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BACKGROUND
Presently, users wishing to interface with a computer system usually do so via a
dynamic display device, such as a computer monitor. A computer mouse and keyboard are
used to control software running on the computer system. For example, to print a page found

35  whilst browsing the Internet, a computer mouse can be used to select a print command from a



dynam c di splay device, such as a conputer nonitor. A conputer nouse and
keyboard are wused to control software running on the conputer system For
exanple, to print a page found 35 whilst browsing the Internet, a conputer
nouse can be used to select a print command froma -2- task bar shown on
the display. Wiilst such interface systens are useful, they are relatively
bul ky, and lack the tactility and i nmedi acd-of, for exanple, using a pen to
wite on paper. Paper's visual characteristics and portability make it a
nmor e desi r abltskprestemnadn tha displly Umhilkthaoh Bahce COMRL £ UBITAL HRE Sird R1AREY

ci rcunst ances. kHow%vler Qa%e[.' S stati g nature has 5 previously nade it
somewhat unstPEEd 2 hEE QSR IREPCrCE Shyftit SRkt (5RE & Pen SUNKIRRY esper.

| NVENTI ON Ac qapdisngsubOctrdciefisitcs a0 @6ftathity ke | iNY @t QBhirabiB Sk &ehtiddl Q¥lidigd a
met hod of printing or displaying a docunent froma conputer systemvia: an
interface surfc&% ﬁ%ﬂl%?rn’@m&%fﬁ At BeRagEcunstiacesnt Hpfvense panel udhig naihss tgk e
textual &) iahonoptl:a0iantabsiantd slldohoylisl lsnsodeddata; a sensing
devi ce whi ch, when placed by the user into an oEperat ve position relative
to the interface surface to desi JWHMARY ORISVENFM@NoOf t he textual

i nformati on, senses, |.pdi I a.l.hdi cat.ive of. t he. docunment, usi. at

| east sone of the c%dég@&ngg(% g;@igstt ﬁsg)%%%é)tf?]hg nYcﬁé?nugfeﬁeglsP hogldg 5&%81@ ,Olflprrlu&gﬁlfé’r
conput er systspryitHa deveiewt fitgn & henpuidisgasng: data from t he sensi ng devi ce;
and sending the document. to aﬁgri nt g.r to _beggri ted or to a di s‘JoI,a}y devi ce
to be displayed. ARCOFIFGUBansudgndHREERS: die PHE SN ISR dPdual o
provi ded 18 systremudoind spistantikGndisiBRGIBRIatd, r OM a conput er systemvia: 20
an interface surface including an interface, the interface including
visible textual i AFGFIRRICHITE SHEFhsBEY RIATTHAYI he HH50 Y0 B ePER e dostemrclasive

sensing devi gahyitehce WP Rl RGEHhON ENLHRES hdeRuANnRRRLRN! %8R eMilLAY
relative to_the interface surface to designate at | east sone of the

textual inf oftatdisaivesé Hedecymat e Hdeasidamg of idicedadidee; of the docunent
using at | eagt nai8 i;qudH@EiheCQHﬁ@f,q[?E}ﬁ;cof’ﬁg&* lzs?st@m.p“ nter operatively

connected _to the conputer system e cC m%u er system being configured to:
recei ve #fe indi caricpijingahcandicsimetdhe foentt ngsdeviedes; amhd  send the document

: ﬁet PEXPL;{“ Iellil ¢ E)? rrg({%idg{ﬁl t@égc?;alhrg{ngf § La)a/‘;bnlt'iTY]tgr kd bg hperinteldr csvrt toagddissp?a%roggvif%s R)egé S
displayed.

According to a second aspect of the invention, there is provided a system for
printing a document from a computer system via:

20 an interface surface including an interface, the interface including visible textual
information and substantially invisible coded data;

a sensing device which, when placed by the user into an operative position relative
to the interface surface to designate at least some of the textual information, senses indicating
data indicative of the document using at least some of the coded data; and

25 a printer operatively connected to the computer system;
the computer system being configured to:

recetve the indicating data from the sensing device; and

send the document to the printer to be printed.

Preferably, in the first and second aspects, the textual information designated by the

30 user is at least partially indicative, to the user, of the operation. More preferably, the textual
information designated by the uscr is adjacent, or substantially coincident with, coded data

upon which the indicating data is based.

In preferred embodiments, the textual information can take the form of any



30 user is at least partially indicative, to the user, of the operation.
More preferably, the textual information designated by the user is

adj acent, or substantially coincident with, coded data upon which the
indicating data is based. In preferred enbodi ments, the textual information
can take the formof any -3- conbination of. text, including graphics-based
text; icons; and hypertext links. In a pardicularly preferred form the
coded data takes the formof tags, the tags being printed onto a piece of
paper to be reatinityonafsenshelgligeyiagigcd-thsédexd RboRe, ofd BpaeRtiigal sensing
stylus. The tags ar,e pref\.fﬁrrilbly Pri ?t ed using an ink that absorbs near,
infrared |ight but T&PaMSHBLY BRieraf [y fgicasdadidatatekes thydpamolpesnie asnbeine
normal |ight prigte€ ondiatpi@Bsf pABLD R MSEHy 2 HkAGAcASANGL REMIdn BbiidaD&nShyY! US
close to the surface, one or nore of the tags are inmaged, interpreted and
decoded to prs‘élt;isderhﬁﬁaﬁsr?d‘? PR gy fingé csineap 1’t11€)ﬂ1§éalpﬁoﬁﬁtr@@h infrgret Hight g pect s
of the ingentimaniih!i ens 1.ng 1F I i n talled
descri ption of prgllgr_lilggggﬁ a‘é‘j{?ﬁfz{rn g%&%%{lﬁ %qxg?] gllghtg?gi %10\?1glr%]§8¥\46n%]fg%8%efEF
DESCRI PTI ON ErmgoRAAMNGS:Rr @ff the stetis airde 0t Hersugndoo dharentsreaff thhegs meantgan

141 o, be SRS ool RO M FRTRIR B, e e onee
rel ationship betweBwtler b of e invedionetipageonansbpatet Gohi alingdtgdollowing
desor P90 ol TRUEEIE iy RSRTRLLE ALSINCL, Gyl sragt on betveen a
applicatilon server; Figure 3BRIEUPESERIBTEON OH BRAVIINGS net page servers

and printers interﬁoEne tedg ia a network; Figure 4 is a schematic view of
a high-level struct GO Ofﬁ i FRASHTHEISPAGE BHAUPE ¥ IHAPY Re dpsgeed, by way of

descri pti on; ncQirfitigEéRmpld ol with 28¥eith &0 FRAM b aflyiRf HMGALES Sn Wi Net page
tag; Figure 6 is a plan view showi ng a relationship between a set of the
tags shown iW8EFJur & seheantic oba thearlaiiomshipibstivest agample prigied semetorpddievnties i n
the formof @.peipagenpen; Figure 7 is a flowhart of a tag inmage

processin anﬁ decoding algorithm Figure 8 is a perspective view of a

net page b’gn BiggeiZtis aasdonitnt vev tdg- semaiting b twebul aofetpapeyen, 25namge prifiegur e 9

|5 075" SRECIe, APLOE ot Sl LIR.ehpRgs, pen shown | n Figure 8 Figure
gra pen conttoller for the netpage pen
shown in Filggures iiBis@aaick Dsollection of netpage servers and printers interconnected via a network;
Figure 4 is a schematic view of a high-level structure of a printed netpage and its online page
description;
20  Figure 5 is a plan view showing a structure of a netpage tag;
Figure 6 is a plan view showing a relationship between a set of the tags shown in Figure 5 and
a field of view of a netpage sensing device in the form of a netpage pen;
Figure 7 is a flowchart of a tag image processing and decoding algorithm:
Figure 8 is a perspective view of a netpage pen and its associated tag-sensing field-of-view
25  cone;
Figure 9 is a perspective exploded view of the netpage pen shown in Figure §;
Figure 10 is a schematic block diagram of a pen controller for the netpage pen shown in
Figures 8 and 9;
Figure 11 is a perspective view of a wall-mounted netpage printer;
30  Figure 12 is a section through the length of the netpage printer of Figure 11;
Figure 12a is an enlarged portion of Figure 12 showing a section of the duplexed print engines
and glue wheel assembly;

Figure 13 is a detailed view of the ink cartridge, ink, air and glue paths, and print engines of



Figure 1 | is a perspective view of a wall-nounted netpage printer; 30
Figure 12 is a section through the Iength of the netpage printer of Figure
11; Figure |2a is an enlarged portion of Figure 12 showi ng a section of the
dupl exed print engines and glue wheel assenbly; Figure 13 is a detailed
view of the ink cartridge, ink, air and glue paths, and print engines of
-4- the netpage printer of Figures 1 | anrdt42; Figure 14 is a schematic

bl ock diagramof a printer controller for the netpage printer shown in
Figures |1 ardng@pgcdirguref Liguies | Bagiclzemat i ¢ bl ock di agram of dupl exed print
engi ne contr IIers4 .and NE 5} I\(Iiz‘ii grl theads associated with the printer
control | er sh&if S %Fﬁ’ﬁ?lé A0 G © 8 Priatercauipllsrden e pytpReR PBF‘S’Q‘?I’&WG?
the print eng;gnﬁ;gmpmdm ler shown in Figures 14 and 15; Figure 17 is a

per spective VI ew of a single MenmjetTM printing el enent, as used in, for
exanpl e, t hEgHE Paljé %P?fmt@rbieﬁk thrgep o dyplexest prnt cn@nqu@moaerwnﬁ Megnjet™
perspectige yiiaMkaa asdocHIB »L/1tlp§1€,§3119ttar Ar i o 1n MRHEEAT PTiNting
elenents; Figure 19 is a series of perspective views rllustrating the
operating cyEigaredf it hechimniiceliTl diggrimof thg pehiemgine cefomlier showRiiyg bigere 34 and

Fi gure 20 |sEa perspective view of a short segnent of a pagew dth MenjetTM
print head; i'gure 21 is a schematic view of a user class diagram 15

Fi gure 22 i sFigursdReénmparpestivewiad ofa qirglatenjecMasiatith dghanas ubddghlrfer &3mpk, a
schematic vi - qga en ﬁé Ass d‘oatg gm Figure 24 is a schematic view of an
appl i cation ‘¢F ASREIPEEFLR EIGUI%P3% i s a schematic view of a document and
page dest@i pFigen [8iaggrpeape antw offlsgdll @ard 6f dnsardy SENRABIIMpritigNe16dherds;
docunent angl:rgl?%g ovvnershl cI ass diagram 20 Figure 27 is a schematlg
view of a t 08 Raiar O Spacefic 4t oRuerdeg o SR HITE PG dho Hlemget]
schematic w;em;ﬁé elemsihiahden B8 %‘(ﬁ@ﬁg .speci alization class diagram Fi gure 29
is a schematic view of a hyperlink el enent class di agram Figure 30 is a
schematic vid@ee0 & apppesqivaKies o pshrt spoental @ pagavadth Meate "Ypringheadyy  Fi gur e

31 is a schemgli 61 }é'a%‘é\htﬂ{au@vw lds&ﬁﬁgscgﬁ IR, cl ass diagram 25 Figure 32
is a schematic view of a formclass diagra Figure 33 is a schematic view

of a di gl? alFigyik2Zisasshetiatigvigm of Bipgnreeclas diagran;schematic view of a field
el ement Speqj@;]ré 2051, QA8 Sic8 @9 "M ass diagram;

Figure 24 is a schematic view of an application class diagram;
Figure 25 is a schematic view of a document and page description class diagram;
Figure 26 is a schematic view of a document and page ownership class diagram;
20  Figure 27 is a schematic view of a terminal element specialization class diagram;
Figure 28 is a schematic view of a static element specialization class diagram;
Figure 29 is a schematic view of a hyperlink element class diagram;
Figure 30 is a schematic view of a hyperlink element specialization class diagram;
Figure 31 is a schematic view of a hyperlinked group class diagram;
25  Figure 32 is a schematic view of a form class diagram;
Figure 33 is a schematic view of a digital ink class diagram;
Figure 34 is a schematic view of a field element specialization class diagram,
Figure 35 1s a schematic view of a checkbox field class diagram;
Figure 36 is a schematic view of a text field class diagram;
30 Figure 37 is a schematic view of a signature field class diagram;
Figure 38 is a flowchart of an input processing algorithmm;
Figure 38a is a detailed flowchart of one step of the flowchart of Figure 38;

Figure 39 is a schematic view of a page server command element class diagram;



Figure 35 is a schematic view of a checkbox field class diagram Figure 36
is a schematic view of a text field class diagram 30 Figure 37 is a
schematic view of a signature field class diagram Figure 38 is a
flomchart of an input processing algorithm Figure 38a is a detailed
flomchart of one step of the flowhart of Figure 38, Figure 39 is a
schematic view of a page server conmand elf%enent class diagram -5- Figure
40 is a schematic view of a resource description class diagram Figure 41
is a schenat iFezuvd €ws efchanfity aew s rdsbiste @bk@psiotltlagrddgranti gure 42 is a

schematic view o |ist _.class dli' gga Figure 43 is a schematic
1 T

Rl g history. List, gram,  E
view of a suBSEFS Bt SRCPIRRIS YUY oh? Brgdst ist Clesseiagie 44 is a schematic view
of a hyperl i guroues tchehassSyiek 395 RloryFi GRS dtRrdn$ @ Schematic view of a
hyper | i nk ac&{,i, vatjon protocol; Figure 46 is a schematic view of a form
submi ssi on prELECDIS 2 SHhamals e f anbraipiorsdiprirrgosslbew of a commi ssion
payment psot egate 46 A duERERESGRL PTG E R OTHER EMBODI MENTS
10 Note: Me 'gbt TMis a trgde mar ka owslﬂf\r/eﬁ%rlfggq%%% Sear ch Pty Ltd,
Australia. |HEue Pt efcdenad beoth atink attevationentordn is configured to work
with the netp lll%%r;g; waLked &Mfiig’%“’%%bﬁi%é%\? a}otgceotl,azinlded overvi ew of which

follows. It w be appreciated ry inplementation wll

necessarily Ewghwody isd ichenateveew nbstonofisdidiepagpettiptdtecotiet ai | s and  ext ensi ons
di sc ed bel ow,j i i m [, th temi
Gescribed i SoXERAEEBPRR R TIAR B pRE sEARATTANIITHER PO, ©

r ef er enc@0whBntealtejaittiing trthde mark desisteaebit B £ONEEOXkd, iARstMBhCh the preferred
enbodi ments and aspects of the present invention gperate. In brief
summary, the pref eﬁl}g’ﬂplr?)ff’rﬁ‘? ‘Tm}{)‘ﬁ’?én%tt?f’a@ée‘g‘s?gtl%fﬁ”@ﬁbfle@%W_afkc‘ﬁlﬁlbﬁﬁé}etpagﬁ
interface i mdhekéDsompter Sy MBHREL 5k B@&ﬁewfoh%ich%u@vsphmu%é'ap;gwiét@&ﬂxa:.

whi ch contains references 20 to a magv of the surface maintained in a
conput er systRRTOTHRPIFR Hioney B neessaarrBody abior exenisyosanf hippreotbicidateds and
sensi ng devi &RunsieReRIiRd baBOMN thGios REGL bisk SF(&PIIHW%, ey AT Jggtﬁ'ibed in
r ef erenc‘g% may be encoded visibly or invisibly, and de meﬁ I'n such a way
t hat a | beéalsgiepty cemplete hermelp peducsutht ased yiveledsmah refoents ghioustteapting to
reference balfe.W.thinh LHE T8 di.fferent nmaps, The cqnputer
syst em can c_on?raian i nf or n%%gn@gﬁg%gg@ﬂgzg "tffjeesmo(’%”??%s 5&%6@50550(}%%%‘85@?{
such i nf or nebveohorcerrdde retri eved based on map references supplied by a
sensing device usg wi.th the nap eg _Séjrface The i nformation thus
retrieved can take nt rleeffs(%rrn%aalf, gre erred form of the netpage system employs a computer

interface in the form of a mapped surface, that is, a physical surface which contains references

and

20 to a map of the surface maintained in a computer system. The map references can be queried
by an appropriate sensing device. Depending upon the specific implementation, the map
references may be encoded visibly or invisibly, and defined in such a way that a local query on
the mapped surface yields an unambiguous map reference both within the map and among
different maps. The computer system can contain information about features on the mapped

25  surface, and such information can be retrieved based on map references supplied by a sensing
device used with the mapped surface. The information thus retrieved can take the form of
actions which are initiated by the computer system on behalf of the operator in response to the
operator’s interaction with the surface features,

In its preferred form, the netpage system relies on the production of, and human

30  interaction with, netpages. These are pages of text, graphics and images printed on ordinary
paper, but which work like interactive web pages. Information is encoded on each page using
ink which is substantially invisible to the unaided human eye. The ink, however, and thereby

the coded data, can be sensed by an optically imaging pen and transmitted to the netpage



actions which are initiated by the conputer system on behalf of the
operator in response to the operator's interaction with the surface
features. In its preferred form the netpage systemrelies on the
production of, and human 30 interaction with, netpages. These are pages of
text, graphics and inmages printed on ordinary paper, but which work |ike
interactive web pages. Information is encddled on each page using ink which
is substantially invisible to the unai ded hunman eye. The ink, however, and
t hereby thesggded data, can be sensed by an optically imaging pen and
transmtted to the pnetpage -6-. system, |ln the preferred form actjve.
buttons and hyper|i@ﬁ@QB%%%§§ﬁ“B§éﬁu%hﬁ“@838%1@%@H“*&P?ﬁm%w@gbéﬂ*%%Cvﬁﬁéest

i nformation fwitnht ben neteqoisk infirmb@orSirghahe ERHART @NG BKnkiOrafREEMNAH K neBBINEr . -
In one enbodi nent, text witten by hand on a net%age, is automatically

recogni zed and’8" FofvSrPAYMER: EShBute by iard op A neRases pyapaticals remmisiisedi ng

forms to lie koddegel tNcorhflt@UNGn 1RTRAHARM: Sy, SlcANA WS tJ 6 REEsh AR Fher
net page are automatically verified, allow ng e- commerce transactions to be

securel y aut ﬁ’é‘P?di’él@?t_S:A%g‘ila{“IfﬁﬁsﬁC_alldé‘éi qnna Fieguee ate agtopriisnlgdvaniéepagWing an
represent a b&ﬁﬁé@@&hﬁé@.ctfoggmb\éﬁazec%m)a&%,, REgfilled in by the user both
age an e

physically, on the printed page, ectronically", via 10

conmmuni cati on bet weeriilttistedemliand 1t herinted peigrec d st emresdhe irexattp dorghelsh a
"Request" fopp coRhAI N ddress fields and a submt button. .The
net page consi sts o# g{rya fﬂgalg%a?ogﬁﬁg Srlclairell el thgipﬁld‘tevi%aigfil aé'%i nlf,w%m‘ﬁﬁlgod"éﬂ
data 3 pfPnt edmagnicationbeectn dre @h dndgse dctisiengsteimNThs ieldnepld Bllows TheRequest”

correspondin e _description 5 tqred on the netpage network, describes
t he indi vi dugﬂrﬁgﬁgﬁlgh S af‘??%ddﬁééf ?J%%@%?‘“dl %S“Bg‘r‘ﬁ“&tﬂ’l"aﬁgi“f"pﬁgéescé’f“‘?‘ﬁ%%feﬁrﬁ@‘? ype
and spatial et enrinidl {shonelibefingaghl dddteuaetd Menied eNBRbLILdioR of kgXts hidigd d
or button in_th 1 EX le), to allow the . netggge systemto correctly

i nterpret input'oid% g{i@g@cﬁt}g A% deHien hufarehomsthe metpagsashyire, desdiibss a

zone 7 whi chthe oidiasRORAchA dfig b8l BARRE iOdestliRs GRY | hi c
8. As illgstrat eél in Fiﬁtjre 2, tlﬁdg%r%et Salglg ﬁjenlloef,rngb g%et er %gjg%aé%rﬁgge?p
€

whi ch i s!2ho\fAre) 9 spehyintaactise ghancot Hred teré pebution imothe cgetrie)l thellow,the
wor Ks in conjdangt kMot drde RSk - ri 0 ] - C ted
printing apple?ﬁaa%ceﬁf or_ohorre,t@gff?)g% 116%9%651{]%&%%22 thﬁg%léﬁgﬁ?({sr}n&\;\ﬁ?reﬁ%glggﬁand
comuni cat eshaseeeireel yhigh edrespradniettvagetip ekattarf thei carrespsidng er@ng@ radi o | i nk

9. The net page prisQt ; referred form which is sh ..n _Fi gures
11 to 13 and descﬁ?tﬁlgf tr?t%&lﬁlol%’élﬁagt tglle PR R I?fé aa%rf%“?%%&@ﬁ?\l\)\%ﬂfh is Shotn
peri odi cal | yindiiguors Heniehend peerdetat moeddetsievapapesks iMB@atneswitlc analpegs,

o ot o 214, B 81, AR EELIENS,, Bl PLBLeC &L AL AULLL 0 SR e
appl i ance whs efreless and communicates securely with the netpage printer via a short-range radio link 9,
The netpage printer 601,  preferred form of which is shown in Figures 11 to 13 and
described in more detail below, is able to deliver, periodically or on demand, personalized
newspapers, magazines, catalogs, brochures and other publications, all printed at high quality
25  as interactive netpages. Unlike a personal computer, the netpage printer is an appliance which
can be, for example, wall-mounted adjacent to an area where the morning news is first
consumed, such as in a user’s kitchen, near a breakfast table, or near the household’s point of
departure for the day. It also comes in tabletop, desktop, portable and miniature versions.
Netpages printed at their point of consumption combine the easc-of-use of paper
30 with the timeliness and interactivity of an interactive medium.
As shown in Figure 2, the netpage pen 101 interacts with the coded data on a printed

netpage 1 and communicates, via a short-range radio link 9, the interaction to a netpage

printer. The printer 601 sends the interaction to the relevant netpage page server 10 for
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i ndi vi dual user gipage u eIvers on the netpage network are conﬁgured to deliver
print-quahty publications to netpage printers. Periodical publications are delivered
automatically to subscribing netpage printers via pointcasting and multicasting Internet
protocols. Personalized publications are filtered and formatted according to individual user
profiles.

25 A netpage printer can be configured to support any number of pens, and a pen can
work with any number of netpage printers. In the preferred implementation, each netpage pen
has a unique identifier. A houschold may have a collection of colored netpage pens, one
assigned to each member of the family. This allows each user to maintain a distinct profile
with respect to a netpage publication server or application server.

30 A netpage pen can also be registered with a netpage registration server 11 and linked
to one or more payment card accounts. This allows e-commerce payments to be securely

authorized using the netpage pen. The netpage registration server compares the signature

captured by the netpage pen with a previously registered signature, allowing it to authenticate
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diagrams which follow, however, operations are never modelled.

An association is drawn as a line joining two classes, optionally labelied 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

25  with its name, and is also optionally labelled at either end with the 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.

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

shown with attributes only where it is defined.
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Tags are printed in infrared-absorptive ink on any substrate which is infrared-
20  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 fo the netpage system via the nearest netpage printer. The pen is wircless and
communicates with the netpage printer via a short-range radio link. Tags are sufficiently smail

25  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 1D 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.

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

30 allowing it to maintain a distinct set of user-supplied values for input fields in the page
description for each printed netpage.

The relationship between the page description, the page instance, and the printed

netpage is shown in Figure 4. The page instance is associated with both the netpage printer
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page on which the tag appears, In other embodiments, the region to which a tag refers can be
20  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)
Region ID 100
Tag ID 16
Flags 4
Total 120
25 Each tag contains 120 bits of information, typically allocated as shown in Table 1.

Assuming a maximum tag density of 64 per square inch, a 16-bit tag ID supports a region size
of up to 1024 square inches. Larger regions can be mapped continuously without increasing

the tag ID precision simply by using abutting regions and maps. The 100-bit region ID allows
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data areas c@pi; entations aof the individual bits of the encode
tag data. To acﬂ{l g‘\i/{elﬁgtglgguergefrgbcar“}ﬁ JHreredrd the tag is rendered at a

resol uti on ofl.2256xA8Gsicaldlag.Seadkarepri nted at 1600 dots per inch this yields

atag wth a diametlg{ij gﬂf about 4 mm At 20 this resolution the tag is
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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 1s rendered at a resolution of 256x256
dots. When printed at 1600 dots per inch this yields a tag with a diameter of about 4 mm. At
20 this resolution the tag is designed to be surrounded by a “quiet area” of radius 16 dots. Since
the quiet area is also contributed by adjacent tags, it only adds 16 dots to the effective diameter
of the tag.
The tag includes six target structures. A detection ring 15 allows the sensing device
to initially detect the tag. The ring is easy to detect because it is rotationally invariant and
25  because a simple correction of its aspect ratio removes most of the effects of perspective
distortion. An orientation axis 16 allows the sensing device to determine the approximate
planar orientation of the tag due to the yaw of the sensor. The orientation axis is skewed to
yteld a unique orientation. Four perspective targets 17 allow the sensing device to infer an
accurate two-dimensional perspective transform of the tag and hence an accurate three-
30  dimensional position and orientation of the tag relative to the sensor.
All target structures are redundantly large to improve their immunity to noise.
The overall tag shape is circular. This supports, amongst other things, optimal tag

packing on an irregular triangular grid. In combination with the circular defection ring, this
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regi on via adeé’é’ﬁsﬁhﬁéeﬂsﬂ’é\iﬁ&’é‘? mupfebesaiis fongge déldasteonmestirelfes ibitefield of eevano

| east one enhbtke® wha@ ih fhelrtgod & | i -0y biNGe kG QD or
at what gri entation it is f%‘osirﬁlt gﬁ%&?r}é&%ﬁ‘gm?g&%%g%ﬁ%q'\gﬂngEegl}llrg% &%ﬁgﬂér‘i%‘ t?l eld
of view &F tdd erigw afthdessiog d¢wicetintheafar e fisncfiometthosizadispeigj of theang.
spaci ng of the tag g ci.rcul.ar tag shape, t m ni dj anet.er
oF “Thesansor 11 of aup iRt ghhe bR bt HARE: b e Db B AR
equi | at er al abtdizedgrlienthegagscye tded ehoswpilhtaraFirguigigarGrid las2hdwil RgFigurage

Processi ng Decedi The tag im rocessi ng and decodi ng perforned by
a sensi ng dgl\%‘(‘:e sﬁ%%Prg%getqﬁgceng?‘fﬁj?’gﬁ‘]&g“ﬁen is shown in Figure 7. Wile a
captured inmage is ki ag iaagyirsesify 0 debRlindBGRrmEEBS @ kenstip@icIib 8iBnGs BN JE

of the ié’ﬁage is determned (at 20). The center of the range is then
netpage pen is shown in Figure 77 While a captured image is being acquired from the image

sensot, the dynamic range of the image is determined (at 20). The center of the range is then
chosen as the binary threshold for the image 21. The image is then thresholded and segmented
into connected pixel regions (i.e. shapes 23) (at 22). Shapes which are too small to represent
tag target structures are discarded. The size and centroid of each shape is also computed.

25 Binary shape moments 25 are then computed (at 24) for each shape, and these
provide the basis for subsequently locating target structures. Central 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

30  of being very well behaved when perspective-distorted. Matching proceeds by aspect-
normalizing and rotation-normalizing ecach shape’s moments. Once its second-order moments
are normalized the ring is easy {o recognize even if the perspective distortion was significant.

The ring’s original aspect and rotation 27 together provide a useful approximation of the



chosen as the binary threshold for the image 21. The image is then

t hreshol ded and segnented into connected pixel regions (i.e. shapes 23)
(at 22). Shapes which are too snmall to represent tag target structures are
di scarded. The size and centroid of each shape is al so conputed. 25 Binary
shape nmonents 25 are then conputed (at 24) for each shape, and these
provi de the basis for subsequently |ocatifdg-target structures. Central
shape nmonents are by their nature invariant of position, and can be easily
made i nvari aperspfctiscadmeforraspect ratio and rotation. The ring target

structure 15 is the.first to be |oc t,eg (at 26). A ring has the advantage
30 of being very well® BEHEGEF Y [9dF Setcrt Pdiedpsicd:pietd). WaEkns Ry pdsbbeds

by aspect - neppeibi; 2k gn@B GofnelliddtioR N 1N QEIBLHBE DS RARR, SAERKaHnRERALS Hoce
its second-order nmonments are normalized the ring is easy to recogni Zze even

if the pe_rspé"ét‘]i“{?% ATERSr PPenitnersond-gpAsT Mempnts arcTivemelized’tke oris girgrlis espect
and rot at bon24gtiRaeNbRImRr MY it gausebitkn 'Q%{ﬂﬁéjqu& ?fg%lﬁ%usﬁ@ e-th/:é-pgésible

perspective transform The axis target structu next to
| ocat ed (at 2Byntatighs ehihpgxipr Bceddse tsydelibppblyi shgwadhie ame Bglego mokmahis padsibhns

to each shapg,s ARIENT i.on-=nor mal i zi the resultin ments.
Once its secoﬁd-aorggdr?tlﬁsn?r@g? %Srsﬁiegtgﬁgo%?th% 128 lﬁeﬁgcg%ﬁ tgrgftaaﬁ%éftthia%gaégg‘i’ RV
recogni zed. MNotelitdtiats apphed, hincedhopdaiectiveritndrtibiscanetiiel theskid @rpdi’ sanhimye atie
the two possi,pl e or.i ant ations '8f the_axis. The shape is deliberately
skewed to oné i 48 PO ARRETHPY ﬁ&‘??%’?@?pro’ﬂb‘f“éo“a‘?@ PRAroRton diedppgi yaw
possi bl e10o 2dtati on-normalize the axis target after it has had the ring's
normal i zati ons appl@g_@lrsi nce the perspective distortion can hide the axis
[

target's axis. The PEPErae Lrgtisgpefares fdtaat theraghie br dested (asdufFood

appr oxi mat i ogtifhtel BEthtiaBoskioh® hdteb@Putdl Bask @ of BRir XA Qthigl%eiatTcg}ﬁhiﬁag%rthe ring
perspective target structures 17 are the last to be located (at 30). Good

esti mat es of ANAHATS g6 the garechind roiipntod dhdorinm dnd het tedsition lofi dhnadp Afiteling

rel ati onshi deRdd (g thaRdoaxl ‘ tion of the
ring, an tﬁgor ot at%lffgﬁ\) }g&?; tt he %S?’gﬁngl\l/g{“%ﬁ% Eﬁegcgﬁg%égﬁﬁ‘g%%%g%ﬁ%?’ﬁg t %Oéld
ring' s no? melfieranerems are nemehizahap elrenlnomeptgive Gnges tleehsy ®ecandizd, ddander

monment s are ROLBlL468.1 ' - perspective targets are easy t

recogni ze, and the ta?aﬁgtt% Stg':m(r't)eg s()?{rt’[t0 gisetgceﬁl RSBt [erge %%lPatliCS‘H“ilé Otfglkeej}‘?“%ls a
mat ch. The aeisgeatiab twent poi then okert ebd durperpedpattdnée chakgel 1SoRs qdahesr
taken to belé1 e perspective-di storgé?g? corners 31 of a square of__ known size

h
in tag space Cand an & GRICCHEYrRE! FEASHG AP SFEREt VR TRPSIEy By ithindaTeds

inferred (dst32padbasedoloing 3¢l wilRghdeR®oMRLIAIRIShOAR BEUBL LIRS af Lindlbt N
t he four Otag-space and | mage 20 space point pairs (see Heckbert, P.,
Fundanerftal SPHE PPEY PRiFeCRh BiAEF b elndt ndaryentyia of iTagure Mapping and Image Warping,

Masters Thesis, Dept. of EECS, U. of California at Berkeley, Technical Report No. UCB/CSD
89/516, June 1989, the contents of which are herein incorporated by cross-reference).
The inferred tag-space to image-space perspective transform is used to project (at
36) each known data bit position in tag space into image space where the real-valued position
25 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-bit
Reed-Solomon codewords is decoded (at 38) to yield 20 decoded bits 39, or 120 decoded bits
30  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 tag is not



Masters Thesis, Dept. of EECS, U. of California at Berkel ey, Techni cal
Report No. UCB/CSD 89/516, June 1989, the contents of which are herein

i ncorporated by cross-reference). The inferred tag-space to image-space
perspective transformis used to project (at 36) each known data bit
position in tag space into i nrage space where the real -valued position 25
is used to bilinearly interpolate (at 36)1#he four rel evant adjacent pixels
in the input inmge. The previously conmputed i mge threshold 21 is used to

t hreshol d t hdoundsud tuct@sipllpdetoded, Hen fib pad pditton ivabot@eBB:r Hneged! fan368ivdat a
bits 37 have %eeq obtained in %EEF gﬁy, each of the six 60-bit
Reed- Sol oron *CEHERBIGES S PYEE ot diciiat @ negymipgna)ifigldpt sy v otietlteiatiy dgtegyy

120 decoded hivoBres @6kihPartdotictlag iNOE Buitdi@imdpe codeword synbol s are sanpl ed
in codeword order, so that codewords are ‘inplicitly de-interleaved during
the sanpling proces$e oriiwed fagglatadpgdieatesitBe jdgnigilof thegagjn conteiping tisdreendathe t he

i mage whose p&didnl ISP wiRintHe repldi® f QU 2PLEER 3t5h(§}{t2é E'gf% lllibgrgthel Lgi(ﬁn?%? d,
is part of a conplete tag. If a conplete tag 1s not -14-"foun and
successf ul | ywgea@pdiedoverdiesriontitipeds pdshe pom i3 then ecforete (it f3g) fibhethe yerseative
franme. G ven u essj;n ower, and i deall non-mnjmal field of
vi ew 193, antr?irﬁfog[% ng% :81\7%&% rOZ't %18% 8 iaﬁ@(% %320%8%“% rei?%’f’%}ﬁ? bteélvﬁe? % RS
current i nagehysifhlexsbtdibageh’s agicdbatxss. i ndi cates the identity of the region
cont ai ni ng tp?stag n athe 5 position of the tag within the region. An
accurate position 58 0t*% he pen nib in the region, as well as the overall

orientatiidn 35 of theodagns igSedultemn bERSH 89 { A 1B4Ind b UR-LNGVOBES RAGEIME
transform 33_observed ﬁn éﬂ% tag_and the known spatial relationship between
the pen's pﬁﬁ/‘gﬁeé § g, Snd Hig hEI4eR PEn BEttoRgRn B fransiatedvinty appbsqltg laggtion

Decodi ng a tw&ghif @Ruddesd teBiod, the€@c@bnldPihedad Bhih Be r8N6h Auli@d 1h&VAtTKES %%h
transform Before the tag |ID and the tag-relative pen |ocation can be

transl ated it ® Bhmabsofueeon whighirers oakl Mignit frea ttegggé degieyton cotrprponding
| ocation of b&gioh ahe Wid MifiiLQihE% ] b S Sl Mter s
tag map, a fu_nctO [ onemhgltchﬂqcrrapslaga%h tré %%%I?% IP%J rgag\gg %ryalrcgléingtﬁg%eoﬁgn’rl%ss
correspoh'@ii r§agr4ecat i on. The tag nmap class diagramis shown in Figure 22,

as part of the net i lass 15, di agr.am tag map reflects the
schene used to til g%g%e{g éte;ﬁ 1‘%(21%0teh%rsg%lr%enuS\‘/’\ﬁi ?’htﬁ?%sf'?r %Cﬁdefgﬁ? g“%ééar’rs’ %Pﬁﬁ@s can
accor di ng t ovagurccardagtty perfacéfreme. MWikehi mphigplt agged rdea@s Qhde Shbsenet figSansne

tiling scher}rl%dﬁl}a?r]sg é@gngr%ger.tasghenunthgricng scS ege, the\¥ﬁ§can al so share the
same tag nap. e Page ey o olGh AT shye HisPPEAIN®: vi a the region
I D. Thus, given a Tiegh®fap for a region must be retrievable via the region ID. Thus, given a region
20 ID, atag ID and a pen transform, the tag map can be refrieved, 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
Two distinct surface coding schemes are of interest, both of which use the tag
25  structure described earlier in this section. The preferred coding scheme uses “location-
indicating” fags as already discussed. An alternative coding scheme uses object-indicating
tags.
A location-indicating tag contains a tag ID which, when translated through the tag
map associated with the tagged region, yields a unique tag location within the region. The tag-
30  relative location of the pen is added to this tag location fo 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 the user interface element is identified.



20 ID, atag ID and a pen transform the tag map can be retrieved, the tag
I D can be translated into an absolute tag location within the region, and
the tag-relative pen |ocation can be added to the tag location to yield an
absol ute pen location within the region. 1.2.6 Taggi ng Schenmes Two di stinct
surface coding schenes are of interest, both of which use the tag 25
structure described earlier in this sectidh.- The preferred codi ng schene
uses "location- indicating" tags as already di scussed. An alternative

codi ng schengousies- imqaecg tag ) he@dre MQviallye@Pporfihk Q&R QT ah ROiEAL b&Opdiag the
contains a taglglqli) when tran | ated through the tag nmap associ ated
with the tagd éé’?rélﬁ“ LS RSTiace iRl tag | ocation within the region. The

tag- 30 relative | QQﬁ&BJ@iﬂ-nQiﬁcahﬁgetaE%Bnth%s ﬁd@%ﬂ) {Qich Bll@thngedt@igég b&p i@yt el d
the | ocation of the pen within the region his in turn is used

det er m ne t h&leperiat |”6r1’36€f dqbﬁé’“}?é Assoeipigd b theoregionsi therfegsrif él@ezonfeb%themer in
the page desgfilRbi Ql@méiﬁsiﬁ)&l'ng} ¥Et ngkeitf & e'ie%g: P @n tthém 1J{e§1tz<§z{]§nci‘lﬂ1§1refore
en | ed, ut (0] e user

interface elenment itself 6ca n re ative
interface el ehiﬁﬁtlgui%mbl@ieﬁ}hwdt1nei@bating fegs ﬁ@@aﬂ; ll”(awfcbrﬂ,chupmrt thg chpigs dfhenefobne

X abs 0 f
trivially SUE Jole] @y trﬂ%% FAREY ec[V%r ) poﬂ fiee SO ult% 3 rﬁfc} C%?ﬁnrpgﬂ} §3?% %ﬁ%s’&o’f ag

parti cul ar I nt erf ace
| D which di r@mtplhyg |ﬁdem1c>f ¢x@Beda telgethe dmt:ernfteamemg GleguenBy, thd)displecep@@eirom one
description gssoci at ed th.the re the tags in the zone of the

user 5 interthed ngB?rséth(’[n ki H’&ﬁ‘?ftf‘vﬂ't”h@%&?aq b B guowhetRsHRnctaki ng t hem

all identiDcal and twig efter RgéingbdbnB e $Rablmio I R6perktnsli wigH hRetid:@0Rs A0
not, therefore, %u(ﬁ_gt?lrt t he capture of an absolute pen path. They do,

how_ev_er supPgpent g apiPase as B?er RiFRAUYE Plrwepe it Pathusegn|ippgetakity gprinted
position sapmtuiigy il SHHDRGHK s%ﬁ%@ﬂ%c& W G8erliha £RGQ W@{egcg@ g séﬁsﬁg WENEY -

the di spl acenent fromone sanpled pen position to the next wthin a stroke
can be unanb?“ﬁtf‘éﬁ%‘lay!’réé*t*%ﬂ?ﬁ%@ tobg goveardicdintihratetiaggeisiegr. scheme, t he tags

function in gooper ghicOmelt E\ND@%&B‘BE@EE{%NJ@UN el ements on the netpage as
user interactive elenents 1n that a user can interact with the printed

page usi g an appr dpréfarel aendimyt dbvdcement aod pese dariptiagelekatimgtam behavead
by the sensijp s@?ﬁ:\ébg%n d for an appropriate response to be generated in
t he net page sy % IVENT AND PAGE DESCRI PTIONS 15 A preferred

enbodi nent of a dobutentipardypage desaédpd ieaielas sthrél RUAML the HBQWBstrac

Fi gures 25 nth t pag stem a docunent is descrl bed at three
|l evel s. At f} 1%5%@"%1‘5‘%??&3? }PaISeQ/e"II o] oG Ma9Ee meyannpl rlaRetsc R &

struct ure wheseiatedmiinnmhtes! @R S10835h At objects, text style objects, image objects, etc.

20 Once the document is printed on a printer with a particular page size and according to a

particular user’s scale factor preference, the document is paginated and otherwise formatted.

Formatted terminal elements 835 will in some cases be associated with content objects which

are different from those associated with their corresponding terminal elements, particularly

where the content objects are style-related. Fach printed instance of a document and page is

25 also described separately, to allow input captured through a particular page instance 830 to be
recorded separately from input captured through other instances of the same page description.

The presence of the most abstract document description on the page server allows a

user to request a copy of a document without being forced to accept the source document’s

specific format. The user may be requesting a copy through a printer with a different page size,

30 for example. Conversely, the presence of the formatted document description on the page

server allows the page server to efficiently interpret user actions on a particular printed page.
A formatted document 834 consists of a set of formatted page descriptions 5, each of

which consists of a set of formatted terminal elements 835. Each formatted element has a



associated wth content objects 840 such as text objects, text style

obj ects, inmage objects, etc. 20 Once the docunent is printed on a printer
with a particul ar page size and according to a particular user's scale
factor preference, the docunment is pagi nated and ot herw se formatted.
Formatted termnal elements 835 will in sone cases be associated with
content objects which are different fronffbhose associated with their
corresponding term nal elenents, particularly where the content objects
are styl e-r elspatiedextdaohzqmei S8tadhe pgicaiibie dofinca HIHOLLINE Bica aN thppagemess akhak so
descri bed separ at Z‘l Yaq L9 tz.l Lﬁlow i nput captured through a particul ar page

i nstance 830 {0 B&° IR A separately frominput captured through ot her

instances of the satreodaags: idese 8Pl E@Rspondd® PIRSANLQCTmdN3MBIonaRs b ACt
docunent descri gtl on on the page server allows a user to request a copy of

Y !
a docunent wPTROBEHEIHGF B cedh ebWhick epresponels soupete dowintent of thedpeeithd c
format. The H@&heﬁ@ﬁaéﬂ%aé@ﬂk&%%@@@ d&cGRRY sh feg{ﬁgi’%egﬁg{eh Qgtgégﬁ\géﬁx{)ﬁff@%%des the

di fferent page size, 0 for exanple. Convers e pre
formatted doBifBREOGEGEreprEcon roae infenqsagrotpert wépe datunensintteephig expssentes t 0

efficiently Edbty%?QE%J@%sfteaaﬁtiio%i?m.on a particular printed page. A

formatted docunent onsists of a set of formatted page descriptions 5,
each of which condi pigs inftarge setsitf off preraifttethiha ratdnnak iataoeig. 83%lenkzach
formatted el nt. h a -16- spatial extent. _or._ zone 58 _on the e. This
defines the glgttg L|m\(/3e°n(flr ggs%flpiltnlﬁg(fr&sefné’ﬁﬂ?'ff wedfiz I’\“ég“a”f‘??pg’) S ﬁﬂgpgfﬂgk Rysiv) i
fields. AOdocunefur aihypdrancdeBd teanres paBES at ttandaction MBIk ehidoe UpRM: 83 |t
consists of a :seég of 2 i nst ances 830, each of which corresponds to a
page descri ptiEoH=825t a’[)%g 1Y RR eSSty o Peltelsmenighretiss i geeords atpahenscifg ¢
describes a the pEleCinttiMcURN RlchitherlsBRlRRIEnd: exBRhARCQ! a5 sidie RARL! P Qs Of

the netpage. A page instance is not part of a docunent instance if it
represents atethBYﬁ/ of a page requested in isolation. A page instance

consists of a set @fict@hilldi@heneb &L séaﬂ?%@&%ﬁt%ﬁ%?’%'hyﬁﬁliﬁi eITRhe Séﬁn§tfﬁ e
| tron. , a

only exi %s if it records instance-specific inform Thus yperTi nk
i nst ance’? 1Fl@xns 45 $ror page Kyrparchinmiené klementt84p easheen jit Figeed7d4 static element

transaction ¢4p 3o i L hfj.G 10 . i nst . angd a fiel
i nstance exi st s for as’%{j? glﬁﬁglgf\%?redﬁ& %16%%%2%%??@ csChF gggfﬁptﬁ’fqgcswﬁé%mepggﬁo
t he page i nstingreassemated emisdticyt nbleantss, doamagotic@xhist4s kiey atsocihed ishad i C

el ement s S“CeFE 5]textflows. A term.nal el ement can %e tatic el epent
t 856 e
843, a hyper |r%§ 8 é?r‘%rr%?hl‘éﬁlﬁf“elg Ss {) é'lltg an i%""%f‘t&%ﬁpﬁ_g& "6&5 Z adee CE‘BF gient
conmand el erfsitwiB4, asagisdiovitied dliphotgest 859 hn AdBt Alpl deBbR BN LvithBAdERMde a
style el nt i847. vY%d.t h g@ associ at ed st él e object 854, a textflow el enent
848 wi t1 arf 48 SIRPYUFS A L) P STR ERTeRSa tithggBssogiated faris oBIeEfSRt 2sghgvRINt h
an associ at &glurdEge
A page instance has a background field 833 which is used to record any digital ink
captured on the page which does not apply to a specific input element.
In the preferred form of the invention, a tag map 811 is associated with each page
25  instance to allow tags on the page to be translated into locations on the page.
1.4 THE NETPAGE NETWORK
In a preferred embodiment, a netpage network consists of a distributed set of
netpage page servers 10, netpage registration servers 11, netpage 1D servers 12, netpage
application servers 13, netpage publication servers 14, and netpage printers 601 connected via
30  anetwork 19 such as the Internet, as shown in Figure 3.
The netpage registration server 11 is a server which records relationships between

users, pens, printers, applications and publications, and thereby authorizes various network

activities. It authenticates users and acts as a signing proxy on behalf of authenticated users in



el ement 856, a graphic elenent 850 with an associ ated graphi c object 857, a
video clip elenent 851 with an associated video clip object 858, an audio
clip elenent 852 with an associated 20 audio clip object 859, or a script

el ement 853 with an associated script object 860, as shown in Figure 28. A
page i nstance has a background field 833 which is used to record any

digital ink captured on the page which ddés not apply to a speci fic input
elenent. In the preferred formof the invention, a tag map 811 i s

associ at ed wppiicetagtirapsgeons2B ais sxtoameehamwﬁiixhg)\ebdgagﬁm Qarviche Apagerib@l Adeve,
translated into | ocations on the pa 1.4 THE NETPAGE NETWORK I n a
preferred e n‘r‘P’)d’1 GIPAETRAEC oI 8t Bﬁ‘&&l%@?ﬁ%f%t%’b Hprapation pboyt gpge; dSSEItiaR Yk page

net page page irsehysl Thel@ipaftSicPAgR ilc@ALSink FLInGE oF %Eg,ye%reﬁzeljsleacf‘ 818882 blBset of
servers 12, netp plication servers 13, netpage pub i cati on servers

14, and netpﬁﬁﬁ‘BgyﬁﬁéﬁgmBGﬂmé%ﬁﬁéﬁﬁéﬁ‘V@@am3@“élﬁéﬁwﬁﬁﬁi@Qegﬁdﬁgﬁgw@h@a
I nter net, 5as cl&bﬁ%%cﬂ & r%hﬁ%kr ﬁrn?fels iha n@ﬁﬁ@qgﬁut rd?rgét Lih el ?Bmg%tg?{:gre]s%wbrs The

server which records relationsh i ps between user pen ren
appl i cati ons PRS GO ctat!s s suchanpitr ¢ty thedetvopiioresf th«?amrr@umnqheg paarek

activities. It aut D\e?%]bacg?_}ﬁsse%ﬁeffai?b%gtegggc%m% t ss§ 1gor}1I ?egnagr O pPdYi egg(gadt of

aut henti cated users ransactions. rovi
handwri ti ng b@@mgmmfpumSgemvwwesIDéﬁodmsmmmhﬁd above, a netpage page

server 10 maintain [sistent infor ou age_descr i ons nd age
i nst ances. The net%éggwﬁef”“?k“mﬁngng gﬁf ﬂﬁﬁﬁéﬁ ?SﬁﬁﬂéO@@$&8? é%é
handl i ng1@ smhﬂeiamﬁmgp@ggIDnEhamQE§naﬁhm@&&ﬁ%ﬂﬁ@&n&ﬁﬁg@pqﬁk&Qmﬂﬁhmh%HH§

user input val ues for each page instance, 5 clients such as netpage
printers sent NEIPBAGRPIETPLT"df rect Iy to the appropriate page server. The

page server interpnehstpaity asphichtionNRisber & 34 iaV el @ &h@hQQﬁﬁrh@%&ﬁﬂeQ%q%Q§
correspondi ng A netpage I D server 12 allocates docunent

demand, and Wﬁ?ﬁ%{i’é“s A nsiRgse B‘&*’Ih&ﬁtﬁ“r?@“’@f Mg g aprdicgiganssenpenwhich Pwlt[b‘sbfrsl ﬂ@tpagfi on
scheme. A nedd@@eﬂ@nt@tro'n@ﬁﬁée MERSs. ey Ar@h&rcnﬁéd lPdétLﬂ LPsu.gd, Name System (DNS),

or simlar, to 10 resolve a netpage page 50 into the network address of
the netp e page sbepage Wﬁﬁﬁ$WﬁgbPHEmwéomrespoﬁduﬁgmmugk jenst pltrmA from

net bage applhaakloRR Sharels ! Pro@icRFatla A" RRNGRL HELACLLVE, NSl PAgE

applications. A netpage pu I'on server S an appl't nsery
whi ch publ i sieegirsetpage sm@bdwme atda bingketpaganie dijftebiged Jhey :ﬁfrﬁexd@fﬁﬁj’stsbed

R N T e RN TR R
and Sun. I\/Ulnrdwp)dleﬂ nethpdDeseser vl theCiBe fsétiler, can also be provided directly in a netpage
20 appliance such as a netpage printer, in a computer workstation, or on a local network.

1.5 THE NETPAGE PRINTER

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

25  ideally via a broadband connection.

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

30 The netpage printer receives subscribed netpage documents from netpage
publication servers 14. Each document is distributed in two parts: the page layouts, and the
actual text and image objects which populate the pages. Because of personalization, page

layouts are typically specific to a particular subscriber and so are pointeast to the subscriber’s



concurrently on a single host, and a single server can be distributed over
a nunber of hosts. Sone or all of the functionality provided by netpage
servers, and in particular the functionality provided by the ID server and
t he page server, can also be provided directly in a netpage 20 appliance
such as a netpage printer, in a conputer workstation, or on a | ocal
network. 1.5 THE NETPAGE PRINTER The netpd8e printer 601 is an appliance
which is registered with the netpage system and prints netpage docunents
on denand an@rivﬁeavisdbggmbpﬂdtmgc Eaedr. Pt Ricimapashjectd)oh Certhep hiddl &€ tipikaiz,
and is connecg}tlagzgld tw?tht‘gﬁ e net%\ork via a network suc{;e as the Internet,
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particul ar netpage printers. 30 The netpage printer receives s
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pages simultaneously on both sides o It con al ns
print engnecoé%‘?ﬁequn@#fso%ﬁfoah@romssw Wéwgleme@duﬂltﬂqr 2iuh@rinivege etnddds in real
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page i nmages pagesth@ad more limited functionality than IR-printed pages, they are still classed as netpages.
20 A normal netpage printer prints netpages on sheets of paper. More specialised
netpage printers may print onto more specialised surfaces, such as globes. Each printer supports
at least one surface type, and supports at least one tag tiling scheme, and hence tag map, for
each surface type. The tag map 811 which describes the tag tiling scheme actually used to print
a document becomes associated with that document so that the document’s fags can be
25 correctly interpreted.
Figure 2 shows the netpage printer class diagram, reflecting printer-related
information maintained by a registration server 11 on the netpage network.
A preferred embodiment of the netpage printer is described in greater detail in
Section 6 below, with reference to Figures 11 to 16.
30 151 Memjet™ Printheads
The netpage system can operate using printers made with a wide range of digital
printing technologies, including thermal inkjet, piezoelectric inkjet, laser electrophotographic,

and others. However, for wide consumer acceptance, it is desirable that a netpage printer have



time, synchronized with the operation of the printheads in the print
engines. Printers not enabled for IR printing have the option to print tags
using I R-absorptive black ink, although this restricts tags to otherw se
enpty areas of the page. Although such pages have nore |imted
functionality than IR-printed pages, they are still classed as netpages. 20°
A normal netpage printer prints netpages-d® -sheets of paper. Mre

speci alised netpage printers may print onto nore specialised surfaces,

such as gl obdke fobbawing parastegistisupports at | east one surface type, and
supports at | east o e.la .tilk§ﬁ ichene, and hence tag map, for each
surface type. The Ay FaP 81 Whi°cH PHEYHr i bes the tag tiling scheme
actual ly used to phightqualaty t@cpiiRin becones associated with that docunent so
that the docgnent'iéga s.can be 25 correctly interpreted. Figure 2 shows
the netpage print ef&IHE8IE agram reflecting printer-related information
mei nt ai ned by a reglwhiatiegn server | 1 on the netpage network. A preferred
enbodi ment of the netpage printer is described in greater detail in

Section 6 below, withinképsrence to Figures 11 to 16. 30 1.5.1 Menjet"' 111
Print heads The net pRYS, SYRLEmM can operate using printers made with a w de
range of digital prinping technol ogi es, including thermal inkjet,

pi ezoel ectri ¢ i nkj eitnpld asatiore| ect r ophot ographic, and others. However, for
wi de consuneg acceg&fp%ﬁ%ti& Js desirabl e that a netpage printer have -19-
the foll owing characteristies™ photographic quality color printing  high
qual ity f18xt«pri nt highprifirghpeedl i ability 5 |ow printer cost | ow i nk cost
| ow paper cost sinple operation nearly silent printing 10 high printing
speed sinultaneou%gﬁgﬂﬁgﬁ‘gPhgﬁdﬁ?PHFWﬁg conpact formfactor |ow power
consunption No conewEfatbiny faadai | abl e printing technol ogy has all of these
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low power consumption

No commercially available printing technology has all of these characteristics.

15 To enable to production of printers with these characteristics, the present applicant
has invented a new print technology, referred to as Memjet™ technology. Memjet™ is a drop-
on-demand inkjet technology that incorporates pagewidth printheads fabricated using
microclectromechanical systems (MEMS) technology. Figure 17 shows a single printing
clement 300 of a Memjet™ printhead. The netpage wallprinter incorporates 168960 printing

20  elements 300 to form a 1600 dpi pagewidth duplex printer. This printer simultaneously prints
cyan, magenta, yellow, black, and infrared inks as well as paper conditioner and ink fixative.

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

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

The active actuator beam pair 308 is mechanically joined to the passive actuator

30  beam pair 309 at the join 319. Both beams pairs are anchored at their respective anchor points
310 and 311. The combination of elements 308, 309, 310, 311, and 319 form a cantilevered

electrothermal bend actuator 320.

Figure 18 shows a small part of an array of printing elements 300, including a cross



15 To enable to production of printers with these characteristics, the
present applicant has invented a new print technology, referred to as
Menj et TM t echnol ogy. Menjet TMis a drop- on-denmand inkjet technol ogy that

i ncor porates pagew dth printheads fabricated using mcroelectronmechani cal
systens (MEMS) technol ogy. Figure 17 shows a single printing elenent 300
of a MenjetTM printhead. The netpage wal t BPi-nter incorporates 168960
printing 20 el enments 300 to forma 1600 dpi pagew dth duplex printer. This
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beam pai r 38t sfahexaldo2,AsdthRing the ink meniscus 316 to bulge. The nozzle rim 303 prevents

20  the ink meniscus 316 from spreading across the surface of the nozzle chamber 304.

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

25 Figure 20 shows a segment of a printhead 350. In a netpage printer, the length of the
printhead is the full width of the paper (typically 210 mm) in the direction 351. The segment
shown is 0.4 mm long (about 0.2% of a complete printhead). When printing, the paper is
moved past the fixed printhead in the direction 352. The printhead has 6 rows of mterdigitated
printing elements 300, printing the six colors or types of ink supplied by the ink inlets 312.

30 To protect the fragile surface of the printhead during operation, a nozzle guard wafer
330 1s attached to the printhead substrate 301. For each nozzle 302 there is a corresponding
nozzle guard hole 331 through which the ink droplets are fired. To prevent the nozzle guard

holes 331 from becoming blocked by paper fibers or other debris, filtered air is pumped



passi ve actuator beam pair 309 is not heated, it does not expand, resulting
in a stress difference 15 between the two beam pairs. This stress
difference is partially resolved by the cantil evered end of the

el ectrot hermal bend actuator 320 bending towards the substrate 301. The

| ever arm 307 transmts this novenent to the nozzle chanber 304. The
nozzl e chamber 304 noves about two microds to the position shown in Figure
19(b). This increases the ink pressure, forcing ink 321 out of the nozzle
302, and causﬁhﬁ)ggh we ajirnidetyd il st &flibe herzippugyd holbh @umQzz in@ng. 119 3OInPhRYENt S

20 the ink megisg 3 ,om spr.ead cross the surface of the nozzle
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sense when tQeniPod Fely with the surface, and the pen is able to
sense tags atea sﬂ#??c?@%&qégﬁékto capture human handwiting (i.e. at 200

dpi or greater andWB0 ckberonb 10infamater yith b MbQEFRLhOpnCRRI MRS iBYoliher RRD 1S
ori nt or o DMLEELERDLY oy SRR abRD it el B e sepuetine Grete acibin)
page st ruct unterpreted 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 verified.
25 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 1n the vicinity of the nib. It decodes the
nearest tag and computes the position of the nib relative to the tag from the observed
perspective distortion on the imaged tag and the known geometry of the pen optics. Although
the position resolution of the tag may be low, because the tag density on the page is inversely
30 proportional to the tag size, the adjusted position resolution is quite high, exceeding the
minimuin resolution required for accurate handwriting recognition.
Pen actions relative to a netpage are captured as a series of strokes. A stroke consists

of a sequence of time-stamped pen positions on the page, initiated by a pen-down event and



The preferred enbodi nent of the netpage pen operates both as a nornmal

mar king i nk pen and as a non-nmarking stylus. The marki ng aspect, however,
is not necessary for using the 15 netpage systemas a browsing system
such as when it is used as an Internet interface. Each netpage pen is

regi stered with the netpage system and has a unique pen ID 61. Figure 23
shows the netpage pen class diagram refP&cting pen-related information
mai ntai ned by a registration server 11 on the netpage network. \Wen either
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pen has current nib 824. This is the nib last notified by the pen to the

system “Yn P e RRgG & gmenizsilyrefisefes ek phBB- pen described above, either the
mar ki ng bl ack ink Ri Lq@hcd Becaptured strokes is referred to as digital ink. Digital ink forms the

basis for the digital exchange of drawings and handwriting, for online recognition of
handwriting, and for online verification of signatures.
The pen is wireless and transmits digital ink to the netpage printer via a short-range
25  radio link. The transmitted digital ink is encrypted for privacy and security and packetized for
efficient transmission, but is always flushed on a pen-up event to ensure timely handling in the
printer.
When the pen is out-of-range of a printer it buffers digital ink in internal memory,
which has a capacity of over ten minutes of continuous handwriting. When the pen is once
30 again within range of a printer, it transfers any buffered digital ink.
A pen can be registered with any number of printers, but because all state data
resides in netpages both on paper and on the network, it is largely immaterial which printer a

pen is communicating with at any particular time.



non-marking stylus nib is current. Each pen also has a current nib style
825. This is the nib style last associated with the pen by an application,
e.g. in response to the user selecting a color froma palette. The default
nib style is the nib style associated with the current nib. 15 Strokes
captured through a pen are tagged with the current nib style. Wwen the
strokes are subsequently reproduced, they3are reproduced in the nib style
with which they are tagged. Whenever the pen is within range of a printer
with which it can cépminicdaibpditiest el ghawlasclibed Shgsatet GtdionlScown R w,
When t he penVgEllrleﬁ'i,mmt Ec%ge éroke relative to the page, it nonentarily
activates its "errort he pen succeeds in decoding a stroke
relative 201t thdﬂpagaalutnu@ﬂ&ntarily activates its "ok" LED. A seqguence
of captured strokes_is referred to as digital ink. ital ink forms the

basis for the digit ¢ EReHINGET P! eanrsite raﬁanm@rﬁoﬁmo ¢ frerg thefrsp 18hvherethe
recogniti &n @fn 1sfm§éaidetérhd1%th3aﬂfétpfa?e’ 101k | 'cE‘c?ed‘@{a 19f 4G eraaﬁ'bg'?ﬁetv%ﬁevﬁten-rhe
al

pen is wireless and transmts digi ink to the netpage print
short-range H25UsdH GFesiinkmovaeent sephswi streles. Ahedatad!ioms khei igengifyoofytipt I@dtlduclm

privacy and zﬁ&ud’ddt MsRRBtIPACKEEZ88EAT o 1&f ciete(%mf ha:ﬁ? ;Sirqawa%llog ,?0'1'“ the reiatlﬁff; or.

al ways fl ush on a pen-up event to ensure pri
When t he penP?%‘ﬂQ@mg qffthermng@atozﬁe tathemiagd erbelctbtzim;:ﬁf’ﬂt@ndibegm‘fgallatalmkm«;m;ttad to

i nt I f t f.
nter el remgn UG Nt 2Bl vt LEn ML es of contt ot

t r ansf er §0anyddoest béirhedetda@lph@d setwak 10 AhOR fnagradindBe EQYsIRIIG DY Ibradddyg3nUber
of pri nters,the]nthr i des in netpages both on paper

a SmlﬁaL{ e nalkl state data ‘rf
and on the network T kg FyleyPapsirayar 4l frgecrs grsen Fdeatlﬁeﬁlelﬁ gnearlier
communi cat i ngrokk.t thertthe @ﬂiyterpﬁﬁji hieddl@ havel (AR addresd of MeRERTHF paL SABOH PEALLOf
the pen is d]eztC ribed in greater detail in Section 6 below,” with reference
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whi ch nai nt atkesant Blemewr r espondi ng page i nstance 830. It

20 A “click™ 1s a stroke where the distance and time between the pen down position and
the subsequent pen up position are both less than some small maximum. An cbject which is
activated by a click typically requires a click to be activated, and accordingly, a longer stroke

is ignored. The failure of a pen action, such as a “sloppy” click, to register is indicated by the
lack of response from the pen’s “ok” LED.

25 There are two kinds of input elements in a netpage page description: hyperlinks and
form fields. Input through a form field can also trigger the activation of an associated
hyperlink.

1.7.1 Hypertinks
A hyperlink is a means of sending a message to a remote application, and typically

30 elicits a printed response in the netpage system.

A hyperlink element 844 identifies the application 71 which handles activation of
the hyperlink, a link ID 54 which identifies the hyperlink to the application, an “altas required”

flag which asks the system to include the user’s application alias 1D 65 in the hyperlink



then transmts 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 conpact page |ayout maintained persistently by a netpage page server
(see below). The page | ayout refers to objects such as imges, fonts and

pi eces of text, 15 typically stored el sewere on the netpage network. Wen
t he page server receives the stroke fromthe pen, it retrieves the page
descri ption taotiwhpic et hedestripakee wapil i @sed aheh detopaiines rbiredt & € bl

t he page description the.stro intersects. It is then able to interpret
the stroke i AbeeRt et hbﬁﬁow-@eﬂvlbféﬂ?ﬁe ERENT Clag) Wigae sehetiein ke 2A
"click" is a strokewwhes @ypdignidissicanass andpid-nBrREtNRER LHRPRN MM cation
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failure of a pen action, such as a "sloppy"” clic to regi st I cated
by the | ack 8&fcral 8ggsaike 863, Gt hpeqhoks 805! oid'seleBin 13HerFhler ¥4 arsshowmo inkffipds  of
i nput el enengg A . , ription: hyperlinks and formfi.elds.

| nput through a ?%:%ha}"f' %%ﬁg&ggﬁgg}f@ggﬁﬁrg uée%r}\%%%g% 0% nimf)a{ril Oh Ay SRS et ed
hyper|ink. 1apreferpigpér & barks. A fhypleypeitink silsmis e ansespénds@Ndini @o theRPsicage. t O

a renote appl,i ion, and typi. I 30 elicits a printed sponse in the
net page syst é‘n%%% t'%&gg?ﬁhfﬂﬁﬁl}%‘éﬁé%%@ﬂhs‘%‘fgﬁli & ﬁh‘éggﬂlﬁ@tl%ﬂ{ tg%&‘t“?“"(ﬂlﬁ Sepectighi ch
handl es 46t i vatdion ehglethved biepest terk fotedatiple, kD HAlWROE Mndydentd biesidhee
hyperlink to,the ap l.ication, an "alias required” flag which asks the
system to i ndfUBEEEE B vad's geniea eTiBp Beicqaterion gdisht ppRsaly pet Fatslation 4.

activation, afdaadidese lapkha@8 BEIKCHyPeRintS §de W &RakErifY PSS WK idfSmis69rided
as a favorite or appears. in the user's history. The hypéerlink el enent
class di agr aPrétedfiols 2pricliur e 29. When a hyperlink is activated, the

page server sends apf8fHESIndk@ H3PerBRPlLGAL QP rec%%%\'\ﬁéﬁga%ti%pﬂ% be w@?clh\@gﬁ Ke
The appllgatlon_ is identified by an application ID 64, and the
appl i cat { dn PErifis to the pragdustinge ohevhindrthe hypsejpkvindarch epiS, THhearsactioe ID ke
types of hyparlipnkssr.9&96r @k NYREL L kc% 863, form.hyperlinks 865, .and..
sel ection hyperlinks gGh, asasﬁo% a})ﬁh f‘%‘hr%’f CXYIPIR TG eMEPRPE K f PRI
i npl enent  a Medeass mafndaine Yyianpoedadnrappiiottion on beleyf Siclplss. si gnal  a
preference to a seryer, A form hyperlink submts 1he corresponding formto
the application. liA-hesé LR e§/pt§? IHAR Stisi £eeqtior 40 et g’gﬁéf‘%t Bl
t he appl i catacovatioh.f Thehgsenr nelnldesS@t @6htbMNof the associated form instance 868 in a form
20 hyperlink activation, although if the hyperlink has its “submit delta” attribute set, only input
since the last form submission is included. The system includes an effective return path in all
hyperlink activations.
A hyperlinked group 866 is a group element 838 which has an associated hyperlink,
as shown in Figure 31. When input oceurs through any field element in the group, the
25 hyperlink 844 associated with the group is activated. A hyperlinked group can be used to
associate hyperlink behavior with a field such as a checkbox. It can also be used, in
conjunction with the “submit delta” attribute of a form hyperlink, to provide continuous input
to an application. It can therefore be used to support a “blackboard” interaction model, i.e.
where input is captured and therefore shared as soon as it oceurs.
30 172 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 parameters to an

application software program running on a server.



10 contains a single-word piece of text, for exanple, the application may
return a single-page docunent giving the word' s neaning within the context
in which it appears, or a translation into a different |anguage. Each
hyperlink type is characterized by what information is submtted to the
application. The correspondi ng hyperlink instance 862 records a transaction
| D 55 which can be 15 specific to the pagé-i nstance on which the hyperlink
i nstance appears. The transaction ID can identify user-specific data to
the application, fok {enastplie: golskoppitRgs Gatht doRinepenNEdhRGy. IPUISRRERSntains

mai ntai ned b rcha iéﬁﬁiéppllcatlon on behalf of the user. The system

a
i ncl udes t he%ﬁéh‘yfg‘e%? BNEK F&h A8 5w instaice S0 stesanthy pericr fpstance of a

activation. The, syshem bncluges.th t gl nce
868 in a form 20 hyperli nke act? vatﬁsltagérai(Q ggpﬁvﬁg{ﬁlg&hﬁsﬁﬁﬁ%cﬂhsgg@ eﬁé?ﬁéﬁhagg%to@

"submit del t & fai. FHephfield dustancabasyniasyaiatedivaiye 87 heviicas typ dtmléﬂxbnﬁhs siporfi s
i ncl uded. 5Th%e%§kﬁghdi%|f'glgee§u@t g%a Bl &inle el e%E tthroglgg a partic ﬁl% rth&
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field el ement; gk'% syhe group, the 25 hyperlink 844 associated with the group
is activated. hyperl i nked group can be used to associate hyperlink
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therefore shared as soon as it occurs. 30 1.7.2 Forns form defines a
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printed netpages. z f1‘orm cl ass di ag%{%rrél s. shown in g[ure 32, Each form
i nstance has a st atfd ‘872 "RHPEHSi 3ieh° b et e At Ffémf‘ﬁ? ors dgped Jiom 1ty

thus providing a version history. This allows all but the latest version of a form in a particular

20 time period to be excluded from a search.

All input is captured as digital ink. Digital ink 873 consists of a set of timestamped
stroke groups 874, each of which consists of a set of styled strokes 875. Each stroke consists of
a set of timestamped pen positions 876, each of which also includes pen orientation and nib
force. The digital ink class diagram is shown in Figure 33.

25 A field element 845 can be a checkbox field 877, a text field 878, a drawing field
879, or a signature field 880. The field element class diagram is shown in Figure 34. Any
digttal ink captured in a field’s zone 58 is assigned to the field.

A checkbox field has an associated boolean value 881, as shown in Figure 35. Any
mark (a tick, a cross, a stroke, a fill zigzag, etc.) captured in a checkbox field’s zone causes a

30  true value to be assigned to the field’s value.

A text field has an associated text value 882, as shown in Figure 36. Any digital ink
captured in a text field’s zone is automatically converted to text via online handwriting

recognition, and the text is assigned to the field’s value. Online handwriting recognition is



frozen, submtted, void or expired. Aformis active when first printed. A
form becones frozen 10 once it is signed. A form becones submtted once
one of its subm ssion hyperlinks has been activated, unless the hyperlink
has its "submt delta” attribute set. A form becones void when the user
invokes a void form reset formor duplicate form page command. A form
expires when the tine the form has been-&6tive exceeds the fornis
specified lifetine. Wiile the form is active, forminput is allowed. |nput
t hrough a f omweilwhilghtodd(semtforasimple Tappirnst aatt. saptabd FdwiaRahkb, the Baekomeund

field 833 of ,the releva a i nstance. . the formis active or frozen,
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to be assigned to the field s value. A text field has an associ ated text

val ue 882, a%‘f’%ﬁ%‘?‘ﬁﬁ“?eﬁ' Figure 36. Any digital ink captured in a text
field s zone is auhome Lic@bdeYs GOMMET 84 idRt z«ﬁ?“lfbg ::]':?‘se?.nA Pﬂge@?%}ggﬁt%es

recognitisgn, and the text is assigned to the s val ue.
g @

handwri t EEYGHAR PRI ZoBe 016 Pagreiid dngel evistcoad iffsibd} cdrolaveea mpdoeiated difpfier t
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Handwriting Recognition”, ransactions on
Machi ne | ntel | i gendalitings| coh@parie. 8ich Aasgetsike-198Ghs tihdicaaapt dt®dnotanMaise bear e

herein inc Lal £ Leoss-reference). 5 A signature field has an
associ at ed 3§°§gt‘g‘f‘ﬁ§if§%a‘ed§3e val ue 883, as shown in Figure 37. Any digital

ink captured in a Béicguttbe farfdweitidy Seca@ii€or Slg@Uh@nBdke eddipieVvalel fvitBdedthd
respect 49 t}gehae |rg%nt ﬁ% of the owner, of the pen, and a digital si _%at ure
of the &ont &idvgmicRa PRR Blf)vmné)hrat er than “offfine” (i.e. with access only to a bitmap of
pen markings), it can recognize run-on discretely~written characters with relatively high
accuracy, without a writer-dependent training phase. A writer-dependent model of handwriting
is automatically generated over time, however, and can be generated up-front if necessary,
Digttal ink, as already stated, consists of a sequence of strokes. Any stroke which
25 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.
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

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

Table 2 summarises these various pen interactions with a netpage.

Table 2 - Summary of pen interactions with a netpage



the field is part is generated and assigned to the field s value. The
digital signature is generated using the pen user's private signature key
specific to the application which owns the form 10 Online signature
verification is well-understood (see, for exanple, Planondon, R and G
Lorette, "Automatic Signature Verification and Witer ldentification - The
State of the Art", Pattern Recognition,-¥él-.22, No.2, 1989, the contents
of which are herein incorporated by cross-reference). Afield elenent is
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The raw digital ink captured in every field is retained on the netpage page server and
is optionally transmitted with the form data when the form is 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 ai the application level for forms which fail certain application-specific
10 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 885)
the page instance 830 to which the page ID 50 in the stroke refers; retrieving (at 886) the page
description 5; identifying {at 887) a formatted element 839 whose zone S8 the stroke
intersects; determining (at 888) whether the formatted element corresponds to a field element,

20 and if so appending (at 892) the received stroke to the digital ink of the field value 871,

interpreting (at 893) the accumulated digital ink of the field, and determining (at 894) whether



Drawing igital ink Assign digital ink to field Signature Signature Verify
digital ink signature; generate digital signature of form assign digital
signature to field one ircunscription Assign digital ink to current

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

sel ection consists sinply of the nost recent stroke captured in the
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20 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 form
command 909, a reset form command 910, a get form status command 911, a duplicate page
25  command 912, a reset page command 913, a get page status command 914, a duplicate
document command 915, a reset document comraand 916, or a get document status command
917, as shown in Figure 39,
A void form command voids the corresponding form instance. A duplicate form
command voids the corresponding form instance and then produces an active printed copy of
30  the current form instance with field values preserved. The copy contains the same hyperlink
transaction IDs as the original, and so is indistinguishable from the original to an application.
A reset form command voids the corresponding form instance and then produces an active

printed copy of the form instance with field values discarded. A get form status command



where the accunul ated digital ink of a field is interpreted according to
the type of the field. The process consists of determning (at 896)
whether the field is a checkbox and (at 897) 10 whether the digital ink
represents a checkmark, and if so assigning (at 898) a true value to the
field value; alternatively determning (at 899) whether the field is a text
field and if so converting (at 900) the-@dBgital ink to conputer text, with
the help of the appropriate registration server, and assigning (at 901)

the convert egraionpuit griniddescport an thesthiuglod vabdis onathg%rm@ﬁdsté%bé( &%Rﬁzﬁgﬂyﬂb ng
(at 902) V\heth@ ht’.ﬂe field is a signature fleldpand if so verify qw (at 15
903) the di gPYAIN ik WEnThEaSPEHet dtreim dthgaspaintes. ewhie o ﬁthtu’é hé by of
t he appropri ats&ncd €gi stration server, creating (at 904) a digital signature
of the contents of the corresponding form also with the help of the
registration serverSiad fosy hlgﬂetlhlé ipgCcoRdFnSa prisedion 1B @nap&ircetlorklw to be

r_el f'i“ ng Ko HREIVER T 4 $RAARH l%lrt Clﬁgtdr%g {t }:}Htggs% &ntl Ve?z‘;[fv orm m%‘anc%\ f)age

digital signature to the
server commﬁ@rqueéfp@emmbiwmcdhsasmmmdﬂ ed IocaIIy by t he page server.
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printed copy of the forminstance I'ues “ai scar
status cbimeedtain@or isprvdiices a pr| nt ed report on the status of the

correspondi ng for m_r%{hgéga g d| ng 6Publ ished it, when it

. )
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i nst ance. Sidopkcag ;fagcetmhwerl i nk i nstance contains a transaction |D, the

application has tog}% 5 i nvoI ved. i Produm ng. a, new forminstance.
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as a hyper| ipaikted in their native form, i.e. a checkmark appears as a standard checkmark graphic, and
20 text appears as typeset text. Only drawings and signatures appear in their original form, with a

signature accompanied by a standard graphic indicating successful signature verification.

A duplicate document command produces a printed copy of the corresponding
document instance with background field values preserved. If the documient contains any
forms, then the duplicate document command duplicates the forms in the same way a duplicate

25 form command does. A reset document command produces a printed copy of the
corresponding document instance with background field values discarded. If the document
contains any forms, then the reset document command resets the forms in the same way a reset
form command does. A get document status command produces a printed report on the status
of the corresponding document instance, including who published it, when it was printed, for

30  whom it was printed, and the status of any forms it contains.

If the page server command’s “on selected” atiribute is set, then the command
operates on the page identified by the pen’s current selection rather than on the page

contaming the command. This allows 2 menu of page server commands to be printed. If the



A duplicate page conmand produces a printed copy of the correspondi ng page
instance with the background field value preserved. If the page contains a
formor is part of a form then the duplicate page conmand is interpreted
as a duplicate formcomand. A reset 10 page conmand produces a printed
copy of the correspondi ng page instance with the background field value
di scarded. |If the page contains a formor3Ds part of a form then the
reset page command is interpreted as a reset formconmand. A get page
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with the hyperlinked: geRtid Eabdiahedth@P nB¥ 8L YhinRY hhNe siRAYSuBET MBLIIaCHERAd.

20 When pressed it elicits a single page of information, including:

. status of printer connection
. status of printer consumables
. top-level help menu
. document function menu
25 top-level netpage network directory

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

The document function menu includes the following functions:

. print a copy of a document
. print a clean copy of a form
30 print the status of a document

A document function is initiated by simply pressing the button and then touching
any page of the document. The status of a document indicates who published it and when, to

whom it was delivered, and to whom and when it was subsequently submitted as a form.



A page server command elenment is hidden if its "hidden" attribute is set. A
hi dden command el enent does not have an i nput zone on a page and so cannot
be activated directly by a user. It can, however, be activated via a page
server command enbedded in a different page, if that page server commuand
has its "on selected" attribute set. 10 1 ﬁ STANDARD FEATURES OF NETPAGES
In the preferred form each netpage is pfp ted with the netpage |ogo at the
bottomto indicate that it is a netpage and therefore has interactive
properties. The | ogdaldereaciedval dirccimpyallpus tton userntonpstistashs hyraeki g
the | 090 Progusiaschs ORY%eloe! B (RAAGyoLN NG AREAL B ulPTM AN BLHLLRD

produces a copy of the entire form And in the case of a secure
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advertising content is personalized according to the reader’s locality and demographic.
2.1 EDITORIAL PERSONALIZATION

A subscriber can draw on two kinds of news sources: those that deliver news
publications, and those that deliver news streams. While news publications are aggregated and

20  edited by the publisher, news streams are aggregated either by a news publisher or by a
specialized news aggregator. News publications typically correspond to traditional newspapers
and newsmagazines, while news streams can be many and varied: a “raw” news feed from a
news service, a cartoon sirip, a freelance writer’s column, a friend’s bulletin board, or the
reader’s own e-mail.

25 The netpage publication server supports the publication of edited news publications
as well as the aggregation of multiple news streams. By handling the aggregation and hence
the formaiting of news streams selected directly by the reader, the server is able to place
advertising on pages over which it otherwise has no editorial control.

The subscriber builds a daily newspaper by selecting one or more contributing news

30  publications, and creating a personalized version of each. The resulting daily editions are
printed and bound together into a single newspaper. The various members of a houschold
typically express their different interests and tastes by selecting different daily publications

and then customizing them.



5 publisher or the user pays the small "yell ow pages" service fee. The help
page is obviously unavailable if the printer is unable to print. In this
case the "error” light is |it and the user can request renote diaghosis
over the network. 2 PERSONALI ZED PUBLI CATI ON MODEL In the follow ng
description, news is used as a canonical publication exanple to 10
illustrate personalization mechanisns in- BHe net page system Al t hough news
is often used in the limted sense of newspaper and newsnagazi ne news, the
i nt ended scope in tmmepﬁa&éﬁhMomahéemﬁmh@ﬁmmM§memhmsﬁhﬁhne&pagekﬁyﬁkanmsthe

editorial content dvertising . coptent of a news bI|c tion are
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according to EHESeaddrsEiingal Tenelpey”dendSaphi ¢ The sqt phRTRIRPIA sections is
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"raw' news f d{ng (ﬁ ! service, a cartoon strip, a freelance witer's
buiPalE

colum, a frlen h board, or the reader's own e-nail. 25 The
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publ i cations S | | '&ﬂ tlon of multiple news streans,

handl i ng t hesfgégwmﬁa?i Bne d”ﬁ Hé‘ (Reit Wﬁtttowgnwaﬁé\ﬁga%ﬁﬁ)r anghike %féll%%t ed
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over which it otherw se has no editorial control. The subscriber builds a

dai |y newspa J&rasEPeCENaEYi ng one or nore contributing news 30
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daily editions are printed and bound togeth Into a single newspaper. The
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reader optionally selects specific
sections. Sone sectnerislapgedso aititen (whidited)on héfesenapqmam toveekdhythe edpectethi | y

sections aval bl dy Qe MevYorie, TS nl Doy LOL PR Sl S 1S
appropriate version is seiected accordmg to the reader’s age. The reader can specify a “reading
20 age” which takes precedence over their biological age.
The articles which make up each section are selected and prioritized by the editors,
and each is assigned a useful lifetime. By default they are delivered to all relevant subscribers,
in priority order, subject to space constraints in the subscribers’ editions.
In sections where it is appropriate, the reader may optionally enable collaborative
25 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 considered
30  essential reading by the editors and are delivered to most relevant subscribers.
The reader optionally specifies a serendipity factor, either qualitatively (e.g. do or

don’t surprise me), or numerically. A high serendipity factor lowers the threshold used for

matching during collaborative filtering. A high factor makes it more likely that the



"Busi ness", "Arts/Living", "Technol ogy", and "Sports". The set of available
sections is 5 specific to a publication, as is the default subset. The
reader can extend the daily newspaper by creating custom sections, each one
drawi ng on any nunber of news streanms. Custom sections might be created for
e-mail and friends' announcenents ("Personal"), or for nonitoring news
feeds for specific topics ("Alerts" or *8Bi-ppings"). 10 For each section,
the reader optionally specifies its size, either qualitatively (e.g.
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20 2.2 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 to attract large numbers of

25 readers with the right demographics.

Effective advertising is placed on the basis of locality and demographics. Locality
determines proximity to particular services, retailers etc., and particular interests and concerns
associated with the local community and environment. Demographics determine general
interests and preoccupations as well as likely spending patterns.

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

In the netpage system, the netpage publication server computes the approximate



The reader also optionally specifies topics of particular interest wwthin a
section, and this nodifies the priorities assigned by the editors. 5 The
speed of the reader's Internet connection affects the quality at which

i mges can be delivered. The reader optionally specifies a preference for
fewer inmages or smaller images or both. If the nunber or size of inmages is
not reduced, then inages may be delivered3dt- |lower quality (i.e. at |ower
resolution or with greater conpression). At a global |evel, the reader
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cover age, thewsnaie. dfhid tnskey ¢adRES Noft;efiettver 6@ dpHIRREs AONBGI apil Glverfififly t he
page area avail abl e vertisin I n the netpage s%stenl_the net page

publ i cati on asgérre\%tlf’rsctﬁ}%{)fﬂagléecflﬁéa%fb‘%'rWF‘H&P% Even_thoiph the &FIYFéTr‘I%‘i‘%)ﬁ%‘iregélfogés of
a publicati omkifig Sapepdtien afv@retiskigheveRAC ButIRhds RO~ BRE tHeOfhaR@S b fit-neutral
20  because of the greater efficiency of aggregation. The advertising aggregator acts as an
intermediary between advertisers and publishers, and may place the same advertisement in
multiple publications.
It is worth noting that ad placement in a netpage publication can be more complex
than ad placement in the publication’s traditional counterpart, because the publication’s
25  advertising space is more complex. While ignoring the full complexities of negotiations
between advertisers, advertising aggregators and publishers, the preferred form of the netpage
system provides some automated support for these negotiations, including support for
automated auctions of adverfising space. Automation is particularly desirable for the
placement of advertisements which generate small amounts of income, such as small or highly
30  localized advertisements.
Once placement has been negotiated, the aggregator captures and edits the
advertisement and records it on a netpage ad server. Correspondingly, the publisher records the

ad placement on the relevant netpage publication server. When the netpage publication server



taking into account the publication's geographic coverage, the section's
readership, the size of each reader's section edition, each reader's
advertising proportion, and each reader's denographic. 5 In conparison

wi th other nedia, the netpage systemallows the advertising space to be
defined in greater detail, and allows smaller pieces of it to be sold
separately. It therefore allows it to be38old at closer to its true val ue.
For exanple, the sanme advertising "slot" can be sold in varying proportions
to several agsemunt 'mhn&;r swpdrdoniliveld yuelitalion, eagieksSthe pagest aanraoahyntt Gosl thkng
t he advertlsenent 10 one advertiser or another, overall preserving the
proporti on of “$pEE S?B?d to each advertiser. The netpage system al | ows
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advertising space is nore conplex. Wiile ignoring the full conplexities of

negoti ations bet weéncd@huptives ﬁ@“gdﬁ%@&%ﬁ@ﬁﬁ@fﬁggﬁ@gﬁﬁ@ﬂ§3%ﬁﬁ“ﬂﬂ%ﬁﬁ@ﬁéwg
the preferregdorm of ufehenelPage 4ip¥she %695 ovidess ngmg@?ugé@ése Qs Sf#@lﬂf?ﬁ t

for these_negotiations, including support for autonate I ons
advertisiffg @9&@@UMAUF@nﬁﬁWn@hﬂ@ﬂ@amﬂmmukauivdesumabhegkomHﬂNQRWpﬁawemBnt

of adverti SEER %né@HéxﬁiEmgfe érg} ngarﬁggﬂr Lﬁ)rl‘rgelf{{% Sth% %r@ctowgefeas%gsc thasitsi mor or

highly 30 Ioca dcelen been” negot i at ed,
t he aggr egat@rctsalpp mraaﬁalaadelmcht¢ sectdndor @dvgmﬁlm&mmeﬁieream tikele c@be motd ovarlam
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server -35- different publications; and a publication is likely to want to present its users’ collaborative
20 filtering vectors as part of the value of its brand, not to be found elsewhere. Collaborative
filtering vectors are therefore also maintained by the relevant netpage publication server.

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

Presentation preferences, including those for quantities, dates and times, are likewise

25  global and maintained in the same way.

The localization of advertising relies on the locality indicated in the user’s contact
details, while the targeting of advertising relies on personal information such as date of birth,
gender, marital status, income, profession, education, or qualitative derivatives such as age
range and income range.

30 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.



| ays out each user's personalized publication, it picks the rel evant
advertisenents fromthe netpage ad server. 2.3 USER PROFILES 2.3.1
Information Filtering 5 The personalization of news and other publications
relies on an assortment of user- specific profile information, including:
publication custom zations collaborative filtering vectors cont act
details 10 presentation preferences The-8fstomni zation of a publication is
typically publication-specific, and so the custom zation information is
mai nt ai ned by the rigckewant paetppage, Ppbtdioatpromdes any applichi@]sl abgikeat itsvewn
filtering vector consists of the user's ratings of a nunber of news itens.
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particular netpage registration server, via the DNS in the usual way.

A Web terminal 809 can be authorized to print on a particular netpage printer,
allowing Web pages and netpage documents encountered during Web browsing to be

20 conveniently printed on the nearest netpage printer.

The netpage system can collect, on behalf of a printer provider, fees and
comimissions on income earned through publications printed on the provider’s printers. Such
income can include advertising fees, click-through fees, e-commerce commissions, and
transaction fees. If the printer is owned by the user, then the user is the printer provider.

25 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, containing the user’s encoded
signature 818, fingerprint 819 etc; a handwriting model 819 automatically maintained by the

30  system; and SET payment card accounis 821 with which e-commerce payments can be made.

2.3.2 Favorites List
A netpage user can maintain a list 922 of “favorites”™ - links to useful documents etc.

on the netpage network. The list is maintained by the system on the user’s behalf. It is



-36- Each user, pen, printer, application provider and application is
assigned its own unique identifier, and the netpage registration server

mai ntai ns the rel ati onshi ps between them as shown in Figures 21, 22, 23
and 24. For registration purposes, a publisher is a special kind of
application provider, and a publication is_a special kind of application. 5
Each user 800 may be authorized to use an§7nunber of printers 802, and each
printer nmay allow any nunber of users to use it. Each user has a single
def aul t pri ntesgan{zad a6 hierarchywifi follersg@n | o dicGatredpubbdidiatiit e sviadhels dadrver eéd by
defaul t, whilg int on demand are delivered to the printer

t hr ough mhlchz%%&%%%%upf urle%?eractlng The server keeps track of which
publ i shers &.A%er Hamraliishori zed to prlnt to the user's default printer. A

publ i sher does not ecord the ID 10 of éﬁﬁartlcular printer, but instead
resol ves the | D whel™i¥sFe PEHAM édﬂst%éﬁt Qb Fack ey Pebald pgining bnks to

publicati dn B0dimehRestdubldsbar, BOQsd itBugPRPR e HaLd Sfterd [ONI (Q@Eﬁnz@@ 3} 2l Bite-
authorized to print to a specified printer or the user's default printer.

This aut hor i%5tsddit & arsigsed eabedimantaf whish it shaen fythe plassubagram Palipurgdar nay

have several spens Q% QT PadeaySysSPecific to a single user. If a user
is authorized to use a particular printer, then that 15 printer recognizes

any of the user's pésusiciriae pperralia B@wa@mmwlbfcaVe ouhéaecmgr:sesf)@mii mgrsser
profile main @}g@p@ﬁzéaxgu liggB1 bh 6480 NELPAGE LLE9 SLLALL 9N EF s Rons e At e

DNS in the u term na can b aueho?
particul 40 nérpag erertionmt“‘ed rectaagfbs;\thea gle\m:h:e@agéﬁ pagechefiet pagemdm: tonednt. S

encount ered during b 0 be .20 c nvenle tl rinted. on the
near est netpage pr i@?é Vertﬁ‘\g rﬁg? Eégaese%tﬁf’éitcé% € AANES I"@ﬁ“t ‘Bﬂ%}ﬁ VB afi"‘fff’sﬁg

printer proviaties en frﬁlﬁ&dlﬁnﬁageﬁ ONMinStHE ftSioN Nnd NEORE 193 Ebritith QUEBits this. The
publ i cations ted 0 ngrOV|der s printers. Such I nconme can include

adverti sing ?g@g?mdff @W”WEé%COEmyﬁﬁﬁﬁﬂééwéﬁﬁWW§%@@%é&mﬁﬁ@gCm“m“

transaction £&eSs plhdind zi't@ R TSR mdtSriPWREHic DY, 8 URSublidBER béc@@se WeLkpccsy t he
printer 9 ovider. 25 Each user al so has a netpage account 820 which is used

to accumiPat Eahieqnslogepiurss!t rapfipecersibt s (such as those described in the
precedi ng paragr aphhe &R AGhedEl R led f(ﬁ‘]tge u§ep(i+cl‘l'lg‘ ﬂ;gtex%%smglq ﬁ%’ﬁg <208

t el ephone nunbers; gl obal preferences 81 I nc privacy, deli ery and
Iocal|zat|ongéﬁﬁﬁlﬁggﬂhaﬁywnnwb@ngbhmbpmnemhﬂw1n@sords 817, containing the

user's encoded si g f. int,8 e nd n el . 819
automati cal ly nmai nt g‘?tﬁ}eﬁcfgﬁ&%ﬁs "5306 @F’g he Seleotl %E‘fdspgndrqrg’ﬁt S\A@eﬁgrl%f] g%:rc%%n’ta%
821 wi t h whi®htcet mmmmceltqda}ymem @yomrhabeomva@ed, to ﬁteaapZ tdravercldsels atlisk the

net page er t 92 "favorit - linpks to, usef
do Cgmgan ¢ %@e tusgr S stzﬂa ci secfa 10n sxze pre erence. %he section size pre erence can, however, be matcHed OH

average over time, allowing significant day-to-day variations.
2.5 DOCUMENT FORMAT

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

25 The primary efficiency mechanism is the separation of information specific to a
single user’s edition and information shared between multiple users’ editions. The specific
information consists of the page layout. The shared information consists of the objects to
which the page layout refers, including images, graphics, and pieces of text.

A text object containg fully-formatted text represented in the Extensible Markup

30 Language (XML) using the Extensible Stylesheet Language (XSL). XSL provides precise
confrol over text formatting independently of the region into which the text is being set, which
in this case 1s being provided by the layout. The text object contains embedded language codes

to cnable automatic translation, and embedded hyphenation hints to aid with paragraph



on the netpage network. The list is maintained by the systemon the user's
behalf. It is -37- organized as a hierarchy of folders 924, a preferred
enbodi ment of which is shown in the class diagramin Figure 41. 2.3.3

Hi story List The systemnaintains a history list 929 on each user's behalf,
containing links to 5 docunents etc. accessed by the user through the

net page system It is organized as a date38ordered list, a preferred

enbodi ment of which is shown in the class diagramin Figure 42. 2.4

| NTELLI GENT BAGEURAYOUT The netpage publication server automatically |ays

out the pages of e user ' s ersonal i zed . pybl j I on
section-by-sectionqﬁggﬁgg()‘ﬁ%gmﬁégfmdggé?Pfggﬁkﬁiibﬁﬁéw?ﬁgfhgmjf@m?%$ﬁ?of
pre- f or mat t ednagechamgl 4rathieybjan engldecediographie ipagaahefveter thanediEos) al
content. The advgrtising ratio for a section can be achieved with wildly
varying advert!{8ing ratios on individual pages within the section, and the
ad | ayout Sal gori t hriheXplogi fiselft dnSists Dhe seAds0OT phddM iinsg A LigMi@duitas atieapt
to co-locate closely tied editorial and advertising content, stch as
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i mges and Bicaphtremct fogmatgeitpbledbreffeientdostodrtpmand woreger | ous aest heti ¢
rules. The entire process, including the selection of ads and the selection
of editorial content, nust be iterated once the | ayout has converged, to

attenpt {8 nBbalde 3} netphge laphitebipetshe 20 user's stated section size
o nr.eferenc can however be mat ched on

pr ef erence. [Fhe—secttoRr—Si2 ef-erencp—can,—howeve ,

aver age over tFﬁ%?ﬁalIomﬁnd“?ﬁ@HFficant dEQQ?%Jﬁay variations. 2.5 DOCUVENT
FORMAT Once ft hebplocunent is laid out, |tihgedsstgaded for efficient

di stribution—and-perslistent storage.oh the netpage network. 25 The primary
ef ficiency TE¥8ani sm [f S14%Re separationiof informatijon specific to a single
user's editijon and i nfRLERLARSared ‘dgwaouuﬁtiple users' editions. The
specific information consists of the page [ayout. {The shared information
consi sts of [@hphiobj egbssitio  whi ch the page I ayout rfefers, including i mages,

graphi cs, and pieces G%wge*Fr—ﬁEfe*L—egg%ep—egnkapns fully-formatted text
represented|in the EXUEREFBPENEr kup Language (XM.) using the

Ext ensi bl e HerifshcetTdamauage ( XSL) . [XSLprovides|preci se control over
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2.6 DOCUMENT DISTRIBUTION
As described above, for purposes of efficient distribution and persistent storage on
the netpage network, a user-specific page layout is separated from the shared objects to which
15  itrefers.
When a subscribed publication is ready to be distributed, the netpage publication

server allocates, with the help of the netpage ID server 12, a unique ID for each page, page



in this case is being provided by the | ayout. The text object contains
enbedded | anguage codes to enable automatic translation, and enbedded
hyphenati on hints to aid with paragraph -38- formatting. An inmage object
encodes an inmage in the JPEG 2000 wavel et - based conpressed image format. A
gr aphi c object encodes a 2D graphic in Scal able Vector G aphics (SVG
format. 5 The layout itself consists of a38eries of placed i mage and
graphi c objects, linked textflow objects through which text objects flow,
hyper | i nks amgtanppdbcunicel, dsd dsudesdtstdaed above, and wat ermark regi ons.
These | ayout object.s are sunmarized in Table 3. The | ayout uses conpact

format suitable for &Il eHEPUES &SP HuPligHEed suPSts i difeshareg oqufpiteng creates a

net page | ayoutulthjietimeloyauk sl induked thaleB®H usefspeOl 8GbuilvikROn SRk 8Cthe
mage Position _|mge object 1D JPEG 2000 G aphic Position G aphic object

ID SVG ext f FBW@stthpaits) wiich y8hearyyt the aared esntengspasichy e Txraut Xiie serigpieni nk
type - Zome ABRIch&RLAcRMsdrd1a@biG to habli&hd phi¥RE vin AEAM Diate pa@DErALEH TR
Zone 2.6 IVENT DI STRI BUTI'ON descrlgeﬁ above,aﬁéﬁ pufb%ses of
efficient di Seriobieasone arrompéets inytienasts sheoshagd wontent tre theeppatiel ety I ftea
sser Spec | SRR il S-SPURIeL e M8 SURLSH PELECk Bk, 0l 10
net page publ smatfiedm the page layouts. During the multicasts, each page server and printer extracts from

the multicast streams those objects referred to by its page layouts. The page servers

10 persistently archive the received page layouts and shared content.

Once a printer has received all the objects to which its page layouts refer, the printer
re-creates the fully-populated layout and then rasterizes and prints it.

Under normal circumstances, the printer prints pages faster than they can be
delivered. Assuming a quarter of each page is covered with images, the average page has a size

15 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.

Even under abnormal circumstances, such as when the printer runs out of paper, it is

20 likely that the user will be able to replenish the paper supply before the printet’s 100-page
internal storage capacity is exhausted.

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

23  received or a timeout occurs, the server re-multicasts the corresponding shared objects,
Once a document is printed, a printer can produce an exact duplicate at any time by
relrieving its page layouts and contents from the relevant page server.
2.7 ON-DEMAND DOCUMENTS
When a netpage document is requested on demand, it can be personalized and
30  delivered in much the same way as a periodical. However, since there is no shared content,
delivery is made directly to the requesting printer without the use of multicast.
When a non-netpage document is requested on demand, it is not personalized, and it

is delivered via a designated netpage formatting server which reformats it as a netpage



server allocates, with the help of the netpage ID server 12, a unique |ID
for each page, page -39- instance, docunent, and docunent instance. The
server conmputes a set of optim zed subsets of the shared content and
creates a nulticast channel for each subset, and then tags each
user-specific layout with the nanmes of the_nulticast channels which wll
carry the shared content used by that Iay(‘}Qt'. The server then 5 pointcasts
each user's layouts to that user's printer via the appropriate page server,
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the requgsting pri p&b@i@k\é\gf tc%'rbtgratpﬁﬁ M?oere%rreréuéot gscz%ﬁztnmetric cryptography, uses two

encryption keys. The two keys are mathematically related in such a way that any message

encrypted using one key can only be decrypted using the other key. One of these keys is then

published, while the other is kept private. The public key is used to encrypt any message

intended for the holder of the private key. Once encrypted using the public key, a message can

25  only be decrypted using the private key. Thus two parties can securely exchange messages

without first having to exchange a secret key. To ensure that the private key is secure, it is
normal for the holder of the private key to generate the key pair.

Public-key cryptography can be used to create a digital signature. The holder of the

private key can create a known hash of a message and then encrypt the hash using the private

30 key. Anyone can then verify that the encrypted hash constitutes the “signature” of the holder of

the private key with respect to that particular message by decrypting the encrypted hash using

the public key and verifying the hash against the message. If the signature is appended to the

message, then the recipient of the message can verify both that the message is genuine and that



When a non-net page docunent is requested on demand, it is not personalized,
and it is delivered via a designated netpage formatti ng server which
reformats it as a netpage -40- docunent. A netpage formatting server is a
speci al instance of a netpage publication server. The netpage formatting
server has know edge of various Internet docunent formats, including
Adobe' s Portabl e Docunent Format (PDF), aftl-Hypertext Nhrkup Language
(HTML). In the case of HTM,, it can make use of the higher resolution of
the printed pagend beqoragisiediin thdlit.5 pages in a multi-colum format, with a

tabl e of contents an t mat i cal I inclu es d| rectl
linked to the requelé’trgzg(e’d’#gﬁ FhEYRIeE? k@’a‘f‘i‘:’riﬁjg‘er‘“’tafﬂf’ ?V\g%h&@i/g digiripuig public
preference. kebheviiel pagats @fpeRbidios BIRE KehorMBie Sokt RRgdaldinalpage hahavd or,
including interactivity and persistence, available on any Internet

docunent, no4ieities- %%E‘ﬁ?af"sa%‘ﬂqrﬁi’ i nfdstec Girdperty phichjaadsnticasathedigancgtion
differ ent 5dogdienta f)tﬁﬂlg%ﬁ Ia?cl(i oM RALA 13&21;)(2?519 @&ﬁﬁ@a‘ié mtﬁgrltgr\l’gﬂﬁéthé H]grwbs

net page page server des know edg t he net page system f
servers. 3 SEEWR Py examhitgRYPTOGRAPHNCNT; yapd dgmaphates sndusiets ¢ digiebtetficate

sensitive 'né PR B p KT BB AAAC ANT D (LR Ly WRNTLQ AULOERLICAL e

parties to a transaction ere asses of P ypt ography i A
wi despr ead u&dlorlgecarlemseHEquMyzp{eegn alprhgertaﬂfuitepwblh b Gridheyegedeyqt @etiaghtiat if ke

net page networ es S f, cr o) hy. i}gcret- .
crypt ogr aphy‘genmlnglc')ﬁl FEAY r&avaﬁ? BCrgg%}éi/? \P/ﬁit?agr}’f}gf“giﬁd ﬁ'&?lg‘ﬂéggy th gerdfispts
key to eh@r ypthoaindwileerpyplic leynessageownWo parties wishing to exchange
nmessages nust flrsi arran?e to securely exchange the secret key.

Publ i c-key crypt ograpRyf, TaaFacHon sRdfopEgnte.gpublc éeyﬁ%@@sﬁaehbersy%ﬂww&ﬁwmeses

. two encryptdigit kRystured BRI t0VeckRYSexdhfhgBRENENREJiGAKY. §&Iaked chatehy & way
that any message encrypted using one key can only be decrypted using the

ot her key. Gi 5 2l plbgP RS- i s then published, while the other is kept
private. The publig, tlﬁ\?Yoilo%I%i&gwtsQor?We}{géfel%ﬂye a%l@g(?t IS@ELEE%QSH];!QJIO

hol der of the private k ce encrypted using the pu a nessage
can 25 oty lb@“”@l%@ﬁ)bpt“@dn agieinest etprany atservke ywhaivtsly wopgsas tS| tos thtanrmter

securel y ex‘b@?&ﬂﬁ%é’&?&%@g%éng%é Qﬁhlx%ntfca{é Et v&bl eﬁagence toetﬁc h«?‘rp gczitehau% 1|t)6 b} es

To ensure that the priv norma
the private tk@ubttokgewehzajge kt)hm tktegermfalafe to Mhnge—d@gremgequmya@tmwh@m@e

used to cr egte,a en | teaSecre nat he hol der of the priv e ke
create a knéwn %&Sé%?e 2 e‘i“h@ﬁ TR S AHESH” ‘i/h‘émon
private 30 ckrelyaveémyncbnﬁnqasmﬁh@dmmeerl fy that the encrypted hash constitutes
the “si %E)at lirze" OfNIETQ’%GE%RgNe'IKEROSfECURiTY
Each netpage printer is assigned a pair of unique identifiers at time of manufacture
which are stored in read-only memory in the printer and in the netpage registration server
database. The first ID 62 is public and uniquely identifies the printer on the netpage network.
The second ID is secret and is used when the printer is first registered on the network.
25 When the printer connects to the netpage network for the first time after installation,
it creates a signature public/private key pair. It transmits the secret ID and the public key
securely to the netpage registration server. The server compares the secret ID against the
printer’s secret ID recorded in its database, and accepts the registration if the IDs match. It
then creates and signs a certificate containing the printer’s public ID and public signature key,
30  and stores the certificate in the registration database.
The netpage registration server acts as a certificate authority for netpage printers,

since it has access to secret information allowing it to verify printer identity.

When a user subscribes to a publication, a record is created in the netpage



the private key with respect to that particular nessage by decrypting the
encrypted hash using the public key and verifying the hash agai nst the
nessage. |f the signature is appended to the nessage, then the recipient
of the message can verify both that the nessage is genuine and that -41 -
it has not been altered in transit. To make public-key cryptography work,
there has to be a way to distribute publré2 -keys whi ch prevents

i npersonation. This is normally done using certificates and certificate
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basis if necessary.
When a pen comes within range of a printer, the pen and printer discover whether
they know each other. If they don’t know each other, then the printer determines whether it is
25 supposed to know the pen. This might be, for example, because the pen belongs to a user who
1s registered to use the printer. If the printer is meant to know the pen but doesn’t, then it
mitiates 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.
30 In addition to its public IID, the pen contains a secret key-exchange key. The key-
exchange key is also recorded in the nelpage registration server database at time of

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



30 and stores the certificate in the registrati on database. The net page
regi stration 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
t he netpage -42- registration server database authorizing the publisher to
print the publication to the user's defaBt printer or a specified
printer. Every docunent sent to a printer via a page server is addressed
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regions are designed to produce an interference effect when the 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.

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

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

30  biometric information with the netpage registration server, as described in Section 2.

When presented with a secure netpage document, the recipient can verify its
authenticity by requesting its status in the usual way. The unique ID of a secure document is

only valid for the lifetime of the document, and secure document IDs are allocated non-



initiates the registration procedure. 30 In addition to its public ID, the
pen contains a secret key-exchange key. The key- exchange key is al so
recorded in the netpage registration server database at tinme of
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printer, and the printer transmts the pen ID to the netpage registration
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printed. Theqdit hek BBkdaeTARRkdMBHEL and even pages' watermark regions
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20 In SET, cardholders and merchants register with a certificate authority and are
1ssued with certificates containing their public signature keys. The certificate authority verifies
a cardholder’s registration details with the card issuer as appropriate, and 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,
25 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 of
keys and certificates is considered burdensome. Interim solutions which maintain cardholder
keys and certificates on a server and give the cardholder access via a password have met with

30  some success.
4.2 SET PAYMENTS

In the netpage system the netpage registration server acts as a proxy for the netpage

user (i.e. the cardholder) in SET payment transactions.



Secure docunents are typically generated as part of e-comrerce
transactions. They can therefore include the user's photograph which was
captured when the user registered 30 bionetric information with the

net page registration server, as described in Section 2. Wen presented with
a secure netpage docunent, the recipient can verify its authenticity by
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20 43 MICRO-PAYMENTS

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

25 provided to the user.

When the user registers for e-commerce, a network account is established which
aggregates micro-payments, The user receives a statement on a regular basis, and can settle
any outstanding debit balance using the standard payment mechanism.

The network account can be extended to aggregate subscription fees for periodicals,

30 which would also otherwise be presented to the user in the form of individual statements.
4.4 TRANSACTIONS
When a user requests a netpage in a particular application context, the application is

able to embed a user-specific transaction 1D 55 in the page. Subsequent input through the page
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PAYMENTS I n the netpage systemthe netpage registration server acts as a
proxy for the netpage user (i.e. the cardfolder) in SET paynent
transactions. -45- The net page system uses bionetrics to authenticate the
user and aut hotizd WSEThqzrentsiD, Bed tuseplicheorsy sicafy blc pecstddiisied aphheriate

bi onetric “S%Qm sle;srI S 0N~ | ine signature, consisting of tinme-varying
pen position an Fle® MY ngerprint biometric can also be used by

desi gning a finger pthﬂ'I AN $0turd Nkroughe PaR, whlkh hough @br-gehitighaswsest the The
type of bionetric.5 used only affects the capture of the bionetric, not the

aut hori zat i oﬁm&%‘éﬂlf’t gugiruse H[é@ UFEE SNAUTHECTHIT &t cbiph ePoBBIhgt Altie] SRk e
SET paynemt s niV@Ivte@acfdﬁ‘%' iehe 'frohmprb'-%ﬁﬁtea chl@?’EEg{ el 16 theWsd B $iRga n%B?lggcal t”. To
regi stration server his is done in a con envi ronment exanpl e
a bank, wheP®WYChEe BrHBEYIY, kaavevere theampiaue vesr 49 60 heowaivehe hetpegasydide isumer ' s
i dentity IS VRkishd 98- appiliBoi 9TRE [ P t

regi stration datgabaseapp I nﬁedqiﬁg Eshgo Sgeg%ﬁs&lﬁrg%gt g%qlf%tso%hggvmels Egm casily
phot ogr aph i §0f5ﬁf@@gG@@Pmﬂmﬂwccmapdamdd&ha\n@tall danked to the record. The SET
cardhol der registrati S co the resulting priv

si gnature key and c@%tﬂ% TNGE ate %Faém or detﬁatﬁE”"gaé a8 sEORE U SER ’°§g“p
payment d&r dbétwbaraveti o mstppl[cemorsh@ raen‘hqug laMaerg gshes fetvpagBigufecBi. FitfeaddepN
server enough i nfor ion to act as th ser' roxy_in any SET paynent
transaction. R‘fél Swaéﬁ‘%% n}ﬂi@’grl a%v‘”@ﬁ%&’l‘tﬁ)}hes Jﬁ%ftf’rég ?tﬁé’“fﬁ Sifeitefnage P%ec“‘&ﬁ’ﬁ’f ete
a paynment, fasks eveamph@ re@waslbgﬁurﬁg t@ ARl RaGe aQbsleted B%ﬂﬁhtdnh@(w kdRL@BEr with
securelytransmtlgD e ord |nformat|on t he pen the bionetric

data to the WHEP P@’éﬁ@’c ’élf R0 - Jde ghts, Ib?ﬁ@e%élb\‘}‘é‘ttedxﬁelﬂi@f}lyé%fhﬂhéalkiﬂ’@?f@ﬂ’r| c

with respect to thenslsglichi@nihiitpd Qé’te LSRR 1Qiex@@%yfdi19§nlbh§ﬁﬁ gnaﬁ?&ﬁos as
t he user@Eproxy in conpletin % the SET paynent transaction.
i

M CRO- PAYRENTSICThBseHgtcpidig etatey émtmﬁcvlthldetwaw}?ém&@mﬁad)rdenﬁltaméthpawmnt s,
to allow the user tQ, sRRLADVEM LM M 195%3 ﬁ Je?qﬁé.?i{el emi an gY&Bgt%?e_ for
docunents on dermand and for copyl ng opyr ‘t dt OSSI y al s
to all ow t hetaglsef a psr'bepnieitivoarts QHOW@Wtoe)gnapglmtlon mmsacneds Dmbﬁraifrﬂfltlﬂ@ser

adverti sing Al Tt nds on the | evel of subsidy already
25 provi ded l{%tgfo higaaggléc}n& LREEE i OSREDS

<c:jxsc forrh?e s

To assist the system in routing product bar code (UPC) “hyperlink™ activations, the
20 system records a favorite application on behalf of the user for any number of product types.
Each application is associated with an application provider, and the system
maintains an account on behalf of each application provider, to allow it to credit and debit the
provider for click-through fees etc.
An application provider can be a publisher of periodical subscribed content. The
25 system records the user’s willingness to receive the subscribed publication, as well as the
expected frequency of publication.
4.5 RESOURCE DESCRIPTIONS AND COPYRIGHT
A preferred embodiment of a resource description class diagram is shown in Figure
40.
30 Each document and content object may be described by one or more resource
descriptions 842. Resource descriptions use the Dublin Core metadata element set, which is
designed to facilitate discovery of electronic resources. Dublin Core metadata conforms to the

World Wide Web Consortium (W3C) Resource Description Framework (RDF).



When the user registers for e-conmerce, a network account is established
whi ch aggregates mcro-paynents. The user receives a statenent on a
regul ar basis, and can settle any outstanding debit bal ance using the
standard paynent nmechani sm The network account can be extended to
aggregate subscription fees for periodicals, 30 which would al so otherw se
be presented to the user in the formof irddividual statements. 4.4
TRANSACTI ONS When a user requests a netpage in a particular application
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appl i catf beci f PEBIGRUIGIANPEBIYERY PROIOLGL t he systemin routing product

bar code (UPC) "hypeflinld cotfoliinyedt b 8 cprds, g favorite
application on behalei:1£r of the user !f'odrﬂlélgsrlcgr/lgﬁﬂnn%el?ra%?’%g&ggi%csﬁ(g‘ﬁ/%%sigure ach
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provi der caresbiextaotpedtd kshemagef§ ofgeds. OthieC albsiphise rdehiesy Gaoloedt therthge delivers
20  document structures to individual printers via pointcast, but delivers shared content objects via
muiticast,

The application (i.e. publisher) first obtains a document ID 51 for each document
from an ID server 12. It then sends each document structure, including its document ID and
page descriptions, to the page server 10 responsible for the document’s newly allocated ID, It

25  includes its own application 1D 64, the subscriber’s alias ID 65, and the relevant set of
multicast channel names. It signs the message using its private signature key.

The page server uses the application ID and alias 1D to obtain from the registration
server the corresponding user ID 60, the user’s selected printer ID 62 (which may be explicitly
selected for the application, or may be the user’s default printer}, and the application’s

30  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 systemrecords the user's wllingness to receive the subscribed
publication, as well as the expected frequency of publication. 4.5
RESOURCE DESCRI PTI ONS AND COPYRI GHT A preferred enbodi nent of a resource
description class diagramis shown in Figure 40. 30 Each docunent and
content object may be described by one or nore resource descriptions 842.
Resource descriptions use the Dublin Core4fetadata el enent set, which is
designed to facilitate discovery of electronic resources. Dublin Core

met adat a conf or ns t 6het pree sthber HenMidieatté bodCenrsosid e (ARG Resaidr ©ewvards the

Description Fr work (RDF) .. -47- r.esoyrce descriptio i dentify.

T oht s hot deraRago0 linh el ing i D SR HeaRutT ek o i er e SEapyt g
f ees from usehsntimarmiegit helpphdersiswhen users print copyright content. 5
COVMUNI CATI ONS PROT S 5 A communj cations protocol defines an ordered
exchange of nmessageTHSERHEC BfYly pflgsgted IpﬁgetIE?é thide perjisaigpdpelurerfareices

such as pens, print@se aBdapBEMRLSHML blsidBted ICtorOfhe A&LLIREM s{?ﬁc%rgicu) Sk O
cooperatively handle user interaction wth the netpage system Eac

protocol is PHIStateFasdertahpriniys v the rslorpne ness saiveryr dmuitivasthibetyatidus subsets of
horizontal  @"BASIOMidE HSGL et the vertical
dinension is uf_:sed to ge?present bl%ii%g% %éi?&%jaﬁ.\?%cﬁgi ?hﬁm?e\é\é' ?é;‘)g? ggentsgaer%fn%
rectangl e comteningitphide pppreprofe mhldcanhtlatyeland racekerthéic adquical enmnt objects.

representing if el i f the.entity. Durin he ti an entity exists,
the Tit ol i ne pdPort tlfblldo Fophlle cf bttt gtiinig: i BfiEnthi Jiie &8
active, ftlfe bideekivae b sdstowmietago@ndon ereirldafiBaseBAGAUSEoWE EheRfr DEAL B! Fint
consi dered h%ahref.z1 éjuo enpt create or destroy entities, lifelines are generally
cut short as SOOH"HS “an entity ceases to participate in a protocol. 15 5.1

SUBSCRI PTI ONS.DEL| VERY¥:RRFKQAXNv Aripk @kefroesh enbodi ment of a subscription
delivery protocol is s ovx(/p in Figure 43. A |arge nunber of users may
subscribe to a per i“OlFEgF pitdeaE ponhypediek aefs@tionsproweelts dividy Fisere4di d out
differently, but mamenuseslici@dintd R th 2 RABLR p%Q,ﬁHPHen%Hﬁﬁ{Hca&F% clif®

t ext obj zgts and i mage objects. The subscription delivery protoco
t her ef or &2 delvithicaredgetpaednrser 681 rietcliskeiderttdics thdipegchrdla lpratint en the wage. The

Bopli cat on T e LUERIaROR 876 FOPhE D foth BELE M Rec oo i o, Teacn
docunent from an K penteredetdinest vit hienDEBNGs neawink dddresysoftths pagecderiee 10a
including i tlﬁn@l%%%%rtilnparapna%e 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
20 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 ¢lement’s zone 58, if any, the click lies in. Assuming the relevant input
element is a hyperlink element 844, the page server then obtains the associated application ID
64 and link ID 54, and determines, via the DNS, the network address of the application server
25  hosting the application 71.
The page server uses the pen ID 61 to obtain the corresponding user ID 60 from the
registration server 11, and then allocates a globally unique hyperlink request ID 52 and builds
a hyperlink request 934. The hyperlink request class diagram is shown in Figure 44. The
hyperlink request records the IDs of the requesting user and printer, and identifies the clicked
30  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-specific

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



page descriptions, to the page server 10 responsible for the docunent's
newly allocated ID. It 25 includes its own application ID 64, the
subscriber's alias I D 65, and the relevant set of nulticast channel nanes.
It signs the nessage using its private signature key. The page server uses
the application ID and alias ID to obtain fromthe registration server the
correspondi ng user ID 60, the user's seledfed printer ID 62 (V\/m ch may be
explicitly selected for the application, or nay be the user's default
printer), and)agmeeragpll@&;actspmib@ f@0the eddcinbbaat sewlfheloapgl IDAatdgethes with the

certificate rver to verify t message signature. The
page server'’ %4 g%&é’?gc Sgr 'he r%”éilté‘féyé)lﬁ%{‘é‘% @é?%}gis fails if the application
ID and alias | D donfiic scéong@hdeaerved@nds hyhdesmRs&fubQDARI 8Bicatiod 8D 1T e rage
server then all ocat es ocunent and page instance IDs and forwards the page
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rel evant et d@f reqebilif @@ B{perlGIERLY BT His iRG ddrite GhpticQidnl StEN tO. 1t
then returns the newy a{lpl ocatéek([jh%pa Sgl&I%Dg tolst he apgl i C%.HII oﬁnfor future

reference. 5 Once tHe sspdiress pesver wlscaghs stopihunt éebtanbd awt pashdDd GO urebms the
truct t Qe h
structures 1g &/1@%10@&%%%& srs thesa?lpﬁ&:blgg ol @E %{)ﬁgi\éf:seﬂdé)% ergent el gV @@é dﬂﬁ%ﬁ s

servers, it nulficasts the variou sets o 0bj ec on t
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a netpage w th a net page pe e pen_communi cates the click 15 to the
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connect i gg protocol. The printer determnes, via e network
addr ess t Higs JRGé cesspendingna herapntitatioy I hed HharserdDl ﬁnnqbaigetﬂeBler Mtthe
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20 1D 62, th@egﬂgélﬂklbqawd%l ick location to the page server. The page
server Ioad ghe PRAK %%QEE{ECBENPH&QEQM{)# d by the page 1D and

det erm nes | ch i npu el enen Zone lany, the click lies in.
Assum ng the rel evaliteniampartdraws a stroke on a netpage with a netpage pen, the pen communicates

20 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 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
25 input element is a text field 878, the page server appends the stroke to the text field’s digital
ink.
After a period of inactivity in the zone of the text field, the page server sends the pen
II> and the pending strokes to the registration server 11 for interpretation. The registration
server identifies the user corresponding to the pen, and uses the user’s accumulated
30  handwriting model 822 to interpret the strokes as handwritten text. Once it has converted the
strokes to text, the registration server returns the text to the requesting page server. The page

server appends the text to the text value of the text field.



element is a hyperlink elenment 844, the page server then obtains the

associ ated application ID 64 and link 1D 54, and determ nes, via the DNS,
t he network address of the application server 25 hosting the application
71. The page server uses the pen ID 61 to obtain the corresponding user |ID
60 fromthe registration server 11, and then all ocates a gl obally uni que
hyperlink request ID 52 and builds a hyp®&dl4 nk request 934. The hyperlink
request class diagramis shown in Figure 44. The hyperlink request records
the I Ds of thietrequﬁs&vi«mmm@mmmdlqwi'xttmcomnd identifies the clicked 30

hyper | i nk instanceg £ l[ﬁﬂge server then sends its own server | D 53
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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 signature and obtaining the
corresponding certificate from the registration server 11.
25 5.6 COMMISSION PAYMENT PROTOCOL
A preferred embodiment of a commission payment protocol is shown in Figure 47.
In an ¢c-commerce environment, fees and commissions may be payable from an
application provider to a publisher on click-throughs, transactions and sales. Commissions on
fees and commissions on commissions may also be payable from the publisher to the provider
30 ofthe printer.
The hyperlink request ID 52 is used to route a fee or commission credit from the

target application provider 70a (e.g. merchant) to the source application provider 70b (i.e.

publisher), and from the source application provider 70b to the printer provider 72.



path to the page server 10 in the usual way. The page server |oads the page
description 5 identified by the page ID and determ nes which input

el enent's zone 58, if any, the stroke intersects. Assum ng the relevant 25
input elenent is a text field 878, the page server appends the stroke to
the text field s digital 1ink. After a period of inactivity in the zone of
the text field, the page server sends the®en |ID and the pending strokes
to the registration server 11 for interpretation. The registration server
identifies the user Teotrses pppigairg teocitdighpbmperlatidregsesin emubenage server 10
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preferred enpodi nenerpicRr@DRYS&PALRSI On protocol is shown in Figure 46.
Form subm ssion occurs via a formhyperlink activation. It thus follows the

protocol  deffned iPﬁN%'ﬁW#ﬁSS. 2, wth some formspecific additions. 20 In
page server 10 to the BsEar SAM I Leuh s BibalR e PRe O et il ne

current dat al®domckdes olfiousing 102 in the form of a plastics moulding having walls 103 defining an

20 interior space 104 for mounting the pen components. The pen top 105 is in operation rotatably

mounted at one end 106 of the housing 102. A semi-transparent cover 107 is secured to the

opposite end 108 of the housing 102. The cover 107 is also of moulded plastics, and is formed

from semi-iransparent material in order to enable the user to view the status of the LED

mounted within the housing 102. The cover 107 includes a main part 109 which substantially

25 surrounds the end 108 of the housing 102 and a projecting portion 110 which projects back

from the main part 109 and fits within a corresponding stot 111 formed in the walls 103 of the

housing 102. A radio antenna 112 is mounted behind the projecting portion 110, within the

housing 102. Screw threads 113 surrounding an aperture 113A on the cover 107 are arranged

to receive a metal end piece 114, including corresponding screw threads 115. The metal end

30  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.



form If the formcontains any signature fields, then the application
verifies each one by extracting the alias ID 65 associated with the
corresponding digital signature and obtaining the corresponding
certificate fromthe registration server 11. 25 5.6 COVW SSI ON PAYMENT
PROTOCOL A preferred enbodi nent of a comm ssion paynent protocol is shown
in Figure 47. In an c-commerce environme®& - fees and comi ssions nay be
payable froman application provider to a publisher on click-throughs,
transacti ons and saf@ﬁmﬂcnmnm$%¢bmba@mnmﬁeésmanﬁ1ubpm18@r®m$omMMdomyuﬁs$ons
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space 104 for nounti nponent's
rotatably second flex PCB 129 for recewmg reﬂected radiation from the surface The second flex PCB

20 129 also mounts a radio frequency chip 133, which includes an RF transmitter and RF
receiver, and a controller chip 134 for controlling operation of the pen 101. An optics block
135 (formed from moulded clear plastics) sits within the cover 107 and projects an infrared
beam onto the surface and receives images onto the image sensor 132, Power supply wires 136
connect the components on the second flex PCB 129 to battery contacts 137 which are

25  mounted within the cam barrel 125. A terminal 138 connects to the battery contacts 137 and
the cam barrel 125. A three volt rechargeable battery 139 sits within the cam barrel 125 in
contact with the battery contacts. An induction charging coil 140 is mounted about the second
flex PCB 129 to enable recharging of the battery 139 via induction. The second flex PCB 129
also mounts an infrared LED 143 and infrared photodiode 144 for detecting displacement in

30  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.



nmounted at one end 106 of the housing 102. A sem -transparent cover 107 is
secured to the opposite end 108 of the housing 102. The cover 107 is al so
of noul ded plastics, and is formed fromsem -transparent nmaterial in order
to enable the user to viewthe status of the LED nounted within the
housi ng 102. The cover 107 includes a main part 109 which substantially 25
surrounds the end 108 of the housing 102-83d a projecting portion 110 which
projects back fromthe main part 109 and fits within a correspondi ng sl ot
111 formed in the wallibsr gr(Gpadf 14 had 4@ usd provid@Rowads ddicod a0t efthahdiuk2igi 192

ted behi t :
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receive a netaaalocle:nd pi ece 114, including corresponding screw threads 115.
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proj ecting frogl slider blocks 123 and 124 fit within the camslot 126. On
rotation of PH&™tam barrel 125, the slider 10 bl ocks 123 or 124 nove
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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 enables
the exchange of data between components of the controller chip 134. Flash memory 147 and a
25 512 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 digttal signal.
An image sensor interface 152 interfaces with the image sensor 132. A transceiver
controller 153 and base band circuit 154 are also included to interface with the RF chip 133
which includes an RF circuit 155 and RF resonators and inductors 156 connected to the
30 antenna 112.
The controlling processor 145 captures and decodes location data from tags from the
surface via the image sensor 132, monitors the force sensor photodiode 144, controls the LEDs

116, 131 and 143, and handles short-range radio communication via the radio transceiver 153,



20 129 also mounts a radio frequency chip 133, which includes an RF
transmtter and RF receiver, and a controller chip 134 for controlling
operation of the pen 101. An optics block 135 (fornmed from noul ded cl ear
plastics) sits within the cover 107 and projects an infrared beamonto the
surface and receives inmages onto the |mage sensor 132. Power supply wres
136 connect the conponents on the second®fl-ex PCB 129 to battery contacts
137 which are 25 nmounted within the cambarrel 125. A termnal 138 connects
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PCB 129 20 t(ﬂ%AB?nQeriLa%g' for short-range communication with a base station or netpage printer.
In a further embodiment, the pen 101 includes a pair of orthogonal 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
25  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 rather than a position on
the surface. For example, if the object is a user interface input element {¢.g. a command
button), then the tag ID of each location tag within the area of the input element can directly
identify the input element.
30 The acceleration measured by the accelerometers in each of the x and y directions is
integrated with respect to time to produce an instantaneous velocity and position.
Since the starting position of the stroke is not known, only relative positions within a

stroke are calculated. Although position integration accumulates errors in the sensed



Figure 10 is a block diagramillustrating in nore detail the architecture
of the controller chip 20 134. Figure 10 al so shows representations of the
RF chip 133, the imge sensor 132, the tri color status LED 116, the IR
illumnation LED 131, the IR force sensor LED 143, and the force sensor
phot odi ode 144. The pen controller chip 134 includes a controlling
processor 145. Bus 146 enables the excha®e of data between conponents of
the controller chip 134. Flash nenory 147 and a 25 512 KB DRAM 148 are
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20 filter within the cartridge, the operational life of the filter is effectively linked to the life of the
cartridge. The ink cartridge is a fully recyclable product with a capacity for printing and gluing
3000 pages (1500 sheets).
Referring to Figure 12, the motorized media pick-up roller assembly 626 pushes the
top sheet directly from the media tray past a paper sensor on the first print engine 602 into the
25 duplexed Memjet™ printhead assembly. The two Memjet™ print engines 602 and 603 are
mounted in an opposing in-line sequential configuration along the straight paper path. The
paper 604 is drawn into the first print engine 602 by integral, powered pick-up rollers 626. The
position and size of the paper 604 is sensed and full bleed printing commences. Fixative is
printed simultancously to aid drying in the shortest possible time.
30 The paper exits the first Memjet™ print engine 602 through a set of powered exit
spike wheels (aligned along the straight paper path), which act against a rubberized roller,
These spike wheels contact the ‘wet’ printed surface and continue to feed the sheet 604 into

the second Memjet™ print engine 603.



interference-free conmmuni cation, In an alternative enbodi nent, the pen

i ncorporates an Infrared Data Association 20 (IrDA) interface for
short-range conmuni cation with a base station or netpage printer. In a
further enbodi ment, the pen 101 includes a pair of orthogonal

accel eroneters nmounted in the normal plane of the pen 101 axis. The

accel erometers 190 are shown in Figures -®0nd 10 in ghost outline. The
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The netpage printer controller consists of a controlling processor 750, a factory-
20  installed or field-installed network interface module 625, a radio transceiver (transceiver
controller 753, baseband circuit 754, RF circuit 755, and RF resonators and inductors 756},
dual raster image processor (RIP) DSPs 757, duplexed print engine controllers 760a and 760b,
flash memory 658, and 64MB of DRAM 657, as illustrated in Figure 14,
The controlling processor handles communication with the network 19 and with
25  local wireless netpage pens 101, senses the help button 617, controls the user interface LEDs
613-616, and feeds and synchronizes the RIP DSPs 757 and print engine controllers 760. It
consists of a medium-performance general-purpose microprocessor. The controlling processor
750 communicates with the print engine controllers 760 via a high-speed serial bus 659.
The RIP DSPs rasterize and compress page descriptions to the netpage printer’s
30  compressed page format. Each print engine controller expands, dithers and prints page images
to its associated Memjet™ printhead 350 in real time (i.e. at over 30 pages per minute), The
duplexed print engine controllers print both sides of a sheet simultaneously.

The master print engine controller 760a controls the paper transport and monitors



The mcro air filter interfaces with an air punp 638 inside the printer via
a hose 639. This pro- vides filtered air to the printheads to prevent
ingress of mcro particles into the MenjetTM printheads 350 which m ght

ot herwi se clog the printhead nozzles. By incorporating the air 20 filter
within the cartridge, the operational |ife of the filter is effectively
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povers this ganshRahemeliR Gt MRS SEMP Y G ﬁg&%o%&%i?&) pRAGbdAL! Y

hol |l ow axle 679 with a rotating coupling for e glue supply” hose 641 from
the ink ¢artiSPAyecdoms. Bk snedens, ertdlicommsetiser, (rua“cntgelmsienwt‘reeﬂeratwhlm‘;ﬁulai

absor bs adhegj.¥g,p *aﬁ&gf}};us aﬁ(ﬁﬁ B 1!339 rfoéah Eo%ﬁ QWLquxlaﬁéceQ&Is eﬁ?c}%lﬁtr?é%ag%sdmg'ludc

housi ng 682 surrounds

Pi voting si d&ERDI284 ﬁ@salleM)s mﬂmgTaueu éﬁORhse)ﬂ“siEtbﬂmet,aIﬁ&aﬂitEUSBcﬂ Q,HBERB B
bracket and trgg§e)ognd %érgo%‘é"% S F . of the ﬂisseﬁrbl%{ t673 i S thrust
forward. Thi's acti’on exposes nggg %me\% ’T%P(Beﬁéﬁest e} HoTTCtofonngoHgn 18
nol ded housiavgxlzﬁ&-Zon ﬂ=rerls¢ad)|nets40m nigs 6 asel ﬁéﬂ@orﬁﬁﬁl@ffﬁﬂe}/{:aﬁfw BEd ecihe wRipYgcap
t he gl ue20 ?W guri Qf‘g periods of inactivity. 15 As the sheet 604 passes
into the gl JE"WREEB " §&%enbl y 673, adhesive is applied to one

The radio transceiver 753 communicates in the unlicensed 900MHz band normally
used by cordiess 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.

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

7.2.1 RASTERIZATION AND PRINTING

30 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

mmage. The main processor stores each compressed page image in memory. The simplest way



vertical edge on the front side (apart fromthe first sheet of a docunent)
as it is transported down into the binding assenbly 605. 7.2 PRI NTER
CONTROLLER ARCHI TECTURE The netpage printer controller consists of a
controlling processor 750, a factory- 20 installed or field-installed
network interface nodule 625, a radio transceiver (transceiver controller
753, baseband circuit 754, RF circuit 75598and RF resonators and inductors
756), dual raster inmge processor (RIP) DSPs 757, duplexed print engine
control | ers 760mddntinZodbltiplef PSshis mehmreycto B8P raundiz6 4NBpofte PRAMI6E T)SPassan

illustrated in Fi e 14 . The controlli ocessor handl es communi cation
Wi th the net e 76K S a5 e bsBAR Rl B BYETidppstd 6 dhash e be Bidee
the hel p but themoGd 7hiscontagploslytbgis us @btchill O fod€ BSE BRE za1i8d Ir1d Gasidntie fs86ds
and synchronizes the RIP DSPs 757 and print engine controllers 760. 1t

consists of &°HE¥im performnce general - purpose nicroprocessor. The

control I'img pr OCeSWﬁtem?q‘él@re%muﬂﬂh@%&%%ewn%hoﬁ e rRicidld SNAUARLELRLILAL] &L S
760 via a high-speed serial bus 659. The RIP DSPs rasterize and conpress

page descri pf§'6hilpay Vheh feloplagey spinpteased do ngligddarpressewhishdemfsaranad!, thEach

print engi nec&%gsgall)a%gir%%@ands, dithers and prints page inmages to its
associ ated Menm et TM printhead 350 in real tine (i.e. at over 30 pages per
m nute). The dupl ebhednfparédnR elagirné tegmintedl Jage sonpridsntodbibhdipagk das and dassheet

si mul t aneous S rint engine contraller 760a contrals e paper
t ransport anhy%grtgéﬁg §n§£/-@ﬁchﬁa%%nacg%esietﬂe 8%?3]18)1’16 i 5 a@\ﬁ? F?fmfoié’ﬁ?‘m?gégl?c ‘%&£
chi p 665 18ndcdrivat bidecicap s dedgeteQburiy rpstatrationldnd sprddik ee compietet bate imagd. ash
menory 658 hol ds tqzl sof.t war e fo?] oth the prgc ssor . 750 and theI\ DSPs. 757,
as wel | as confi guraf i d5CESOTATE PIssesclisidybIcs RRgT Ampssind? Y 89piaed raigbt
time. 5 The pryeeessosllerSM0. BERDADéngidWbntlbigh 780 stbicd BRCBINYRSEsAPIPORRRE $n
(transcei ver, ronltrol | er 753 and baseband circuit 754) are integrated in a
si ngl e cont r 8 [%67 REPEY 681, sufialhe grerpxrapipotiitrg tipRpineling Jiage pEmngeR) aw

resonat or s aphtinB A4 shHelired Hebhisdlt8s REAYIt RS0 Hor@ an SRR 4 LrERE- e 0 QZNY‘@%HRThe
net wor k |§t erface nodul e 625 is separate, since netpage printers allowthe

network & NNRAGE IBHECEDIBEOMact or y- sel ected or fiel d-sel ected. Flash nenory

658 and 10 thﬁ.sziﬁmﬁNdlﬁégg}JT%MR657 is also off-chip. The print engine
controllers 760 are provided Iin separate ASICs. A variety of network

interface nodul es &R&pageexpansion dedlpriiag pipphovefdhaprin enghpagerollastodepisists
ot e TSk oy P 9ToH R AR RIPACL Bra TR o,
(HFC) cabl e GmdeAFax decoder 764, a custom halftoner/compositor unit 765, a custom tag encoder 766, a

20 line loader/formatter unit 767, and a custom interface 768 to the Memjet™ printhead 350.

The print engine controller 360 operates in a double buffered manner. While one
page is loaded into DRAM 769 via the high speed serial interface 659, the previously loaded
page is read from DRAM 769 and passed through the print engine controller pipeline. Once the
page has finished printing, the page just loaded is printed while another page is loaded.

25 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 and composites (at 765)
the bi-Jevel black layer over the resulting bi-level CMYK layer. The resultant bi-level
30 CMYKHIR 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 (including fixative) to the Memjet™

printhead 350 via the printhead interface 768.



15 |1 SDN nodens, DSL nodens, satellite transceivers, current and

next -generation cellular telephone transceivers, and wireless |ocal |oop
(WLL) transceivers. Local interfaces include |EEE 1284 (parallel port),
10Base-T and 100Base-T Ethernet, USB and USB 2.0, |IEEE 1394 (Firewire),
and various energing hone networking interfaces. If an Internet connection
is available on the local network, then-thBe | ocal network interface can be
used as the netpage 20 network interface. The radio transceiver 753
communi cat es i n t hewtal scoeans@tht 9 cohd@oldandoneE 1Bk liY unbi§e duiddss G0L BhR&Sd
t el ephones, falternafllvel in the unlicensed 2.4GH industrial,
scientific ar‘ia“ YL TRy lanEed WA sheed ing smasmay 7H8p9511ﬁgm%1ﬁﬂnf engine

col l'i sion det/ggtskiefted Pia HQUIAR ma RIS LENEA; £E8RE AEIMHRICAL L 81 7%l Ee
printer controller optionally incorpor at es an Infrared Data ASsoci ati on

(1rDA) i nt efbagdicor recei vi ng data "squirted" fromdevices such as

net page cameras. | N it SHOAL G, REDOM) TEMnd e RELOLET LSESC be, |E PA

interface for short-range co nication wth suitably conf gure
pens. 7.2.1 %Wlﬁﬂlzmmmmmaﬁﬂbwﬂmmm@thmmeon‘@unng)meqnesﬁmd %@iéﬂas

recei ved andio‘(ﬂpe‘;#%‘gﬂ@% ? gé’reonttmﬁmgﬂ%e | a outs 5%}&7 age objects, it
't

runs the appropri ware on SPs 757 rasterize
each page descri ptilonhafd” czemmhess tﬂehﬁetﬂagstp&hie?,&ﬂe I&a@@rmﬂ mgﬁs eddhepriid B0

processor st s each conpresse e |rra e in nmenor he si nmpl est

-58- to Ioadgﬁtgrgﬁ%eé PRI Or@éb’g?% dirgeny @P"églﬁi’a@% 1y ééifvéli‘ﬁaz ”"araé‘ia?fa%%te
page. Thd0DSPHz s:am0o a;hV\HMﬁe be kephs sy n&b%@ @rifir, Aivh HARYenBMBP&ER Bfints 45
rasterized pa%es can, general , be stor menory. This strategy only

| eads to pot bYHS 8%169Pffd%ﬁnufssbn&fhelSh%réfiﬁnemmmeﬁth? Baed o2 Byingiading rate Of 10.2
docunents. SkiAUBEB[iKe (ARG 99%&1%&1&!@ tﬁ@gﬁerg Bédc%f%@ Masket 'péﬁt@leédo a

“contone-resolution bi- level bitmap which ossl esSly conpressed

negl i gi bl e sWheh ivthe gpTeahdesunmscepds 0 itz the conpressed page i mage. The
infrared (1 Rqoh@@ho@f the printed page contains coded netpage tags at a
density of about six per inch. Each tag encodes the page ID, tag ID and
control BPts, and withodzt the pidferod ringotiinght @ascbbeha@sqmecgenéneaioetdxtdmfrusnr_g a

rasterizati o %}q Lh ressed e jmage. The maj n.processor
750 passes. ohae s TR EouRat R ShiRe BRI i SoCRGP AR 6o
control lers cﬁaﬂay Eavide ﬁor ldnpiagrmglmﬁomaﬂtarsﬂicia&rd thE&QwRE.OITRS didpRiy CleNRE @SS &b
page image |en t? ) {ﬂ (1:1 argd starts the page expansi on and printing
pi pel i ne. Pad%mg D Akt Sﬁox a persona computer operatively connected to a network, such as the
Internet, and thereby to a server.

20 The present invention has been described with reference to a preferred embodiment
and a number of specific alternative embodiments. However, it will be appreciated by those
skilled in the relevant fields that a number of other embodiments, differing from those
specifically described, will 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

25 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.



printing is pipelined because it is inpractical to store an entire 114MB

bi -l evel CWK+IR 15 page image in nenory. 7.2.2 PRINT ENG NE CONTROLLER
The page expansion and printing pipeline of the print engine controller 760
consists of a high speed | EEE 1394 seri@P -i nterface 659, a standard JPEG
decoder 763, a standard G oup 4 Fax decoder 764, a custom

hal ftoner/qogﬁosi tor unit 765, a customtag encoder 766, a 20 line

| oader/ for = unit 767, and a custominterface 768 to the MenjettM
printhead 350. The print engine controller 360 operates in a double
buffered manner. Wiile one page is |oaded into DRAM 769 via the high speed
serial intkrfaceAGBodtolierigpingwidotshant, ltoadedned agiding visstadekiomORMMod 821 and
passed thr the. priint engine.controller pipeline. Once the page has

fi ni shed pérz‘?%%%]f}“ﬁg% ml? ﬁlebllﬁlepcé’geeogﬁﬁaﬁasfmﬁn@é’ﬁglauﬁe%s‘%ﬁe nted while another page is

| oaded. 25 The fjrs tage of th i_pel i.ne .expands t 763),.the. .

JPEG co?rpr essed A&o?{%‘%ﬁaé’ggs&i\% }ng\@éi}r%,g %&b‘gﬁrgasce’( Q}e ‘7’%6&')%“}[ ﬁ‘é‘:?‘)@%uﬁ‘s%lc textual
Fax- conpr eisfetativn-dnd wsebstiitialtk ilvasyde codad diatagmdetem at(ladst 66) of He doided eatelis

net page tag; r..Aac i to.the.tag fornmat defiped in section 1.2, all
in paral ?%Pl.c ew@eagg{la%lss Sé)gthgivf Rls g:xr(uglt‘gg)é%%mt“h@e@% pgﬁt SR 1 BV Dang
conposi t esofEcetrof BEY, eadhiventpdl t4gendtatist atk | ayer over the resulting bi-Ievel
CWK | ayer. The resultant bi-level 30 CMWK+I R dot data is buffered and
formatted (at 767) fapospion nf thagpsputivh@niviltheodlih prriant;hedd 350 via a set of
line buffers. Most of these line buffers are stored in the off-chip DRAM
The flthal stage prisutfacetiatifpation Frdermelion it itkintifientbt inttofacaatfacet i ncl udi ng
fixative) to the MenmjettM printhead 350 via the printhead interface 768.
-59- WWhen sever d&lscpiingrievispgibive, wlantnlaskd by the 6@ intp en upredivi posttirseltivesadhe as
n a dupl exedhEABAUS Aklighie kNe: ans SYASHLAN 2680-11id, JRRALEHLIDg AN

signal 770. Only one print engine /60, selected via't

nmast er / sl d¥bcagiqoftirdocyapm maing gt leasesomiersd theyndedsiatprsahsed fomdimt iotet fhve sudivar ed
line. 5 The print engine controller 760 contains a | owspeed processor 772
for synchroni zithfgnethed ipelydingthe siad ninakrcomenigerisieg pi pel i ne, confi guring
the printhead 350 via a | owspeed serial bus 773, and controlling the

st eppér® mot ors 6F5IVing ke infligatingdaig froprthg sgnging deviest t he net page printer, the
two print engines each prints 30 Letter pages per mnute along the |ong
di mensi on of t h&SHAYRINg yaing the gpgjfiopyangd thy srefageidentifpatpngniomptipyndippted Bpthedpi .
I'n the 12'nhdvafisd @ns tefdobifnNBHRABE eI pihRH; anihe two print engines each
prints 45 Letter pages per mnute along the short dinmension of the page

(8'/2"), giVvingsédlighg: dat@eto dfinder fiEintiiflese line rates are well within
t he operating frequency of the MenjetTM pri nt head,

20 2. A method according to claim 1, wherein the textual information designated by the user is
at least partially indicative, to the user, that designating the textual information will cause the

printing to occur.

3. A method according to claim 2, wherein the textual information designated by the user is

25  adjacent, or substantially coincident with, coded data upon which the indicating data is based.

4. A method according to claim 3, wherein the textual information takes the form of any

combination of’
text, including graphics-based text;
30 icons; and

hypertext links.



which in the current design exceeds 30 kHz. CONCLUSI ON 15 Although the
preferred enbodi nent has been described in the context of using a printer
to print docunents, it will be appreciated that the docunent can al so be
sent to a display device for display orftl-nonitor associated therewith.
The di splay device can, for exanple, take the formof a personal conputer
operatively connected to a network, such as the |Internet, and thereby to a
server. 20 The present invention has been described with reference to a
pref erred enbodi enrthodandrdnnienbén | ofhage eadhiof thalchardh aleh ¥dinenbadickirere hisile
However , igwmhklagﬁzgppreciated by those skilled in the relevant fields
that a nunber OP ot Ker enbodi nents, differing fromthose specifically
described, will also fall within the spirit and scope of the present
invention. Accordingly, it will be understood that the invention is not

I nt end%j t60 .be. l A %Ctﬂ”%g gcgor?igg.toz %la%r??c{fvtlfl:r ineeac ng trﬁg %E’ %I‘O(ij ?asgc rhlasbz?dreld&ertx r}ged
present specification, 1 ncluding docunents |ncorporaﬁed By Ci 65s-Tef efence
as appr oprspattabextde scope of the invention is only linmted by the attached
clainms. -60- CLAIMS: 1. A nethod of printing a docunent, the docunent
including visible textual information and substantially invisible coded
data, froma conputer systemvia: 5 an interface surface including an
interface,’ t he ihmetpdewoiding tadiaing l.\wherdin e centtolitaks takathe fommtof bar cadrd-
substantially invisible coded data, wherein at |east some of the coded data
is coincident wth at |east sonme of the visible textual information, the
coded q?ta includes a plurality of control tags, each control tag

i ndi catd vé: of : & pedpd peAtdsTe to Bleiny dopweait fie barordesare twagdipundgia! Baicedsee: and
10 surface identification information that identifies the interface
surface; a sensing device which, when placed by the user into an operative
position relative tqQ the interface surface to designate at |east sone_ of
the textudl infor Msthcdmccqdne tackan;lndibestn myh rrrie! rmdrigs icodedotata it is
document  wsiqigccdipal@asihe 2odMR dofh deiRdG9daR: E3td] BensRdialcl A teainateriace
surface; the nmethod including the steps of, in the conputer system 15
receiving the indicating data fromthe sensing device; determ ning using
the position and the surface identification information indicated by the

i ndi cdi ngo.dat a,A inbBod aedrmid toicheth Gatiectahdosiloh N RidatifROde188Rdb 0E itTRee
docunent txt(s)eifa printer for printing.

11. A method according to claim 1, wherein the position is identified relative to other control
tags.

20
12. A method according to claim 1, wherein each of the control tags includes at least one

common feature in addition to the control information.

13. A method according to claim 12, wherein the common features are configured to assist

25  finding and/or recognition of the control tags by associated control tag reading apparatus.

14. A method according to claim 13, wherein the common features are represented in a

format incorporating redundancy of information.

30 15 A method according to claim 1, wherein each of the control tags includes one or more

orientation features for enabling a rotational orientation of the control tag being read to be



20 2. A nethod according to claim1, wherein the textual information
designated by the user is at least partially indicative, to the user, that
designating the textual information will cause the printing to occur. 3. A
met hod according to claim2, wherein thefdextual information designated by
the user is 25 adjacent, or substantially coincident with, coded data upon
whi ch t he #spetfagetii ng data is based. 4. A nmethod according to claim3
wherein the textual information takes the formof any conbination of:

text, including graphics-based text; 30 icons; and hypertext links. -61

5. A nethod according to claim1, wherein each of the control tags defines
a di scret el%undl & malfiodt dveordindea cdat 45, Ghdcin Aharaidnadora tamradi ang reépaseka imal
wherein e 3 I . has redeterm ned spatial extent. 7. A
met hod ac?%?ﬁ?%ggggmg&g%ﬁg%?ﬁﬁﬂgfgﬁﬁmlﬁg control tags take the form of bar
codes. 510 8. A nethod according to claim?7, wherein the bar codes are two-
di mensi onal bar codes. 9. A nethod according to claim1, wherein each
control t defi IS U0l r 0 ata
et ned by ot her  oacy ot 1 Agt® b Bhe brieplh A Fe, RAURE G0 LG, RRERGT 2
met hod ac@dtdriify of epngbhdlements. thihepdsid datp heinp omiotiddon andsdefidehivyi the editmolthgt | ve to
the surface itself. 11. A nethod according to claim1l, wherein the
position is identified relative to other control tags. 20 12. A nethod
according to claim1, wherein each of the control tags includes at |east
one comdf- f eathimeethod aserdflipg &h clagn f Rewbosrip reoth tagftoendd fmn of3 doA haeinped
accor diong phRale) 8f fBsdiBle vi&r €i n the comon features are configured to assi st
25 finding and/or recognition of the control tags by associated control tag
readi ng apparatus. 14. A nethod according to claim 13, wherein the common
features are represented in a format incorporating redundancy of 3
informatian. 30 Alfethbd fRbAGE @616 TH, MiedeR e RinBedof pAERSIELNuGACH 0 the
control tags includes one or nore orientation features for enabling a
rotational orientation of the control tag being read to be -62-

20. A method according to claim 17, wherein when representing one of the possible values,
15 the control tags absorb, reflect or fluoresce clectromagnetic radiation of a predetermined

wavelength or range of wavelengths to a predetermined greater or lesser extent than the interface

surface upon which the control tags are disposed.

21. A method according to claim 20, wherein the possible values of the control tags are
20 defined by different relative absorption, reflection or fluorescence of electromagnetic radiation of a

predetermined wavelength or range of wavelengths.

22, A method according to claim 10, wherein the coded data identifies remotely stored

information defining the relative position.

25

23. A method according to any one of claims 1 to 22, wherein the interface surface includes a
plurality of regions, the control tags within each region include common coded data that is distinct

from the coded data of control tags in at least some other regions.

30 24, A method according to any one of claim | to 23, wherein the interface is printed onto the

interface surface.



ascertained. 16. A nethod according to claim 15, wherein the orientation
features are represented in a format incorporating redundancy of
information. 5 17. A nethod according to any one of clains 1 to 16, wherein
each control tag is defined by a plural®3y of control elenents, the coded
data being encoded in and defined by the control tags. 18. A nethod

accordi ng 2b cl abmelind aptredieg m dawiR4t apertiakiesntetiee bafae of defneitdy fagationgnya

10 plurality. j . ..19. A nethod according to claim 18,

wher ei n thIétMCnr E%lgf&g)fop%igls"}s/a?%%%%%l ues is two. 20. A nethod according to
claim 17, wherein when representing one of the possible values, 15 the
control tags absorb, reflect or fluoresce el ectromagnetic radiation of a

pr edet er m yed ( I hs to termn

O cateror f esser S i RE S bLAREE 10T Wl B BIEIR N MR suif o
tags are dihepésies supface bx menheith iotor di ng to cl ai m 20, wherein the possible
val ues of the control tags are 20 defined by different relative
absorption, reflection or fluorescence of electronagnetic radiation of a
predeterm ned wavel ength or range of wavel engths. 22. A nethod according to
cl ai m 10, #her eihmehed gegedinadarchin dentiefdinée pemotietnyinkported i nf or nat i on
defining the relative position. 25 23. A nethod according to any one of
claims 1 to 22, wherein the interface surface includes a plurality of
regions, the control tags wthin each region include common coded data that
is distincd® frofetadacouins aska &F vt tbs canrgklagsriraprinteshsingdenibatdt her
regi onf) 3Bsobont & Net hod according to any one of claiml to 23, wherein the
interface i rinted onto the interface surface. -63- 25. A nethod

accor di ng r‘f@“@?’"‘dflmeﬁﬁt{a"meéﬁ%ﬁcﬁu@I‘?é‘hichftf@‘ﬁda?@@ct@ﬁlrface i s defined by paper or
any other planar and/or |am nar substrate. 26. A nethod according to any
one of claims | to 25, wherein the coded data is printed onto 5 the

i nterface 2surf acembfhodreaiasdiff todi4dni 28! Rhereid the iGN rRAGEE LhRE HnBhdhM
26, wherein the pr.i qter is an ink printer. 28. A nethod according to claim
27, wher ei’f®¢ eephg@ﬁat PYi2thgs are printed using ink that is 10 absorbent or
reflecltsi ve in the ultraviolet spectrumor the infrared spectrum

30. A method according to claim 29, wherein the textual information is printed onto the

physical surfaces using colored or monochrome inks.

31 A method according to claim 30, wherein the textual information is printed onto the

20  physical surfaces using one of the following combinations of colored inks:
CMY;
CMYK;
CMYRGE; and
spot colour.

25

32. A method according to any one of claims 1 to 31, wherein the coded data is disposed on

the surface in a magnetically or electrically readable form.

33. A system for printing a document, the document including visible textual information and

30 substantially invisible coded data, from a computer system via:

an interface surface including an interface, the interface including visible textual



29. A nethod according to claim 26, wherein the printer also prints the
textual information onto the physical surfaces. 15 30. A nethod according
to claim?29, wherein the textual information is printed onto the physical
surfaces using col ored or nonochronme ink&4-31. A nmethod according to claim
30, wherein the textual information is printed onto the 20 physical
surfaces umfmafmmeardf subkiantiblhy lilowditig coterblamamihenit aflcgokanedr trkadedCMG is

claiims 11031 SR R M e Ao RIERAREE MRl AR o SRR Y

magnet i cal 1>fy¢00ﬁr01édge,@ta¢h walblyag igdidabt ef:f orm 33. A systemfor printing a
docunent, the docunent including visible textual information and 30
subst anti al | y invisibpwitivodéthedapetivé coofrmidacompetefacsysd em vi a: an
interface surface including an interface, the interface including visible
textual®-64- i nf or matileer identifisailos fieoriagipd thati iderif$ids e ictoded saéitce;, wher ei n at
| east sone of the coded data is coincident with at |east sonme of the
vi si bl e textual 43r8rhdaviconhidhheheagdedd tatha usadihiodespaatpk mpsiﬂidntrylatim‘to the

control t qgérfac%asﬁﬁa&qgtd'églgnaii@& d}begg L&A bV e ?J tuafi aklémd %en?er LS a cgtsrp ecf ?"I ve

control tag on the surface; surface identifica for ra

i denftifi gadipagiae Pﬁb@iﬂqca@entwmg alcleast o diervgdadaipiasensehiren thwmerfaqal sarf@d by
the user into an operative position relative to the interface surface to
desi gnate at | edBt coatsT ofstonrkeingerniigied taf or mat i on, generates i ndicating
dat a Mml cative of the docunment using at |east some of the coded data
sensed f r om t he "Fist&thedpdicating tlae &om thgqwsndeminyicer syst em bei ng confi gured
to: 10 receive the indicating data fromthe sensing device; determ ne,

usi ng the posi t %6 HAY WHE ﬂ%‘hﬁ’qsé‘@é andy R tshiace AdanGRcalinn evformelionindisated Ay 8w by

the i ndi amdidatigy s, the dobEn O GMITRRY 1 RYisalefqt © be printed; and send the
document to a printer to be printed. 15 34. A system accordl ng to claim33,

wherei n the textedalihd ®fcomnemté Qﬁnﬂ&&b%ﬁﬁrﬁ&i by the user is at |east
partially indicative, to the user, that designating the textual information
wi || cause the

15 34, A system according to claim 33, wherein the textual information designated by the user is
at least partially indicative, to the user, that designating the textual information will cause the

printing to occur.

35. A system according to claim 34, wherein the textual information designated by the user is

20  adjacent, or

substantially coincident with, coded data upon which the indicating data is based.

36. A system according to claim 35, wherein the textual information takes the form of any

combination of;
25 text, including graphics-based text;
icons; and

hypertext links.

37 A system according to claim 33, wherein each of the control tags defines a discrete

3C  bundle of the control information.

38. A system according to claim 33, wherein each of the control tags has a predetermined



printing to occur. 35. A systemaccording to claim 34, wherein the textual
i nformati on designated by the user is 20 adjacent, or substantially

coi ncident with, coded data upon which the indicating data is based. 36. A
system according to claim 35, wherein tH&b textual information takes the
formof any conbination of: 25 text, including graphics-based text;

i cons; andspatigertesxt |inks. 37. A system according to claim 33, wherein
each of the control tags defines a discrete 30 bundle of the control
information. 38. A system according to claim33, wherein each of the
control tags has a predeterm ned -65- spatial extent. 39. A system

accordi ng % cl afrnys33y asshralingite cleine3 G ehtenl thd @gsolttadsealtehie: foon nf of clars. codes.
5 40. A system according to claim 39, wherein the bar codes are two-

di mensi onal bar codes. 41. A systemaccording to claim 33, wherein each
control tag defines coded data that is wunique conpared to the coded data
def i ned® by‘%@t herA gt gicondagdo eleigotd, whedinwhd tar tives sameo-siméameal bicodds. A
system according to claim 33, wherein the position is identified relative
to the surface itself. 43. A systemaccording to claim 33, wherein the
position is identified relative to other control tags. 15 44. A system
accor di ng to cI&$ﬁ¥%§naWW§ﬁéIﬁ’@@@h3bfWMﬁén@@ﬂm@mhbk@gskﬁmwhwd@tdamtm@ast
one  Commupidus 8bibaeed b tiRAMidd A dfcﬁnédhﬁ O%Pwn%; th a%dm%ad% 1 (fiPsanda st¥REEM
according to claim44, wherein the common featurés are con |gure3 to assi st
20 finding and/or recognition of the control tags by associated control tag
readi ng apparatus. 46. A system according to claim45, wherein the comon
featurks ape reps gt &dodhgdo chd B@twh'eféﬁﬂhpﬁés%dnr‘[g ideREAHANBAGY Bfihe surface
informatiqn. 25 47. A system according to claim 33, wherein each of the
control téﬁ?flncludes one or nore orientation features for enabling a
rotational orientation of the control tag being read to be ascertained.

48. A system according to claim47, wherein the orientation features are

represent In . . .
P '54'9 ?\ system according to claim 33, wherein the position is identified relative to other
control tags.

15

44, A system according to claim 33, wherein each of the control tags includes at least one

common feature in addition to the control information.

45, A system according to claim 44, wherein the common features are configured to assist

20  finding and/or recognition of the control tags by associated control tag reading apparatus.

46. A system according to claim 45, wherein the common features are represented in a

format incorporating redundancy of information.

25 47, A system according to claim 33, wherein each of the control tags includes one or more
orientation features for cnabling a rotational orientation of the control tag being read to be

ascertained.

48. A system according to claim 47, wherein the orientation features are represented in a

30 format incorporating redundancy of information.



30 format incorporating redundancy of information. -66- 49. A system
according to any one of clains 33 to 48, wherein each control tag is
defined by a plurality of control elenents, the coded data bei ng encoded
in and defined by the control tags. 50.-#system according to clai m 49,
wherein each tag takes the formof a dot having a 5 plurality of possible
val ues. 5149.A systsgsemecordiiatg ahpor ichuirb033 whidr ehacit hehrontd tagos dgosébpl e
values is - rdi t.0. cl ai m 49, er el en
representi%gﬁgwgggféﬁﬁ%a%@%ﬁ?%ﬁgoggﬂ%ggg"&f:“Pﬁgmégﬁggéwdgéggngg%ﬁﬁ?
reflect or fluoresce electromagnetic radiation of a predeterm ned
wavel ength or range of wavel engths to a predeterm ned greater or |esser
extent thagy the pnig ST 0 i C trol. ta re. .
i sposeg. 5. A e S Y7 Rt 0, BRRUHP kD0 Bt
of the eontlp@lityroipessiticaaluss defined by different relative absorption,
reflection or fluorescence of electromagnetic radiation of a predeterm ned
wavel engt h or range of wavel engths. 54. A system according to claim 37,
wherein the coded data identifies renptely stored information defining the
rel ative pYsiti ofSysson ssordigedy daianitawhercaithynunebeaplposnide piluesliaiwes 33 to 54,
wherein the interface surface includes a plurality of regions, the control
tags within each region include conmon coded data that is distinct from
the coded gata of control tags in at |east some other regions. 25 56. A
syst em accdr di ng FEIEhoBIEEdP clpndth whereip vwn regsespding oppef heessitie walyes,
print etD onhe chieol dafd @BIAS EreBEltf AC Buordshte AedNilaBiRRCEARGN DL prdidicihinbs
wherein the inte%face surface i s defined by papér or any other Elanar

c

and/ or | anaYaFIER Bpa: o waslenghs 1R aggredelsrngice GraicRgr lesschpes fengdhe wiesfapss 33
to 57, whengide upfiewkioligd celatoptabSarPhispdsed onto the interface surface by
nmeans of a printer. -67- 59. A system according to claim 33, wherein the
printer is an ink printer. 60. A systemaccording to claim59, wherein the
control tags are printed using ink that is 5 absorbent or reflective in
the ultravBol et /spgodnt uetoading heclhinf FANekr&RaRs padibicbiatucd IHES BERLAL E&RE iy
to clqﬁﬁ1%§HK%Q§r§tn Eh? priQteL alﬁ? Print& the textual information onto
the physi ¢ aii' d Unyd Lt relative absorption, refleciion or fluorescence of electromagnetic radiation of a

predetermined wavelength or range of wavelengths.

54, A system according to claim 37, wherein the coded data identifies remotely stored

information defining the relative position.

20
55. A system according to any one of claims 33 to 54, wherein the interface surface includes
a plurality of regions, the control tags within each region include common coded data that is
distinct from the coded data of control tags in at least some other regions.

25 56, A system according to any one of claim 33 to 55, wherein the interface is printed onto the

interface surface.

57. A system according to claim 56, wherein the interface surface is defined by paper or any

other planar and/or laminar substrate.

30

58. A system according to any one of claims 33 to 57, wherein the coded data is printed onto

the interface surface by means of a printer.



10 62. A systemaccording to claim®6l, wherein the textual information is
printed onto the physical surfaces using colored or nonochrone inks. 63. A
system according to claim62, wherein the textual information is printed
onto the physical surfaces using one of6Zhe followi ng conbinations of
colored inks: 15 CW; OCWK; CMYRGEB; and spot colour. 20 64. A system
according to any one of clains 33 to 63, wherein the coded data is di sposed
on the surface in a magnetically or electrically readable form 65. A

met hod acc®r di ngA swtanl @icond33 to vikier 38, whedad thd @mtofis qarihinprinsg. t he docunent
includes simultaneously printing the visible textual information and the
substantially invisible coded data 25 onto a substrate. 66. A system
according to claim6l, wherein the pritner is configured to simultaneously
print thelvi si bh eystexbeatdingnboraimt % whardth thheostsdgantd @idtad ismg sk lae is

coded dat ALt & rgﬂ@ﬁ%’ AR ultraviolet spectrum or the infrared spectrum.

61. A system according to claim 58, wherein the printer also prints the textual information

onto the physical surfaces.

10 62, A system according to claim 61, wherein the textual information is printed onto the

physical surfaces using colored or monochrome inks.

63. A system according to claim 62, wherein the textual information is printed onto the

physical surfaces using one of the following combinations of colored inks:
15 CMY;
CMYK;
CMYRGB; and

spot colour.

20 64 A system according to any one of claims 33 to 63, wherein the coded data is disposed on

the surface in a magnetically or electrically readable form.

65. A method according to claim 33, wherein the step of printing the document includes
simultaneously printing the visible textual information and the substantially invisible coded data

25  onto a substrate.

60, A system according to claim 61, wherein the pritner is configured to simultaneously print

the visible textual information and the substantially invisible coded data onto a substrate.



