ant i al ?/e? ﬁaéggogln%%? érrlrli'etﬂl lstm%elﬁlggt}%ﬁﬂis? 1ﬁ£{mpfﬁc§1c§{;§)[ %M EP%em 104
in which, HtaMBbeleyé MY KIIR PABMImaYe ithiRgh@p mul tiple pages, the printer

i ncludes a binder for binding the pages. 10" 106. The systemof claim98 in
whi ch the %632ed RRING ENSINUGONTROLLER vy i nvisible to an average unai ded human
eye. 107. The system of claim 98 which incl.udes a database for keeping a
‘retrievable 15 r@leop%geo'?x%%?&?{l Byt Bt B’Qﬁllé‘i‘ea?gﬂl,e I%%ﬁng@e&%ﬂ%‘éﬁrrﬁo

et ri evablondist B9 Mgt §asd 190301 sdPiAAARY 33! Axblaald I dEAKE: 965,10 Ch
the docunent is printed. 108. A systemto enable a person to nake a’copy of
.at | east pestandefd Grodpcifmmiecpddr (Todch anton halsionéraoempoting Wit 763¢ 8 cidying
coded data indicat zgé o[, an idenpti t¥ of .the 20 document and of a plurality
-of ref er el SHOURE {0Gfa lﬁ"el‘?i’SE‘i?FE?Eﬁ?t,ertW Wistapehd estondiipterfacec Hifptat B syst em
‘whi ch:q£a ¥ and the coded data to be printed onto the
surfac1e§s£§r'tﬁ‘]§%1!t&§)§' ‘ﬁ%ﬁg?ﬁ%l taneously; receives indicating data froma

sensi ng devi ce, Theprinttinghiei dogtreitdr B60NPefadds M & @fubBolTRidn Aanhd ety of

t he docunent and a position of the sensing device relative to the docunent,
t he sensi rfg§C BEE 8, logdrdningy JARAMoFEP atit \thé yhigle [speedyeeriab intadacto 656%etie,

gcrer e B RS gReL bR TR ROF 3o T B Al Sl p Bl | o=

controller pipeline. Once the page has finished printing, the page just loaded is printed

20  while another page is loaded.
The first stage of the pipeline expands (at 763) the JPEG-compressed contone
CMYK layer, expands (at 764) the Group 4 Fax-compressed bi-level black layer, and
renders (at 766) the bi-level netpage tag layer according to the tag format defined in
section 1.2, all in parallel. The second stage dithers (at 765) the contone CMYK layer
25 and composites (at 765) the bi-level black layer over the resulting bi-level CMYK
layer. The resultant bi-level CMYK+IR dot data is buffered and formatted (at 767) for
printing on the Memjet™ printhead 350 via a set of line buffers. Most of these line
buffers are stored in the off-chip DRAM. The final stage prints the six channels of bi-

level dot data (includmg fixative) to the Memjet™ printhead 350 via the printhead
30 interface 768.




identifies, fromthe indicating data, a copy request, the copy request
being a 30 request for a copy of at |east part of the docunent; and 91
transmts rel evant docunent data to at | east one printer to effect printing
of the copy. 109. The system of claim 108 in which said copy request is
associated with at |least 5 one zone of the docunent. 110. The system of
claim 108 which includes the sensing device, the sensing device sensing its
novenent relative to the docunent usi n§1at | east sonme of the coded data. 10
111. The systemof claim 110 in which the sensing device includes a marking
nib. 112. The systemof claim 110 in which the sensing device contains an

i dentification md4KB sEFrahPIRRNETS eonififlers e’ 60crntuised, int pnise syen9h iy adevi ce

and identi g ) |at dW|tha rticul ar 113. The
et oo ipfekeh baBfehfidiaRS e s thattan’lif s Rk e Bnd St an ok
response teéhelRifieNging 760 r‘seﬁscféﬂWﬂﬁ%x?d‘ﬁél%‘ﬁste@/sﬁ@@ Bﬁaem @ﬂéﬂﬁég ihell}@
docunent request being a request for the docunent. z% he system of

cl ai m 108 dyne bigaalg O@npr the skared bine. prl nting the docurrent in Whl ch the

prlnter prints t coded data at ntlallythe same tinme as_the
docuren?. 115 ﬂg §’§’§'§ SHEDP nige l%ﬁ i Sonfansc B, lopospeed drrogesior o7 Tdofinent
printed org LhiPIng ¢ exbiBidar | t he
pages. 25 116. Thg%sys eme())(? foglldrtrl]atlrg%de;nﬁ W@ﬁ ’t% R@ﬁ%@@g&ﬂ%@ﬁh@? 330

subst ant i a«haylovm»sp@dtsbmltbus ai3,amd cageollingil@deppernmotoaysys, 626/. The system of
cl ai m 108 whi ch ll%’etﬁ gggs a. dat ahase for keeping a retrievable 30 record of
each document geldhatéd vemsins of g@d}e&’aﬁ%l)ﬁ@t%é@ﬁ“é\mténgmﬁsrﬁj‘»chlmméégt sone

of 92 t r]gen%p t he unent
T18. A sysruey plts il il A0 IR G URb e bife A7) BRDe plpdelsibre
d ?c u rrem()j 8.8 ﬂtHedlft Qﬁ?]@ dpi. SEHATE, vérkiensof fhaGRipagy prfitef AHE Gwél pliac bripithegat i ve
of an identity of the
each )]j{)rmts 45 Letter pages per minute along the short dimension of the page (8%4”),
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.

| 15 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,
20  differing from those specifically described, will also fall within the spirit and scope of
the present invention. accordingly, it will be understood that the invention is not
intended to be limited to the specific embodiments described in the present
specification, including documents incorporated by cross-reference as appropriate. the

scope of the invention is only limited by the attached claims.




5 docunent and of a plurality of reference points of the docunent, the
systemincluding a conputer system which: receives a docunent request, the
docunent request being a request for the docunent; causes, in response to
t he docunent request, the docunent to be printed onto the 1 0 surface;
receives indicating data froma sensing device, the indicating data

i ndi cative of both an identity of the docunent and a position of the
sensing device relative to the docunmenf2 the sensing device, when placed
operatively relative to the docunent, generating the indicating data based
at least partially 15 on sensing at | east some of the coded data in the
vicinity of the position; and identifies, fromthe indicating data, a copy
request, tHelM®py request being a request for a copy of at |east part of

t he docunent; and transmts rel evant docunent data to at | east one printer
to effect printing of the copy. 20 119. The systemof claim 118 in which

sai d copy ¢equest i | & i L east one zone .of .the docupent.

120. The s{ist e_m%frgl e@?‘gdls‘?np@@h%% % og%o?faﬁieétgt ?I}?ep%'éﬁgﬁr?&ngeg}/?’gél?e?thg‘%sensi ng
devi ce 25 d&rusiendnéhi8ingRYEEIka inelcativy/6f theideh MBSt £ Flat [g@St sone
of the coded data. 121. The system of claim 118 which includes the sensing

devi ce, 9t aegelssinaepeiatoithe decvwiany the method dmiwding theatepyefit o t he docunent .
30 122. The systemof claim 121 in which the sensing device includes a

mar ki ng ni b. OtcdiRihg, Thea Sysibery ofystehi imlit2thg datahirel hhensiapsdevizedevi ce
contains an identification neans which inparts a unique identity to the
sensi ng d-eRHeF?ée(Q aj Uity Spif; ipdicptingadaty seaeryling Shecidgptety ofither decyseant jandilaar
person. 5 . SY.S1: . clai.m 118 incl udi a printer fo rinting the
docunent iprj?%lﬁlg s -pBg ﬁ%ee%ﬁ%ﬁgg%?evée%l% %Onélg de 8%?%’2‘36 §§}§}n§ ewe?ed‘g%ﬂﬁ@ﬁcted

request, tihemdperatwspositeh ehtivciontie Aob@AsRStenkial thddHAGHIRAM- ushly £25. The
systemof claim 118 including a printer for printing the docunent 1 n which
least some of the coded data;

identifying in the computer system and from the indicating data, a request for

a copy of at least one page of the document; and

transmitting, from the computer system, relevant document data to at least one

printer o effect printing of the copy of the at least one page.
15

2. The method of claim 1 in which said request for a copy of at least one page of
the document is associated with at least one zone of the document, and in which the
method includes identifying, in the computer system and from the zone relative to

which the sensing device is located, the request.

20
3. The method of claim 2 which includes:

receiving, in the computer system, data regarding movement of the sensing
device relative to the document, the sensing device sensing its movement relative to the

document using at least some of the coded data; and

25 identifying, in the computer system and from said movement being at least
partially within said at least one zone, the request for a copy of the at least one page of

the document.



the printer prints the coded data at substantially the sane tinme as the
docunent. |26. The systemof claim|25 in which, to cater for a docunent
printed on nultiple pages, the printer includes a binder for binding the
pages. 15 127. The systemof claim 118 in which the coded data is
substantially invisible to an average unai ded human eye. 128. The system of
claim 118 which includes a database for keeping a retrievable 20 record of
each docunent generated, each record b&ng retrievable using at |east sonme
of the coded data of the surface on which the docunent is printed. 129. A
systemto enable a person to make a copy of at |east part of a docunent
printed onto a surface, the surface having coded data indicative of a copy
request, the 25 copy request being a request for the copy, the system

including &4 conukRthodlytpeivitihk Ghiop) IFIERaitime Pass BEN priaRRd doben&Rdad data
to be printed onto the surface substantially sinultaneously; receives
i ndi cat i nglogamentfipelndiag voded defadedictveradyparadneny femp dopypf tiB0atrleegpt@se and

regardi ng _novepent. of the, sensi evice relative to the 94 docunent, the
sensi ng dé@ﬁ%gfﬁﬁﬁgﬂnW%ﬁ’ eF@ﬁE@&Wﬂ“lﬂgﬁﬁ@§368ﬁnent, generating the

i ndicating data; and interprets said novepent of the sensing device as it
rel ates®to sai d EEPYNESHISOMPUtET shem;data EOuasenong deacenperded by ehser ncl udes

t he sensi ' ' ' nsi ts nmovenent .rel ative to the
docunent . o rebRy IRE GBI RN o SPRREE R i Rl e
a mar ki ng toite dob@mimi2senting (5¢/64te Bgafdind fk Reqhd&t dsthg v i JohR cTeRSEJUgd devi ce
contains an identification nmeans which inparts a unique identity to the

sensi ng delpfasandind i dentifies it as being associated with a particul ar
person. 15 133. The systemof claim 129 including a printer for printing

t he docunent in tresmitisg, freon lecwmpung system arelonmtudoetimsimtstati atledgouaent
requersi t he docu%nt .request bei ng% a request for the docunent. 134. The
syst eni®f PEWIET O g3est pripiingwiihe sonyrofihest least opiPagei ng t he document in which

5. A method of providing a copy of at least one page of a printed document, the
document including coded data indicative of a request for a copy of at least one page of

the document, the method including the steps of:

15 recelving, in a computer system, data from a sensing device operated by a user
regarding the request and regarding movement of the sensing device relative to the
document, the sensing device, when moved relative to the document, sensing the data
regarding the request using at least some of the coded data and generating the data

regarding its own movement relative to the document;

20 interpreting, in the computer system, said movement of the sensing device as

designating the request; and

transmitting, from the computer system, relevant document data to at least one

printer to effect printing of the copy of the at least one page.

25 6. A method of providing a copy of at least one page of a printed document, the
document including coded data indicative of an identity of the document, the method

including the steps of},




20 the printer prints the coded data at substantially the sane tine as the
docunent. 135. The systemof claim 134 in which, to cater for a docunent
printed on nultiple pages, the printer includes a binder for binding the
pages. 136. The systemof claim 129 in which the coded data is
substantially invisible to an 25 average unai ded human eye. 137. The system
of claim 129 which includes a database-jfor keeping a retrievable record of
each docunment generated, each record bglng retrievable using at |east sone
of the coded data of the surface on which the docunent is printed. 30 95
138. A systemto_enabl e.a person to ke opy of at |east part of a

physi cal = obj ect FﬁgwﬁﬁrHbadxﬁﬂ%ﬁﬂbﬂ@gghdhibﬁggyadFQ?ngﬁ@vfﬁﬂgﬁmﬁﬁﬁémbeing

| ndi cati VeiqeiielofiZaat lahil 10fardiig HOTMARR! of HCISURIRIASG WlliHo GageOrPUt o7

system for receiving froma sensing device a Indicative o dentity
of the perwitiinaghel dodvandntlethe isensimyf dévive chmeainfagtthe datd ré@irding €t idbytitgapf f rom
said receiyed data, a. copy.request, the copy request being a request for

the copy, 'PRESEERSPHES gfa Eepat Réhihsddentiey elbthe dpeumend end thegt leapionedent i ty
of the @eagggm%ﬂﬂrﬁﬁﬂﬁhﬂﬁaﬁﬁﬁngﬁt%g&%%%%?kﬁ%ﬁg&&ﬁ%ﬁe i dentity of the

docunent ng at least sone o %39. The system of claim
138 which includegs the sensing device, the sensing deyice sensjng.its
novenent rel ati v]gle?t qge"ﬂ%ﬁﬁf“é‘ﬂ'tlt.er Syptym %ﬂ’é‘ @93?@%?%??’ gg}erfﬁ‘i@éy Phthhi ch
the sensi ngeffid &6 idefitysiehe AoBBA: A8 McPat 1dmt 6 pagtini) HEMcRinefd, 3 M 138
including a printer for printing the docunent In ?é%ponse to recelving, in
t he conputrequesy®r eprinteddopyniht at leagiest paged thodetmmizht; aeduest being a
request for the docunent. 142. The system of claim 138 including a printer
for printing thewsigeiinpy] frém thhdonipudd sviempPreldvhl dRhihSdat® £ pdaddat a at
substantially the sane tinme as the docunent. 143. The systemof claim 138
in whi th tnvEterde effed ariating o£thp sopsnef the pylcishonspdgee to an average unai ded
human eye. 25 |144. The system of claim 138 which includes a database for
keeping a retrievable record of each docunment generated, each record being
retrievable using at |east sone of

7. The method of claim 6 in which the coded data is also indicative of a request

for a copy of at least one page of the document and the method includes receiving, in
the computer system, indicating data from the sensing device regarding the request, the

15  sensing device sensing the indicating data using at least some of the coded data.

8. . The method of claim 7 which includes receiving, in the computer system, data
from the sensing device regarding movement of the sensing device relative to the
document, the sensing device generating data regarding its own movement relative to

20 the document.

9. The method according to any one of claims 1, 4, 5 or 6 which includes printing
the document on a surface of a surface-defining means and, at the same time that the

document is printed, printing the coded data on the surface.

25

10. The method of claim 9 which includes printing the coded data to be

substantially invisible in the visible spectrum.




t he coded data of the surface on which the docunent is printed. 145. The
systemof claim 138 in which, to cater for a docunent printed on nultiple
30 pages, the printer includes a binder for binding the pages. 96 146. A
systemto enable a person to make a copy of at |east part of a docunent
printed onto a surface, the surface having coded data indicative of a copy
request, the copy request being a requ St for the copy, the system
including 5 a conputer system which: reCeives a docunent request, the
docunent request being a request for the docunent; causes, in response to
t he docunent request, the docunent to be printed onto the surface; 10
receives indicating data froma sensing device regardi ng said copy request
and regardj ng eneq%ﬁ&f t he sensing device relative to the docunment, the
sensi ng deMice, MISSREHBY dacareing lp witheroclpin 1.gb o deint whigh the sansing dewice

i ndi cati ng.data. ' i d - nt. of .t he sensing device as it
ol ates o haifandlehbE ke St BRLEE R PTG RhetiERe

incl udes tdnd idaniflesdt deveiag, astditutaEWithNgpalavileCusenhill N8 viish MRVLRBGY
relative to the docunent. 20 148. The systemof claim 147 in which the

sensi ngP defsludesimenitogiag, ia thewommyensystem] %9d Ideatityyst em of cl ai m 147 in which
the sensing device contains identity data which inparts a unique identity
to the sensing device and identifies it as being associated with a
particul ar person. 25 150. The system of claim 146 including a printer for

printing tine docuenéthod Bdoordiie 164 658 of claindi M4l 4Cr O] wHicAGnardpubat er for
printing the docunent in which the printer prints the coded data at

subst ant i dP1 § cemeolsatenst prrepags afftee dusumenhtelat@Oto a page that is part of a form,
the method including the step of requesting a copy of the form.

10

13. The method according to any one of claims 1, 4, 5 or 6 in which the request
for a copy of the at least one page results in the printing of multiple pages and in which

the method includes binding the pages.

15 14. A system for providing a copy of at least one page of a printed document, the
document including coded data indicative of an identity of the document and of at least

one reference point of the document, the system including:

a computer system for receiving indicating data from a sensing device for

identifying a request for a copy of at least one page of the document; the indicating data

20 being indicative of the identity of the document and a position of the sensing device
relative to the document, the sensing device, when placed in an operative position
relative to the document, sensing the indicating data using at least some of the coded

data; the computer system being configured to transmit relevant document data to at

least one printer to effect printing of the copy of the at least one page.

25

15. The system of claim 14 in which said request for a copy of at least one page of

the document is associated with at least one zone of the page within the document.




97 152. The systemof claim 146 in which, to cater for a docunent printed

on nmultiple pages, the printer includes a binder for binding the pages.

153. The system of claim 146 in which the coded data is substantially

invisible to an 5 average unai ded human eye. 154. The system of claim 146

whi ch includes a database for keeping a retrievable record of each docunent

generated, each record being retrievable using at | east sone of the coded

data of the surface on which the docum&dt is printed. 10
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page is printed on a surface of a surface—defmmg means, and in which the system

includes a printer for printing the copy of the at least one page.
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26. The system of claim 25 in which the printer prints the coded data at the same

time as printing the document.

27. The system of claim 14, 17, 18 or 19 in which the coded data is substantially
10 invisible in the visible spectrum.

28. The system of claim 24 or 25 in which, to cater for the printing of multiple

pages, the printer includes a binding means for binding the pages.

15 29. A method to enable a person to make a copy of at least part of a document printed
onto a surface, the surface having coded data indicative of an identity of the document and of
a plurality of reference points of the document, the method including the steps of
receiving, in a computer system, indicating data from a sensing device, the
indicating data indicative of both an identity of the document and a position of
20 the sensing device relative to the document, the sensing device, when placed
operatively relative to the document, generating the indicating data based at
least partially on sensing at least some of the coded data in the vicinity of the
position; and
identifying in the computer system and from the indicating data, a copy request,
25 the copy request being a request for a copy of at least part of the document; and
transmitting, from the computer system, relevant document data to at least one

.printer to effect printing of the copy.
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30.  The method of claim 29 in which said copy request is associated with at least
one zone of the document and in which the method includes identifying, in the
computer system and from the zone relative to which the sensing device is placed, said

5 copy request.

31.  The method of claim 30 which includes
receiving, in the computer system, movement data regarding movement of the
sensing device relative to the document, the sensing device generating the
10 movement data using at least some of the coded data; and
identifying, in the computer system and from said movement being at least

partially within said at least one zone, said copy request.

~32.  Themethod of claim 31 including identifying, in the computer system, that the

15 - person has entered a hand-drawn mark by means of the sensing device.

33.  The method of claim 29 whiéh includes printing the document in response to,
receiving, in the computer system, a document request, the document request being a
request for the document.

20
34.  The method of claim 33 which includes causing the document and the coded

data to be printed onto the surface substantially simultaneously.

35.  The method of claim 29 wherein the coded data is substantially invisible to the

25 average unaided human eye.

36.  The method of claim 29 which includes retaining a retrievable record of each
copy printed, the document being retrievable using at least some of the coded data of

the surface on which the document is printed.
30




& ()-0V6\ 77+9:;; ;WUEC 10 U 10 U U 10 U U | +S#10% U
U& ()-P!' A +S#109%TUTUL () - P! @ +S#109%VUMUE () - P!l "10% U

U& ()-T!'*I1"10%7& ()-T;;; Rk<=>v>uVAC 10! pp#10%&' ()- ," 1098 ()- P

10968 () -P"10%G8 ()- P 109%G& ()-10%:& ()- 10 U Uv>>! 2u??2?@B4C

10! pp#! 8$#10%& () - "]10%& ()-,0! 10%:& ()-P 10%38 ()- P 10%& () - P<

10968’ () - @GMA* BzBB' DaB4C 10! pp#33! 10%& )-026#10%G&' ()-3 0! 10%G&' () -

3.11096G8% ()- -]1109%& ()- !8$#10%&' () -8®} D~DDDDSE" FF~\ :

10111, #10% 8! 8&' () - P! % #10988& ()-P! 1, #10% 8! 8&' ()-P109%8& ()- 10G 10G

10G #1098’ () FG# | JKLWUB~\ :

10! #1098& /) - | 1FEoDstBoBef «(lylm N ooeiseh (He-seasindgd¢eaintains! daelindB s e(of- | , #1098

8& PLc 1011 m ' i 109K -I 10% U&' 108 108
T T T L IR R TR

said identity.

5 38.  The method of claim 29 in which the document is printed on multiple pages and
in which the method includes binding the pages.

39.  The method of claim 29 which includes the step of sending a physical object to
the person, the physical object including the document and the coded data.

10
40.  The method of claim 29 wherein a printer associated with the person is caused

to print, on a second surface, the copy.

41. The method of claim 40, wherein the second surface has coded data indicative

15 of an identity of the copy.

42. A method to enable a person to make a copy of at least part of a document
printed onto a surface, the surface having coded data indicative of an identity of the
document and of a plurality of reference points of the document, the method including
20 the steps of
causing the document and the coded data to be printed onto the surface
substantially simultaneously;
receiving, in a computer system, indicating data from a sensing device, the
indicating data indicative of both an identity of the document and a position of
25 the sensing device relative to the document, the sensing device, when placed
operatively relative to the document, generating the indicating data based at
least partially on sensing at least some of the coded data in the vicinity of the
position; and
identifying in the computer system and from the indicating data, a copy request,

30 the copy request being a request for a copy of at least part of the document; and
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43.  The method of claim 42 in which said copy request is associated with at least
9 one zone of the document and in which the method includes identifying, in the
computer system and from the zone relative to which the sensing device is placed, said

copy request.

44.  The method of claim 43 which includes
10 receiving, in the computer system, movement data regarding movement of the
sensing device relative to the document, the sensing device generating the

movement data using at least some of the coded data; and

identifying, in the computer system and from said movement being at least
partially within said at least one zone, said copy request.
15
45.  The method of claim 42 including identifying, in the computer system, that the

person has entered a hand-drawn mark by means of the sensing device.

46.  The method of claim 42 which includes printing the document in response to
20  receiving, in the computer system, a document request, the document request being a

request for the document.

47.  The method of claim 42 wherein the coded data is substantially invisible to the
average unaided human eye.

25
48.  The method of claim 42 which includes retaining a retrievable record of each
copy printed, the document being retrievable using at least some of the coded data of

the surface on which the document is printed.

30 49.  The method of claim 42 in which the sensing device contains data indicative of
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51.  The method of claim 42 which includes the step of sending a physical object to

the person, the physical object including the document and the coded data.

10 ~52.  The method of claim 42 wherein a printer associated with the person is caused

to print, on a second surface, the copy.

53. The method of claim 52, wherein the second surface .has coded data indicative
of an identity of the copy.
15
54. A method to enable a person to make a copy of at least part of a document
printed onto a surface, the surface having coded data indicative of an identity of the
document and of a plurality of reference points of the document, the method including
the steps of
20 receiving, in a computer system, a document request, the document request
being a request for the document;
causing, in response to the document request, the document to be printed onto
the surface;
receiving, in the computer system, indicating data from a sensing device, the
25 indicating data indicative of both an identity of the document and a position of
the sensing device relative to the document, the sensing device, when placed
operatively relative to the document, generating the indicating data based at
least partially on sensing at least some of the coded data in the vicinity of the
position; and

30 identifying in the computer system and from the indicating data, a copy request,
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movement data using at least some of the coded data; and

identifying, in the computer system and from said movement being at least

15 partially within said at least one zone, said copy request.

57.  The method of claim 54 in which said copy request is associated with at least
one zone of the document and in which the method includes identifying, in the

computer system and from the zone relative to which the sensing device is placed, said

20 copy request.

58.  The method of claim 57 including identifying, in the computer system, that the

person has entered a hand-drawn mark by means of the sensing device.

25 59.  The method of claim 54 which includes causing the document and the coded

I
i

data to be printed onto the surface substantially simultaneously.

60.  The method of claim 54 wherein the coded data is substantially invisible to the

average unaided human eye.
30
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66. The method of claim 65, wherein the second surface has coded data indicative

of an identity of the copy.

20 67. A method to enable a person to make a copy of at least part of a document
printed onto a surface, the surface having coded data indicative of a copy request, the
copy request being a request for the copy, the method including the steps of:

causing the document and the coded data to be printed onto the surface
substantially simultaneously;

25 receiving, in a computer system, data from a sensing device regarding said copy
request and regarding movement of the sensing device relative to the document,
the sensing device, when moved relative to the document, generating the data
regarding said copy request using at least some of the coded data and
substantially simultaneously generating the data regarding its own movement

30 relative to the document; and
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70.  The method of claim 67 wherein the coded data is substantially invisible to the

average unaided human eye.

71.  The method of claim 67 which includes retaining a retrievable record of each
15  copy printed, the document being retrievable using at least some of the coded data of

the surface on which the document is printed.

72.  The method of claim 67 in which the sensing device contains data indicative of
an identity of the person and the method includes monitoring, in the computer system,

20 said identity.

73.  The method of claim 67 in which the document is printed on multiple pages and

in which the method includes binding the pages.

25 74.  The method of claim 67 which includes the step of sending a physical object to
the person, the physical object including the document and the coded data.

75.  The method of claim 67 wherein a printer associated with the person is caused

to print, on a second surface, the copy.
30
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79.  The method of claim 77 which includes causing the document and the coded
data to be printed on the surface substantially simultaneously.

25
80.  The method of claim 77 wherein the coded data is substantially invisible to the

average unaided human eye.

8l.  The method of claim 77 which includes retaining a retrievable record of each

30  copy printed, the document being retrievable using at least some of the coded data of
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86. The method of ¢laim 85, wherein the second surface has coded data indicative

of an identity of the copy.

87. A method to enable a person to make a copy of at least one part of a physical
20  object including a document and coded data, the coded data indicative of an identity of
the document, the method including the steps of:
providing the person with the physical object;
receiving, in a computer system, data from a sensing device indicative of an
identity of the person and indicative of the identity of the document, the sensing
25 device containing the data indicative of the identity of the person and generating
the data indicative of the identity of the document using at least some of the
coded data; and
identifying, in the computer system and from the data indicative of the identity
of the person and the identity of the document, a copy request, the copy request

30 being a request for a copy of the at least one part of the physical object.
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94.  The method of claim 87 in which the document is printed on multiple pages and
in which the method includes binding the pages.

25
95.  The method of claim 87 which includes the step of sending the physical object

to the person, the physical object including the document and the coded data.

96.  The method of claim 87 wherein a printer associated with the person is caused

30 to print, on a second surface, the copy.
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10%@@‘ 0- least some of the coded data in the vicinity of the position; and
identifies, from the indicating data, a copy request, the copy request being a
15 request for a copy of at least part of the document; and
transmits relevant document data to at least one printer to effect printing of the

copy.

99.  The system of claim 98 in which said copy request is associated with at least

20 one zone of the document.

100.  The system of claim 98 which includes the sensing device, the sensing device

sensing its movement relative to the document using at least some of the coded data.
25 101. The system of claim 100 in which the sensing device includes a marking nib.

102.  The system of claim 100 in which the sensing device contains an identification
means which imparts a unique identity to the sensing device and identifies it as being

associated with a particular person.

30
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prmted onto a surface, the surface having coded data indicative of an identity of the

20  document and of a plurality of reference points of the document, the system including
a computer system which:
causes the document and the coded data to be printed onto the surface
substantially simultaneously;
receives indicating data from a sensing device, the indicating data indicative of

25 both an identity of the document and a position of the sensing device relative to
the document, the sensing device, when placed operatively relative to the
document, generating the indicating data based at least partially on sensing at
least some of the coded data in the vicinity of the position; and
identifies, from the indicating data, a copy request, the copy request being a

30 request for a copy of at least part of the document; and
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112.  The system of claim 110 in which the sensing device contains an identification
means which imparts a unique identity to the sensing device and identifies it as being
associated with a particular person.
15
113, The system of claim 108 including a printer for printing the document in
response to receiving, in a computer system, a document request, the document request

being a request for the document.

20 114. The system of claim 108 including a printer for printing the document in which

the printer prints the coded data at substantially the same time as the document.

115.  The system of claim 114 in which, to cater for a document printed on multiple
pages, the printer includes a binder for binding the pages.

25
116.  The system of claim 108 in which the coded data is substantially invisible to an

average unaided human eye.

117.  The system of claim 108 which includes a database for keeping a retrievable

30 record of each document generated, each record being retrievable using at least some of
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request for a copy of at least part of the document; and

transmits relevant document data to at least one printer to effect printing of the

copy.
20

119.  The system of claim 118 in which said copy request is associated with at least

one zone of the document.

120.  The system of claim 118 which includes the sensing device, the sensing device

25 sensing its movement relative to the document using at least some of the coded data.

121.  The system of claim 118 which includes the sensing device, the sensing device

sensing its movement relative to the document.

30 122. The system of claim 121 in which the sensing device includes a marking nib.
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134.  The system of claim 129 including a printer for printing the document in which
20  the printer prints the coded data at substantially the same time as the document.
135.  The system of claim 134 in which, to cater for a document printed on multiple

pages, the printer includes a binder for binding the pages.

136.  The system of claim 129 in which the coded data is substantially invisible to an

25 average unaided human eye.

137.  The system of claim 129 which includes a database for keeping a retrievable
record of each document generated, each record being retrievable using at least some of

the coded data of the surface on which the document is printed.
30
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response to receiving, in the computer system, a document request, the document

request being a request for the document,

142, The system of claim 138 including a printer for printing the document in which

20 the printer prints the coded data at substantially the same time as the document.

143.  The system of claim 138 in which the coded data is substantially invisible to an

average unaided human cye.

25 144. The system of claim 138 which includes a database for keeping a retricvable
record of each document generated, each record being retrievable using at least some of

the coded data of the surface on which the document is printed.

145.  The system of claim 138 in which, to cater for a document printed on multiple

30 pages, the printer includes a binder for binding the pages.
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149 The system of claim 147 in which the sensing device contains identity data
which imparts a unique identity to the sensing device and identifies it as being
associated with a particular person.
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-150.  The system of claim 146 including a printer for printing the document.

151.  The system of claim 146 including a printer for printing the document in which

the printer prints the coded data at substantially the same time as the document.
30
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153.  The system of claim 146 in which the coded data is substantially invisible to an

5 average unaided human eye.

154.  The system of claim 146 which includes a database for keeping a retrievable
record of each document generated, each record being retrievable using at least some of

the coded data of the surface on which the document is printed.
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