1 | DENTI TY- CODED SURFACE W TH CODED MARKS FI ELD OF | NVENTI ON The present
invention relates generally to a nethod of defining a region in relation to
a surface, and to a region so defined. The invention has been devel oped
prinmarily to provide the basis for a surface-based interface which allows
a user to input and interact with information via a network, and to obtain
interactive printed matter on demand via high-speed networked color
printers. A though the invention wll;largely be described herein with
reference to this use, it will be appreciated that the invention is not
limted to use in this field. CO PENDI NG APPLI CATI ONS Vari ous net hods,

systenms and apparatus relating to the present invention are disclosed in
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of the present invention sinultaneously with the present application:
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2 The disclosures of these co-pending applications are incorporated herein
by cross BACKGROUND Presently, the majority of fornms for accepting input
froma user are either printed on paper or displayed on a conputer screen.
Wth a paper-based form the user wites information on the form by hand,
usually in spaces or boxes provided adjacent printed questions or
instructions. The information is later keyed into a conputer systemfor
online storage processing and storage.,Wth a screen-based form the user
enters information into the formvia a conputer keyboard. Both of these
approaches have di sadvantages. The screen-based approach is convenient to
the formrecipient, but requires that the user have access to a conputer
system By cont r dkt disdldverey ap dese bargedigpippiaiins erl cormoetpdi leed bherostser to
apply pen tRepRaper, but requires the formrecipient to wait for manual
delivery of the formand performdata entry of its content. OBJECT It is
an object of the present invention to conbi ne advantages of paper-based
forns and immediate online inforB&CkGRO@upture SUMVARY OF I NVENTION I n a
first aspect of nyent. on rOV|§ed are n defined in
relation to a su%’i‘esmtll ¥Emg8%ﬁb%éﬂm mmEt g areh ?@ﬁ“ﬁﬁ?ﬁ%“”?ﬁﬁe‘@@ﬂﬁh

wher ei n t he displebed onfatompiterstrerdeWith dm@rrbwd tharh, ahefugar wrifegl @fotrdtiyi @ghafnm regi on.

Pref erabl Yb ide ﬁ@ﬂ? dn dpta@ Srabees };rg@deri %Jﬂ?!eﬂtf prﬁ'&edl cﬁ@sﬁ&nsod?%sttr@tgib
preferred %g nh ere are  a plurality of tags that substanti ?I f|II t he
BEAR !

regi on. ateéﬁ%’f‘fi igp atcﬂ‘ép“ﬂ"’é@@‘ew TrWeétofaébPrﬁcﬁssﬁg &g stpsage- |V61§1I 2t0 each
ot her, butscadfrﬂaaebds'dxmnm& userf eh@Mitt@GStioh MidthP ottt dib b tompafer &yﬂmem BRWAMs. | n one

preferred SABANLIRM sl Al 95, A6, A0S LLONPS SLOSIPRUCAL ML D L he

region. In an alternative prefernen S are posi Torned“i’ ' a regular
array wi t HPqvireseat e giephrve pagesgtogecompricr sy @FltratShéle pwemsqd@pproaprh@me is

provi ded &eqﬁﬂéshmlséifto @5@@5&3&) Bﬂ)ela bt WofiRs e 1A YdeNEn@o HEOIPRanudl h&vélig%b od
|nclud|ngthE EF %?{} i nlng coded data, the coded data being
A ‘“’é%%‘??ta gent it

i ndi cative of~ $™§%sociated with the region; and a
plurality of points within the regldmchb) dlsp05|ng the coded data within

a region on the ﬁlrkragl%ﬁ]%ct of %} gfe&pt: 1¥ventiog i Q)glb}cné Qcﬁr%rl a%es ofrsgaep% asedafS eCt the

coded data takes the formo east one referre orn1 t here
a pl ural i tipmerfate gplineinfyanatiqasatant i al [y fill the regi on. NPTO11- SG

SUMMARY CF INVENTION

In a first aspect of the invention, there is provided a region defined in relation to a surface,
coded data being disposed within the region, wherein the coded data includes identity data for
identifying the region.

Preferably, the coded data takes the form of at least one tag, In a preferred form, there are
a plurality of tags that substantially fill the region.

Preferably, each of the tags within a region are identical to each other, but are distinct
from tags in a plurality of other regions.

In one preferred embodiment, the tags are positioned stochastically within the region. In
an alternative preferment, the tags are positioned in a regular array within the region.

In a second aspect of the invention, there is provided a method of producing a surface
having a region, the method including the steps of:
{(a) defining coded data, the coded data being indicative of:

a region identity associated with the region; and

a plurality of points within the region;
(b) disposing the coded data within a region on the surface

Preferably, in the first and second aspect, the coded data takes the form of at least one tag.

In a preferred form, there a plurality of the tags substantially fill the region.
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3 Preferably, each of the tags within a region are identical to each other,
but are distinct fromtags in a plurality of other regions. In a
particularly preferred form the tags are printed onto a surface in the
formof a piece of paper, and are configured to be read by a sensing
device in the formof an optical sensing stylus. The tags are preferably
printed using an ink that absorbs near infrared light but is substantially
invisible to a human viewer under normgl |ighting conditions. Wen a user
brings a sensing end of the stylus close to the surface, one or nore of
the tags are inmaged, interpreted and decoded to provide an indication of
the identity of the region fromwhich the tag was i maged. This information
can be used in &refratlyeraciodl thseésuvithivea/sgion ae lidadicrgo emhbthel it g dstimonput er

via inter aggdlﬁgs,ﬂﬁﬁgm;&mhgggﬁggﬁgr aspects of the invention will becone
apparent fromreadi agtt follow ng detail ed descrué)qtl on of preferred and

ot her enbodi nent CFllérIY RSPt {5, hegpgspre Popiathys oRhpREaY NS Pr ef er r ed
and ot her &maediankat sonbfurddhebd ladeiytaisaRingiidvice MaM¢ 16n daﬁaﬁticbeawmé)&ylwy of

non- lim tfk[égtaﬁmhgraﬁ£8¥m dus}ngfaaglgktehe a8 e bg%eaE'QH axaegq%lgq‘xkéﬁnl% WI ngs in

whi ch: Figure el atTons
printed n eltpEbjetoghpminvicwerringion porpe] dightingl eonditigns tWlsn a user lgmgsel séhsing engl oStheh e mat ic

view of a dt}ﬂs&l’o@eﬁt{) e Burhed Ulﬁ%ﬂm&le Bﬁﬁe{)@g%epﬁ&ed %té?ﬁ&t&%@de@&e@to%%wd@ fupet page
page serve ication server ure ustrates a
col | ecti on' %?a“ 85@% étg??isléer J@rﬁ%"i@‘ﬁf@‘@ "faﬁ’t“é‘geéoﬁh‘éﬁ’f"é'ﬁm% wnbe vied wor k;
Figure 4 i ig aaunsixahcé meeful waywiiediog coatrdliinghacorsprel visintetactiviitlema@ts. a printed net page
and its online PRGRer a%éggijtﬁétlh‘gﬁhon E}gpc}égo%lesa a§3ntafr091 r@‘ara Vlth%\%llowmg detﬂ% c?

Showi Wi ng a relationship

structure of a_ netpage tag; ure IS a plan view s
bet ween a &&tirHp ofH; erfeé@%doélﬁ odimentsiofy fhe Bvetiepnd a fi el d of view of a
net page sensing device in themaFmggcmpneNmmmmgsFl gure 7 is a

flowchart of a 't i rocessin eco gorithm Figure 8 is a
per spective vi ew}a%? ga a%g e emboalgﬁmgﬂ%ﬂ? ‘E“éeméf’é'%@?“é‘fa@diei‘;ﬁ'@eds@ &y Rgron-

fiel d-of - Vindingcemel OﬂFlgmr@erQwMStl:aa@am@pmgtdrmgenp\hlﬁmled_ vi ew of the netpage
pen shown Fl%ll’ﬁ QUrseheBinticdrd lt“c%elgtgnéhﬁ b@w%&haeéIEInE Bmgé ag%'ggg,h Ofepag pen

controller for the netpage pen shown in Figures is a
per spect i VESUPE% of a wal | - nount ed netpage printer: Figure 12 is a section

through t Hagukenig fehaifatié View sratipagQodYeiwdiei ne@ige Eénguﬁeqaagelpmta YhtiReelR@ 1S an

enl ar ged f _Fi 12 shovm ng a section of the dupl exed print
psglj;lér aﬁ@ ag € a?}lijllca 1011

engi nes an e y,

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

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

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

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

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

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

Figure 10 is a schematic block diagram of a pen controller for the netpage pen shown in Figures 8 and
9;

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

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

Figure I2a is an enlarged portion of Figure 12 showing a section of the duplexed print engines and
glue wheel assembly;

Figure 13 is a detailed view of the ink cartridge, ink, air and glue paths, and print engines of the
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Figure 13 is a detailed view of the ink cartridge, ink, air and gl ue paths,
and print engines of the NPT011l-SG 4 netpage printer of Figures 11 and 12;
Figure 14 is a schematic bl ock diagramof a printer controller for the

net page printer shown in Figures 11 and 12; Figure 15 is a schematic bl ock
di agram of dupl exed print engine controllers and Menjet[err] printheads
associated with the printer controller shown in Figure 14; Figure 16 is a
schemati c bl ock diagram of the print epgine controller shown in Figures 14
and 15; Figure 17 is a perspective view of a single MenjetTM printing

el ement, as used in, for exanple, the netpage printer of Figures 10 to 12;
Figure 18 is a perspective view of a small part of an array of Men et TM
printing ehemenmrigier EFigurel 1281 i2s a series of perspective views illustrating
t he oper at Fipge fi6h @n@faid higx wﬁg&ﬁw\éﬂ% Qbibong for%e%&ﬁagg pRRWwh [ (ﬁ&y re 13;

Fi gure 20 %ﬁg erspective view of ‘a short segment a pagew Menj et TM
print head; 5£re 21 is a schematic view of a user class di agram Figure

22 i s a schHanatdica sha@wtiofloodk dﬁ@hﬁbﬂfupl@)lea§ﬁnt ehio@@ baaibllersh OMEReBCprinfhedds

schematic yj gure 24 is a schematic view of an
appl|cat|on(§m%§gl3hdxmw“m%ﬁ%mﬁ%e % schematic view of a document and
page descr¥ipié Bris aickeystichilal diagpm Oﬂﬂnegmlt@n@@ cpgrofer stohve figuess ¥ @i Hf a
docurment mgrpmgagmb%&@bmpwgk9§1$g1edﬂ493g5tamm%ﬁe%& £ b d%n For ,gaga%ﬂ%é c view
of a termnal elenent specialization class diagran |gure a
schemat i ¢ RFPYHPORCreiEEYES 1€ ‘el%enent special i zation class diagram Figure 29
i s a schenmgircisuvi @Mspa‘cu@ viRWREH dnlal Kar€dreNBAY o AFS™GHAGE Bhenfs] gUre 30 is a
schematic yiew of a rlink elene t specialization class dlagran1 Figure
31 is a schéfatd & a\?f’r? SRR i [']I‘Rtﬁangg@‘b??ﬁra&‘?ga‘é’%le 8 ByMamet " EPitire 32 is a
schemat i c aldnew shdwndn Figran3cl ass diagram Figure 33 is a schematic view of a
digital i i E " wof a field el enent
speC|aI|zg¥?§n C%l%h&%pggkgﬁ¥gﬁgﬁﬁ:mal@gp%% gggg g PlghV$GMIOf a checkbox
field cl as%g“dﬁl?dgsraaﬁﬂ#ﬂnﬁfcgwwf@,wq@S@@@menat| c view of a text field class

di agram ‘f@ggm%5§&dmh&h§&@§ﬂ§&*gwgaﬁghgf a signature field class di agram

Figure 38 f hart . of _an i nput processing algorithm Figure 3 8ais a
det ai | ed fl% %ﬁ?ﬁésratsc Flatlfr’(é@wé’f%ben(%]lagfjﬁ%m’in’l owchart of Figure 38;

Figure 24 is a schematic view of an application class diagrarm;

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

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

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

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

Figure 34 is a schematic view of a field element specialization class diagram;
Figure 335 is a schematic view of a checkbox field class diagram;

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

Figure 37 is a schematic view of a signature field class diagram;

Figure 38 is a flowchart of an input processing algorithm;

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

Figure 41 is a schematic view of a favorites list class diagram;
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Figure 39 is a schematic view of a page server command el enent cl ass
diagram Figure 40 is a schematic view of a resource description class
diagram Figure 41 is a schematic view of a favorites list class diagram
NPTO011-SG 5 Figure 42 is a schematic view of a history |list class diagram
Figure 43 is a schematic view of a subscription delivery protocol; Figure
44 is a schematic view of a hyperlink request class diagram Figure 45 is
a schematic view of a hyperlink activation protocol; Figure 46 is a
schematic view of a form subm ssion protocol; Figure 47 is a schenmatic
view of a conmm ssion paynent protocol; Figure 48 is a schematic view of a
set of radial wedges nmaking up a synbol; Figure 49 is a schematic view of
a ring A abee25ynsbimagd vigvcd e higprydistislesraliagraiRi gure 50 is a schematic view of
a first ringlr&ﬁﬂﬂscﬁénﬁumof@Ldb%n'Eﬁoin@aiv%B%{EEdt; Figure 51 is a schematic
view of a secopd rigegm%vﬁnd D, synbol allocation schene; Figure 52 is a

a

schemati c VEERW 2 % N APPPRE BHER A 99 §ur e 53 is a perspective view
of an i cosEpedts0sd schemguirdewbf a hpedinipetiapegkdtacel; vi ew of an i cosahedr al

geodesi ¢ Wikl [iEAURRGY. Fov or kAN LBnRSod BudofChemati c view of a mi nimum tag
56 0 m

spaci ng; Figure I's a schematic view a’'m nimumtag spaci ng which

avoi ds ovePPupt? is Fekpmpids v of 3 comnygsive paymprt pieloealy of a first tag insertion
case; Fi gurigud8 i &c@mswwmifhgqtyﬂrﬁiﬁleéqg@nﬁﬁiﬁgmsmg nsertion case; Figure
59 is a sclg}%eurrreaigl.casvlgeev%iof aolft hi rlggltg%gs |l?r%)?§%t|.8un ]iclzeas_e, Figure 60 is a
schematic View of" & FourtH ¢ ags 7D PEmEgire 61 is a schematic
view of a Fpmnei@yisiaeqqltea@ﬁiocyﬁwwr@hﬁttsﬁﬁnecmtndlasmblfaa@eﬁonscFBbx_ga;re. 62 is a schematic
view of a IE&EEﬂ'ié&!@he&%&ése@nﬁ%gecQﬁﬂ%m@olﬁi%@ﬁi@?&he view of a pen roll

geonetry; Figure 64 is a schenmatic view of a pen coordi hate space show ng
physi cal dn# Pt Latematicriewsf 2 diagsular tae PPz e 65 is a schematic view of a
curved ni Fig@omseddpeispdetivgtie® ofh idoSahar&E hemati ¢ vi ew of an interaction

bet ween s N frequency apd.tag freguency: . Figure 67 is a table
cont ai ni ng_ (‘L:]éu%?ﬁ ad’ﬁlg&ﬁtﬁvr?t‘)’e‘r"é)daniwf oe‘{[ad?&g?sﬁtﬁ%ﬁ@eﬁg%&a tabl e contai ning
equat i ons Herrd isegschpmaticyiep®f a miaimyorteg s6@ing:s a t abl e cont ai ni ng equati ons

?ungzred Hlgut 628 schefb@WeS of PminSnudh theAPlcie GRIOE ALRI RPuHAvat i ons nunbered 27
o 34;

Tigure 57 is a schematic view of a first tag insertion case;

Figure 58 is a schematic view of a second tag insertion case;

Figure 59 is a schematic view of a third tag insertion case;

Figure 60 is a schematic view of a fourth tag insertion case;

Figure 61 is a schematic view of a pen orientation relative to a surface;

Figure 62 is a schematic view of a pen pitch geometry;

Figure 63 is a schematic view of a pen roll geometry;

Figure 64 is a schematic view of a pen coordinate space showing physical and optical axes of a pen;
Figure 65 is a schematic view of a curved nib geometry;

Figure 66 is a schematic view of an interaction between sampling frequency and tag frequency;
Figure 67 is a table containing equations numbered 1 to 10;

Figure 68 is a table containing equations numbered 11 to 20;

Figure 69 is a table containing equations numbered 21 to 26;

Figure 70 is a table containing equations numbered 27 to 34;

Figure 71 is a table containing equations numbered 35 to 41;

Figure 72 is a table containing equations numbered 42 to 44;

Figure 73 is a table containing equations numbered 45 to 47;

Figure 74 is a table containing equations numbered 48§ to 51;

Tigure 75 is a table containing equations numbered 52 to 54;
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Figure 71 is a table containing equations nunbered 35 to 41; Figure 72 is
a tabl e containing equations nunbered 42 to 44; Figure 73 is a table
cont ai ni ng equations nunbered 45 to 47; Figure 74 is a table containing
equations nunbered 48 to 51; Figure 75 is a table containing equations
nunbered 52 to 54; NPTO011-SG 6 Figure 76 is a table containing equations
nunbered 55 to 57; Figure 77 is a table containing equations nunbered 58
to 59; Figure 78 is a table containing equations nunbered 60 to 63;
Figure 79 is a table containing equations nunbered 64 to 74; Figure 80 is
a table containing equations nunbered 75 to 86; Figure 81 is a table
contai ni ng_equations nunbered 87 to 99; Figure 82 is a table containing
equat i ons TgHb&rigttalo@uping qqpationPiupbired B 376 a t abl e cont ai ni ng equati ons

nunber ed 1ikgucd 97 id2@ble coltla Mk Euibnd SmBertadBlsoc0Nt @i Ni ng equat i ons nunber ed
121 to 129, Figure 85 is a table contaj nitog(g_a set of degenerate forns of
r

equat i ons BETE 6 AP EFOYEPEe gRatiogs nympere t of a table containing

condi t i onsFigne79speshlatonhiaingtqungnd mmbaersa tpidt ch and zero roll; and Figure
87 is a thg,seqand.Naltiadhe LS hakhe.Qf skl gure 86. DETAILED DESCRI PTI ON OF
PREFERRED ARD OTHER EVBOD %/E%T@ No?eé%?gd BETMIS a trade mark of

Si | ver br oolemel dgt teite ppipinpg guatispeumbigds? 1999; t he preferred enbodi ment, the

i nventi on Figwr&£nn{ 4 @il @i WRkendMulaberddn@o RG Page net wor ked conput er
system a I_ollet vervi e It will be appreciated that

i.l.ed w of . which follo
not every %‘Hneg}?ésrfetﬁ'g%ctof]%’ﬁm%\ﬁ%uoﬂse%@Eeéegrlil#V\qg%ody all or even nost of the
speci fi c detuad §49s minde @rtbiens ¢quridns rdinseddged 128l ow in relation to the basic
system HOMBVESsis £ e SHSHBE deBordESRtddi6s bitghdigns WPt cOMPl ete  form to

reduce the_need for external reference when attenpting to understand the
cont ext i nFHAT 86 £ At Papobt ble entaising Senditeritaad whdh! depbinstier 2o pitthand pess ent
i nventi on opafdte. In brief summary, the preferred form of the netpage

system er’rpéi%gswa}sac nput e mioﬁﬁlg{aglag&i ie%t he form of a napped surface, that
is, a physi Al sUrt ace I'Ch contai 115 references to a map of the surface

mai nt ai ned i n XEIOHFRRESGRIBTIOM OFTPREFRRREDAND OfHER EMBOMMENTS®ri ed by an

appropri atige: SRARIAG A48 nefk of DERBAML RELHRP, AQusRREI fi C i npl ement ati on,
the map references_may _be encoded visibly ‘or invisibly, and defined in
such a way that % ho@sferglapsedfmy e imepisads somieyed oy vak qath 4h¢ neimegmrbi guous
map ref er erverkbdtdmpuiet yitem, tah @D vanidw afrehigh tlifwsel Al bd BPLciadd@aGRPUL er

systemc arlevery implementation will necessarily embody all or even most of the specific details and extensions

discussed below in relation to the basic system. However, the system is described in its most complete
form to reduce the need for external reference when attempting to understand the context in which the
preferred embodiments and aspects of the present invention operate.

In brief summary, the preferred form of the netpage system employs a computer interface
in the form of a mapped surface, that is, a physical surface which contains references to a map of the
surface maintained in a computer system. The map references can be queried by an appropriate
sensing device. Depending upon the specific implementation, the map references may be encoded
visibly or invisibly, and defined in such a way that a local query on the mapped surface yields an
unambiguous map reference both within the map and among different maps. The computer system can
contain information about features on the mapped surface, and such information can be retrieved
based on map references supplied by a sensing device used with the mapped surface. The information
thus retrieved can take the form of actions which are initiated by the computer system on behalf of the
operator in response to the operator’s interaction with the surface features.

In its preferred form, the netpage system relies on the production of, and human
interaction with, netpages. These are pages of text, graphics and images printed on ordinary paper, but

which work like interactive web pages. Information is encoded on each page using ink which is
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contain information about features on the mapped surface, and such
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newspapers, magazines, catalogs brochures and other publications, all printed at high quality as

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

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

As shown in Figure 2, the netpage pen 101 interacts with the coded data on a printed
netpage 1 and communicates, via a short-range radio link 9, the interaction to a netpage printer. The
printer 601 sends the interaction to the relevant netpage page server 10 for interpretation. In

appropriate circumstances, the page server sends a corresponding message to application computer
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of the family. This allows each user to maintain a distinct profile with respect to a netpage publication
server or application server.

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

Although a netpage printer may deliver periodicals such as the morning newspaper without
user intervention, it can be configured never to deliver unsolicited junk mail. In its preferred form, it

only delivers periodicals from subscribed or otherwise authorized sources. In this respect, the netpage
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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.

1.1 NETPAGES

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

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

surface to be simultaneously captured and processed by the netpage system.
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t he page description, the page instance, and the printed netpage
and, if knbwn, the netpage user who requested it.

1.2 NETPAGE TAGS
1.21 Tag Data Content

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

As will be more clearly explained below, in a preferred embodiment, each tag contains an
easily recognized invariant structure which aids initial detection, and which assists in minimizing the
effect of any warp induced by the surface or by the sensing process. The tags preferably tile the entire
page, and are sufficiently small and densely arranged that the pen can reliably image at least one tag

even on a single click on the page. It is important that the pen recognize the page ID and position on
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is showmn in Figure 4. The page instance is associated with both the netpage
printer which printed it and, if known, the netpage user who requested it.
1.2 NETPAGE TAGS 1.2.1 Tag Data Content In a preferred form each tag
identifies the region in which it appears, and the |ocation of that tag
within the region. Atag may al so contain flags which relate to the region
as a whole or to the tag. One or nore flag bits may, for exanple, signal a
tag sensing device to provide feedback; indicative of a function associ ated
with the imedi ate area of the tag, wi thout the sensing device having to
refer to a description of the region. A netpage pen may, for exanple,
illumnate an "active area" LED when in the zone of a hyperlink. As wll
be nore cleayliyerssipl vdihteagadsedimoahe inmragtiopisefelessed enbodi nent, each tag
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detection, and which assists in mnimzing t any warp i nduced
by the suri4ée f?ﬂont!;? efcRgrd Suhs s tlﬁfﬂ&&e%sonmé%ﬂa@spaﬁ@fwh&ww opwhigh t he
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11 every |Wm@wa@ﬂm@mmmN?hmﬂh@ﬂpdgmﬁﬂbmmgnghémwmteract|on |s stateless I n
a preferregppeslident, the region to which a tag refers coincides with an

entire pag coded in the tag is therefore synonynous
with the dageFiel of |t HEegIsigB Rit$) whi ch the tag appears. In ot her

enbodlnentﬂeg&he redioen to which @ tag refers can be an arbitrary subregion
of a page et Hlnb. sHrFace—For—exanple, it can coincide with the zone of
an interacF*be elenetﬁ, in which|case the region ID can directly identify
the intergdegsve el enent. Table 1. |Tag data Fiel dPrecision (bits) Region

| D, 100 Tadrd: U0 rach tag contains 120 bits of information,
typically ocated las shown in _Table 1. Assuming a maxi numtag density of
64 per square inch, a 16-bit tag ID supports a region size of up to 1024

squar e inches. LQ&QQ&;&%Qh@ﬁﬁ)Gﬁﬁdﬂﬁ&ﬁﬁﬁ&ﬁ@mﬁgﬂlaBH&H§$¥mM%HHQHHeanreas'ng
the tag ID precision sinp usi ng abuftin ions and maps. The

100- bi t r eGP BH"S T AITEE dsztsy ﬂ(f%tb% sqypre ipch, 4l p- Pl? %I PROTY DRSS P81
di fferent regis@as ihdesh®argdiregicd Yan embipbd edhtinuously without increasing the tag ID

precision simply by using abutting regions and maps. The 100-bit region ID allows 2'® (~10°° or a
million triilion trillion) different regions to be uniquely identified.
1.2.2 Tag Data Encoding

The 120 bits of tag data are redundantly encoded using a (15, 5) Reed-Solomon code. This
yields 360 encoded bits consisting of 6 codewords of 15 4-bit symbols each. The (15, 5) code allows
up to 5 symbol errors to be corrected per codeword, i.e. it is tolerant of a symbol error rate of up to
33% per codeword.

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

1.23 Physical Tag Structure

The physical representation of the tag, shown in Figure 5, includes fixed target structures
15, 16, 17 and variable data areas 18. The fixed target structures allow a sensing device such as the
netpage pen to detect the tag and infer its three-dimensional orientation relative to the sensor. The
data areas contain representations of the individual bits of the encoded tag data.

To achieve proper tag reproduction, the tag is rendered at a resolution of 256x256 dots.
NPTOM1-8SG



1.2.2 Tag Data Encoding The 120 bits of tag data are redundantly encoded
using a (15, 5) Reed-Sol onon code. This vyields 360 encoded bits consisting
of 6 codewords of 15 4-bit synbols each. The (15, 5) code allows up to 5
synbol errors to be corrected per codeword, i.e. it is tolerant of a synbo
error rate of up to 33% per codeword. Each 4-bit synbol is represented in
a spatially coherent way in the tag, and the synbols of the six codewords
are interleaved spatially within the tjgag. This ensures that a burst error
(an error affecting nmultiple spatially adjacent bits) damages a m ni num
nunber of synbols overall and a m ni num nunber of synbols in any one
codeword, thus maxim sing the likelihood that the burst error can be fully
correct ed. When2riged J &i0clats peFagh Sisryisk o e wihedipieyes picadut # epr sgkinteafition of t he
t ag1 S hownthé Qg F 'dgérgngd 15 he Eu?x%llddg(ﬁ% f"q?fx@t%etd’agfgﬁﬁusﬁg Y tSlezeetﬁe qu:lé are;;@ ’alsﬁl7 and

vari abl e data areas I xéd target structures | ow a sensi ng device
such as t h¥n ?dp?éi@‘@acﬁ‘éﬁ‘g‘t 6‘”&]&?@&%6 dofs ‘f“faﬁfe%{ﬁﬁdli@ﬁ‘eéﬁfq“’c%g t hr ee- di nensi onal
orientation rel atrha/tsg ihdudbdex 15890 SiEturest B @ctecH@irig 35; @ASrcG@Ih AtiNafz@ 68Nt at i ons
of the indivi %1 LD ers? the encoded tag data. To achi eve proper tag
reproducti on f’ IS 'rendered at a resolution of 256x256 dots.
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data symbol i is represented by an array 5 1 8 of 2x2 wedges 510, as best shown in Figure 48,

The 15 4-bit data symbols of each of the six codewords are allocated to the four concentric
symbol rings 18a to 18d, shown in Figure 5, in interleaved fashion as shown in Figures 49 to 51.
Symbols of first to sixth codewords 520-525 are allocated alternately in circular progression around
the tag.

The interleaving is designed to maximise the average spatial distance between any two
symbols of the same codeword.

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

Assuming a circular tag shape, the minimum diameter of the sensor field of view is

obtained when the tags are tiled on a equilateral triangular grid, as shown in Figure 6.
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represented by a radial wedge 510 in the formof an area bounded by two
radial lines 512, a radially inner arc 514 and a radially outer arc 516.
Each wedge 510 has a m ni mum di nension of 8 dots at 1600 dpi and is
designed so that its base (i.e. its inner are 514), is at |least equal to
this mninmum dinmension. The radial height of the wedge 510 is al ways equal
to the m ni num di nension. Each 4-bit data synbol is represented by an
array 518 of 2x2 wedges 510, as best sfjown in Figure 48. The 15 4-bit data
synbol s of each of the six codewords are allocated to the four concentric
synbol rings 18a to 18d, shown in Figure 5, in interleaved fashion as shown
in Figures 49 to 51. Synbols of first to sixth codewords 520-525 are

al | ocat ed &R#er ndegInyagerPresessingand Peoglissi on around the tag. The

[ nter| eaving i dechoss hA-aKhTuats G AKEIAA% SRR AL SLRNGR el veen

any two synbols of the same co ewor In order to ort "si ng
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ere int 1.on_or at .o OSItIOI’l The require
et er of B P T A SRR mE e PR e
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shape, therﬁé‘sﬂéQQHQbIQHRE&VShéBEISEQ@c %?B&Pr field of viewis obtained when
the tags are tiled on a equil ateral rlagﬁatlar grid, as shown in Figure 6.
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perspective distortion can hide the axis target’s axis. The axis target’s original rotation provides a
useful approximation of the tag’s rotation due to pen yaw 29.

The four perspective target structures 17 are the last to be located (at 30). Good estimates
of their positions are computed based on their known spatial relationships to the ring and axis targets,
the aspect and rotation of the ring, and the rotation of the axis, Matching proceeds by applying the
ring’s normalizations to each shape’s moments. Once their second-order moments are normalized the
circular perspective targets are easy to recognize, and the target closest to each estimated position is
taken as a maich. The original centroids of the four perspective targets are then taken to be the
perspective-distorted corners 31 of a square of known size in tag space, and an eight-degree-of-
freedom perspective transform 33 is inferred (at 32) based on solving the well-understood equations
relating the four tag-space and image-space point pairs.

The inferred tag-space to image-space perspective transform is used to project (at 36) each

known data bit position in tag space into image space where the real-valued position is used to
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The axis target structure 16 is the next to be located (at 28). Matching
proceeds by applying the ring's normalizations to each shape's nonents,

and rotation-normalizing the resulting nonments. Once its second-order
nonents are nornmalized the axis target is easily recognized. Note that one
third order noment is required to di sanbiguate the two possible
orientations of the axis. The shape is deliberately skewed to one side to
make this possible. Note also that it ,,s only possible to
rotation-normalize the axis target after it has had the ring's
normal i zati ons applied, since the perspective distortion can hide the axis
target's axis. The axis target's original rotation provides a useful
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position is USedTﬁ@obtJﬂPIQa%ha%@nékébte@'tﬂe'1 %lo\f ﬂle%ﬁénoa,héﬁlﬁg (ﬂ@ttaé@d hdre four

rel evant adjace pi xels in the input ing he previously nFuted i mge
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37. Once ahd o@6Gl diadtaiob Bt of ¢ phavethdenfirrabtai4) demi the pémp&tlmyansfeﬂckﬁ of the

six 60-bit ggy\gg 20 .,decoded
bits 39, Ob %%gm(lj@%o ggﬂjfl) ts Et'?l glie% o C%g’%gn t&%%en%ﬁ?éymﬁ é’yrﬁ)ol s are
sanpl ed i rPPE@H@%ord order, so that codewor ds are inplicit I y de- i nterl eaved

during therzanpl ragmps ocess. The ring target 15 is only sought in a subarea

of the imge Wno?) eI at i onlg to the guarant ees that the ring, if
found, is part of RURHHPEEFES (raeeipy a(‘:agﬁﬁ’l Bf & AR S PR SEnsfogm R d
successf ulthytagl @2 eatedls tafhdmivaipenpeatiqpasi bd Gaslatel in@corabkeliteflantidnhahmuhie ent
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cont ai ni ngalatgheumgmaﬂﬂxghrtaez am&bfmmtp@gephﬁta cta&gha‘@ﬂaltnm n the region. An

accurate positi On 35ma8freﬂeg thg eme usedl tg tllte % s{u%ge reglbn wﬂ: tags, and %JS can vary
according to surface type. When multiple tagged regions share the same tiling scheme and the same
tag numbering scheme, they can also share the same tag map.

The tag map for a region must be retrievable via the region 1D. Thus, given a region ID, a
tag ID and a pen transform, the tag map can be retrieved, the tag ID can be translated into an absolute
tag location within the region, and the tag-relative pen location can be added to the tag location to
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 structure

described earlier in this section. The preferred coding scheme uses “location-indicating” tags as

already discussed. An alternative coding scheme uses object-indicating tags.

A location-indicating tag contains a tag 1D which, when translated through the tag map
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the overall orientation 35 of the pen, is then inferred (at 34) fromthe
perspective transform 33 observed on the tag and the known spati al

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

| ocation can be translated into an absolute | ocation within the tagged
region, the location of the tag withinsthe region nust be known. This is
given by a tag map, a function which nmaps each tag IDin a tagged region
to a corresponding |location. The tag map class diagramis shown in Figure
22, as part of the netpage printer class diagram A tag map reflects the
schene usedsdtigied witle the rgeglurdiac gicldeg ioque Wigt Ibcatiaggithinathel regibm. SThe gep-rataivy/

accor di ng IBQUM}YE}@?& it Y& to }Mm 15@441&1'“93,1&1 2GRt SR pgmﬂéfw@ e fyoame

tiling schenme and samne ag nunbering schene, they can also share the
same tag nBp™ PHEeds §orripe flﬁrl"cé“oflé@fhéﬁe“rﬁ]é‘ﬂ"elﬁ%a B3 Pfeéf\‘ﬁablle’ée“\t/ ingthe piee r egi on
| D. Thus, @kc\fiﬁﬁbn&ssbcﬁ@dd&ﬂthh@, reglon. NaGonlyls @B EsedinReive teleRBS fr@ifMAeniRRe, ugg Map can

be retrleved nbetr nsla nto a bsoue ocation
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Taggi ng Schenes TuQuditstdchit SHEdhAGS aq%mgvmfaﬁéﬁags léﬁtﬁaepfa ddtgLess ., both
of which use the tag structure described earlier 1n this section. The

preferred THEHNY ﬂ?c‘ﬁ‘%%ﬁesﬁ’é?g‘? aspogiaist MHh ﬂF e Catl by agsaig dheaone off Pouyy
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| ocati on-i L 4300w hen trs nslaat ed through
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tag | ocat iRsf- Wey He. owdver farpriahs. Caﬁfweofaa@bft“@lpmﬁaﬂje% e tieppsitsh stppdingen i s

added to tﬂHq@en&}a&cée@sC@ﬁdeQﬁb sn@ouwmedl &gtﬂ%@wh@ca& la8Racehent REm RAH sapiplelipkh t he
region. This. in turn is ne the | ocation of the pen relative

to a user ﬁoﬁ?@rt?tgﬁlée’“e‘f‘g‘%ﬁ’tm ﬁant%ﬁgnaﬁ‘g’é'é"“ﬂ@ée@?’fl‘?ﬁltl on associated with the
regi on. Not onl yAssemd hempi@rwavéidngthfoEeane b egenvelénth of £ , wille atdddibetlp aput a
| ocation rglati int.e eeI

Locati on= |(f11. ecavﬁ#soformo% cemeqof’)}rms rle\?ip ?B? neo'sE(lr’?ge?l?lﬁeEBégp ¥ of an
absol ute pen pat hssmnslmheamglscbﬁldé@acparttmIeiaﬂlmhlmb@redmﬁ(b‘ﬂf ace elenent. An
obj ect -i ndi cat i Ngnd.a%) AABHALRSES 38,36 akddn¥dh & Wl ﬁfid hd Eé‘i@h&ﬁhﬁ‘s’%beﬁ user

interface  elenent in the page description associated wth the region. Al
the tags iPForse %PFé’h?)“Fe‘f'iIT%fe Ore pambigpqup 2 sited. o] epent i dentify the user
i nterface el enenthe 1I]i&kitiag it g &b khoivel e tagsajooaﬂda bhanedhasal stroke of six

I ndi sti ngu!ax%r]gl g%sglo u ! e h nglsilgqﬁj I.’,ér_qusm%% ahaSﬁs g'é}qtdf tﬁehsgrl;lqg gcl;s? tp BOI‘t the

capture of an owever, 10Itlshe capture of
arelati v@hwnFrpampecm iIf dﬁglsalscﬂfrhe Opnsmplp gwtlsrampllq rrfrg is ls, then the distance

from a sample position to the alias of the next sample position exceeds Ag.

If the tag wavelength Aris 4.7 mum, as discussed in earlier, then the sampling wavelength
kg must be less than 2.35 mm. If the temporal sampling frequency is 100 Hz as required for accurate
handwriting recognition, then the pen speed must be iess than 235 mm/s to satisfy EQ 38.

With either tagging scheme, the tags function in cooperation with associated visual
elements on the netpage as user interactive elements in that a user can interact with the printed page
using an appropriate sensing device in order for tag data to be read by the sensing device and for an
appropriate response to be generated in the netpage system.

1.3 DOCUMENT AND PAGE DESCRIPTIONS

A preferred embodiment of a document and page description class diagram is shown in

Figures 25 and 26.

In the netpage system a document is described at three levels. At the most abstract level
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frequency exceeds twi ce the encountered tag frequency, the displacenent
fromone sanpled pen position to the next wwthin a stroke can be

unanbi guously determ ned. Assunme a sanpling wavel ength of 2s and a tag
wavel ength of 2 T, with a relationship as defined in EQ 38. For two

adj acent position sanmples Pi and P; _ 1, one of EQ 39 and EQ 40 will hold.
Assum ng both equations hold | eads to the relationship defined in EQ 41.
Since EQ 41 contradicts EQ 38, the assynption that both EQ 39 and EQ 40
hol d must be incorrect, and the choice is therefore unanbi guous, as
stated. The illustration in Figure 60 shows four tags 500 and a

one-di nensi onal stroke of six sanple positions 582 which satisfy EQ 38.
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docunent and page description class di agr am ures 25 and 26.
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page instance 838 dvambe iserefYedrsppdy @b &myatfd domuhapipe. leenptivw @d sé¢thf ough

other i nsgﬁgacﬁﬁm@efs 836, Rn %@%clpéﬂ'@spgxﬁ§ & d Pd Qcripddles RN SERERdQbcdrldft. MOST
abstract cunent escr| ption on th 1€ page Sserver allows a user to
Each page instance 830 describes a single unique printed netpage 1, and records the page ID 50 of the

netpage. A page instance is not part of a document instance if it represents a copy of a page requested
in isolation.
' A page instance consists of a set of terminal element instances 832. An eletment instance
only exists if it records instance-specific information. Thus, a hyperlink instance exists for a hyperlink
element because it records a transaction 1D 55 which is specific to the page instance, and a field
instance exists for a field element because it records input specific to the page instance. An element
instance does not exist, however, for static elements such as textflows.

A terminal element can be a static element 843, a hyperlink element 844, a field element
845 or a page server command element 846, as shown in Figure 27. A static element 843 can be a
style element 847 with an associated style object 854, a textflow element 848 with an associated
styled text object 855, an image element 849 with an associated image element 856, a graphic element
€50 with an associated graphic object 857, a video clip element 851 with an associated video clip

object 858, an audio clip element 852 with an associated audio clip object 859, or a script element
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request a copy of a document without being forced to accept the source
docunent's specific format. The user nmay be requesting a copy through a
printer with a different page size, for exanple. Conversely, the presence
of the formatted docunent description on the page server allows the page
server to efficiently interpret user actions on a particular printed page.
A formatted docunent 834 consists of a set of formatted page descriptions
5, each of which consists of a set of;formatted term nal el enents 835.
Each formatted el ement has a spatial extent or zone 58 on the page. This
defines the active area of input elenents such as hyperlinks and i nput
fields. A docunent instance 831 corresponds to a formatted docunent 834. It
consi sts 0§53 witk @t asofiatedrage objas $@nce®w8 3Figuezk8h of whi ch corresponds to a
page description r - t e

descri bes a si ngﬁﬁpagé;l|mgt£}Ee fh%l {lrtg%%&%g?(ﬁgﬁgg ?%51}1 al%gdc%%gcgrdt %2 %ggle D 50 of
the net pagRuredo ‘ﬂ‘é‘t"é%@oﬁa@’hh@?Smag?mﬁi’felaﬂe&bcumnt instance if it

represents a copy t@a‘praer&agﬂmbaﬁmh@d a thmdpS0! BbdsCUlted Vit 2PRpdoNHEtARE €
consi sts of set 0O i nstances 832. An el enent instance

only exist'&*1¥ §8 °p ec%argeté’ e&%nflﬁtﬁ‘@goéoﬁ%i?ﬁm “PHor mati on. Thus, a hyperlink
i nstance ekfsts T NeTPhSENATIVORK el enent because it records a transaction

I D 55 which is spaGidia ngbohm@mpﬁ%ageqaaa{as&ms@&q dgmfbht@d & ofh ga;;gee exi sts

for a field el enent because It records I nput specific to ge'I nstance.
An el ementserver Q- AEeee desdshatiop perggy Y netny -“éf"“'fsflérne?ﬁgétal’lﬂm@l%?ﬁé“fﬁssl3s uch as
t ext f | ows. neBadeqiublichith sehv@TEN aindC@kpagrepritteStcdl cometed RNt neBrbdk 18Bsubly @ahd | nk

el enent 8|4:[ﬂ'fem f| eld. elJ ement 845 or a page server command el enment 846, as
shown in atic el enent 843 can be a style element 847 with
an associ at ed st ?heelembgeewsﬂaﬁn serger fl it afstrony whick reeands 84t®nshivs hetegen associ at ed

styled tewewphﬁ&; aﬁﬁéamﬁsnanu PRRaBhe FRINher&d AuitbrlB BH0RS$SRGBE R il TRIE
el enent 856 ic element 850 with an _associ at ed graphi c_object 857,

a video cl?® e”élr’ o gshac i aws%%.%t‘&aaw fradenticytss us%jnéélfp Hegen  an
audi o cl i praedagiven(t a8b Drowidéshhadtvridsseddt@desidd] 8s &bdnbeddbpxepi nchg: pagd a

script el E}tlo nygll_gilaeé&m} zlfo%%zﬁloxmagoﬁt fgge c%gc%giﬁ In?&n%%ag%fms cas ggge t 860 as

shown in ure e 1 nstance grou Chis
used to re‘@%‘fod‘%{-‘ﬁiﬁe%ﬁ%i‘ pr of piee sevept eelcldnding ¢ fbsepefgescvittiandss dsesa met appl y

to a specishivér atsH Ridnab @sl%BiElﬁut valits §dd @ach hBE &lstafd, MOt as hbifach PN det, a tag
map 811 i s assaci ated w e instance to allow tags on the page to

be transl d8ECi RS HELal tgﬁgppb‘ﬁ“{)% AR SPET e pagrEVRIETEREE RETBARY n a
pr ef er r ed relatye di thestescriptan nBbhpagepmdingpiek consi sts of a distributed set of

net page page Sejpvgfs, e]'I%’ sePEt P?Ql?oo!t&gdoﬁhxgg:t RS 1S&! ¥eghd, T pHRILGAE. | D
servers 12, netpage application servers
balancmg of page servers via its ID allocation scheme.

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

A netpage application server 13 is a server which hosts interactive netpage applications. A
netpage publication server 14 is an application server which publishes netpage documents to netpage
printers. They are described in detail in Section 2.

Netpage servers can be hosted on a variety of network server platforms from
manufacturers such as IBM, Hewlett-Packard, and Sun. Multiple netpage servers can run concurrently
on a single host, and a single server can be distributed over a number of hosts. Some or all of the
functionality provided by netpage servers, and in particular the functionality provided by the ID
server and the page server, can also be provided directly in a netpage appliance such as a netpage

printer, in a computer workstation, or on a local network.
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net page publication servers 14, and netpage printers 601 connected via a
network 19 such as the Internet, as shown in Figure 3. The netpage
registration server 11 is a server which records rel ati onshi ps between
users, pens, printers, applications and publications, and thereby

aut hori zes various network activities. It authenticates users and acts as
a signing proxy on behalf of authenticated users in application
transactions. It also provides handwiking recognition services. As

descri bed above, a netpage page server 10 maintains persistent information
about page descriptions and page instances. The netpage network includes
any nunber of page servers, each handling a subset of page instances. Since
a page sef.9er alfsoNemmacHRAEINTERUSer | nput val ues for each page instance,
clients such as pgt I n e
appropriate page%e@@g‘g’% p%'[#h%? o't %91\1/08?(! %l&%g gfgglslrteééta%tgql gﬁ%’gﬁxys&n% ol

rel ative t®insperge deqmpts %niemndtawbwe HOICER! D rﬁi‘F}n@Tnﬁa&é a umqwelﬂp‘falg@ q2D server
12 al | ocat £§ is<dQslERIG tﬂerasrré; n&orfl 8 RbvoRRELH RS AY IleRt, kAL viahdAMGhng of
page servers v1a its ID allocation scheme. A netpage printer uses the

I nternet O8FF{°But ed Name System (DNS), or similar, to resolve a netpage
page ID 50 into Bhetﬁ@tmbnmyaﬂU%eaaf@ﬁm@mmxmevmmMﬁmqmm@eﬂ&emmqm;hamdling t he
cor r espondiyfgis RAYRkAIHLARS & faAasrmeFﬁ%caH&' HfegA0R lsstﬁer%%ut%3 Nefpagds SErVver
whi ch hosts 1 nteractive netpage a I cations. e publication server
14 is an JpprirtEEReicy éﬁf%fpaw%wnepw theshplpcof ﬁ@@ﬁ@@éﬁ%@ﬁﬁ?@#ﬂ%@rﬁe@ KRet page
printers. ﬂm@&mamﬁoﬁmﬁamkbﬁagéﬁmﬁgtalI in Sectlon 2. Net page servers can be
hosted on a vari %j net wor k serwgrbgyatfor n% Q%fact rers such as
I BM Hewl ett - Pac 0c P AR 1P ETERY AR agcécu%“:‘en VETS " cation

concur r entsesyers h Ea:-‘hsipwglble lshieﬁgtbutefhmdwqapam iy lpege daypwie pndglzrmcthe tedi apd mabut ed over
a nunber onJetat@%sh po'égs@thg pagld. Beise b Rrsordal# Al QRaY aﬂr@%m%gec% et page

servers, and in particular the functionality provided I D server and
the page sF@F\?‘é?r subseriherAnd & F PR g Sl&ﬁﬁﬂafats IPV“tFrﬁ"aéhen@Pfﬁ%@E’ PAFOFvdNce such
as a net pmt anr)ﬁma’gb @bjectd, Bn the COBFHALE hreWinideiBt SbrbORith @Fer Gibs@ibérg@ad son@d wor K.

NPTO11- SG OAIH%“METannegﬁd 3%5H%“ net page printer 601 is an

appl i ance is regrs Eﬁ%ge systen1and prints netpage
document s on derr“dhfrdnemqsi: Rubbcasgenbssyen prtimézps thEgedmepsation toé dodumisnt goniest éntee pri nt er

I D 62, a%m’c&stsc&@ RRGIRE. hRertSivile (R ABACRE bW tbcuMn®s aag@eatymg kneShigldr @s the
I nternet, .ideall a a broadband connection. Apart fromidentity and

security SBPY “P’mﬁﬁﬁ‘vﬁﬂ $PE nenory, the netpage printer contains no
persi stent storaQsce tispringr haSregeivdd @fe dosiplelo peer lawdys atid bigechehaGiekneitbe t he

computer”. doweﬁqg&%Mted, it can print the document.

The printer rasterizes and prints odd and even pages simultaneously on both sides of the
sheet. It contains duplexed print engine controllers 760 and print engines utilizing Memjet™
printheads 350 for this purpose.

~ The printing process consists of two decoupled stages: rasterization of page descriptions,
and expénsion and printing of page images. The raster image processor (RIP) consists of one or more
standard DSPs 757 running in parallel. The duplexed print engine controllers consist of custom
processors which expand, dither and print page images in real 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 IR-absorptive black
ink, although this restricts tags to otherwise empty arcas of the page. Although such pages have more
limited functionality than IR-printed pages, they are still classed as netpages.

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
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function interactively across space and tinme with the help of the

di stri buted netpage page servers 10, independently of particul ar netpage
printers. The netpage printer receives subscribed netpage docunents from
net page publication servers 14. Each docunent is distributed in tw parts:
the page layouts, and the actual text and inmage objects which popul ate the
pages. Because of personalization, page |layouts are typically specific to a
particul ar subscriber and so are pointgast to the subscriber's printer via
the appropriate page server. Text and i mage objects, on the other hand,
are typically shared with other subscribers, and so are multicast to al
subscri bers' printers and the appropriate page servers. The netpage

publ i cat i ome sep e wipt deviribes the e g rewnhabitgily 0fed do otirendocomnt BrémdsNt O

POi nt cast S, QB Wil theff AR brfent Blifabihe JRGRNM ¢ c;}rﬂ@ccﬁx@&d}ﬁrﬁ Le@f @ docunent’s
page | ayouts, the printer knows which multicasts, "if any, to listen to.
Once the pri nt er FEYs 2 sbeve) WrerptnegrePriisrplpss i enagretlscigeoriintr-iglagd ddjreetios t hat
defi ne t hemaidoedBRdiegiltOtidiGedril Nbels netphgeGadvofes | Nt t he docunment. The printer
rasterizes and prints odd and even pages.sinultaneausl n both sides of
the Csheet. 1t CBmtarse By QURE PPRRS Bt R B rb pry S09EE St e

engi nes uttelopzvifigefiverg otFigvtes prioé.heads 350 for this purpose. The printing
process cogi st spyahjdiipri@raup! ed stages: rasterization of page
descriptions, and expansion and printing of page images. The raster inmage

processor (RIP) EC¥ispagesysim ghepeste uiny infeesupdeiyithys midpaneef digiahpringee | n
paral l el . tddnsolaie| ieoheithe Phdrid] iEHYI flRodtomit D) d, Qhistr E@BEIhShgriphicC hHEt Ats.
Processor sy !/&,I}ﬂre \%(lﬁg Q&Il‘sum%i' %cl’(]:%)rtam%ng i:{) %ési?atble%e?% n!etgaa 9%?111’:%%5534 foﬁlgwqg .
synchroni zed W't e operation of e printhea in the print erngines.
Printers ridtagnisiisbed for IR printing have the option to print tags using
| R-absor ptd ve bl @eKgrapghiiuatidd bBAYARMt hi s restricts tags to otherw se enpty
areas of the page. Although such pages have nore |imted functionality
t han IR—printedqﬂ%@%ﬁﬁyT¥l ¢ e still classed as netpages. A nornal netpage
printer prdnts rigghpaigesyon sheets of paper. More specialised netpage
printers may prhgglgﬁ;gﬁpnre speci al i sed surfaces, such as gl obes. Each
printer supports af east one surface type, and supports at |east one tag
tiling sciene, dpwithesite tag map, for each surface type. The NPT011-SG 19
tag map 8L1 whi by pBsGhdtbes the tag tiling scheme actually used to print a
docunent Qecones,rﬁssociated with that docunent so that the docunent's tags
can be correct | YTt B P8t ed. Figure 2 shows the netpage printer class
di agram reef | ectrenly sixni pringvg- r el at ed i nformati on rmaintained by a
regi strati,on seqmgrﬁ&mésggithe net page network. A preferred enbodi nent of
t he net page prlnteP scdescribed in greater detail in Section 6
. simultaneous double sided printing
. compact form factor
. low power consumption
No commercially available printing technology has all of these characteristics.
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 microelectromechanical
systemns (MEMS) technology. Figure 17 shows a single printing element 300 of a Memjet™
printhead. The netpage wallprinter incorporates 168960 printing elements 300 to form a 1600 dpi
pagewidth duplex printer. This printer simultancously 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).
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below, with reference to Figures I | to 16. 1.5.1 Menmet[err] Printheads
The netpage system can operate using printers nmade with a w de range of
digital printing technologies, including thermal inkjet, piezoelectric

i nkj et, laser electrophotographic, and others. However, for w de consuner
acceptance, it is desirable that a netpage printer have the foll ow ng
characteristics: photographic quality color printing high quality text
printing high reliability |ow printer,cost |owink cost |ow paper cost
sinple operation nearly silent printing high printing speed sinultaneous
doubl e sided printing conpact formfactor | ow power consunption No
comercially available printing technology has all of these
characteristics. Mipr drabisef the pprtng wemend Bo0ofre the hertle 562, e tibezlchias )3, the

characteri &Eil& a’lamgel? %04{3 TSRt s%B%'oS Ctﬁé’llrnk t’}l‘;"dﬁnel hxg\é%g]ttﬁedlc%r RSV Y Qtactlve

technol ogy, referred to as Memet[err] technology. Memet[eri] Is a

dr op- on- detTRAEr PP 0% dheriitive gyuags dean piiPohapelye aﬁ@@mﬂ@m YPi e heads

f abri cat edpakisic Bgualtc GicRe B BCiniaRBkhaABcAl systens (NENB) technology Fi gure
17 shows a single printin | ement,. 300 head. The
net page mallprin? Wﬁé%?ggra %Eé@@ﬁngﬁH??%%%QF E*?sgﬁ' 0°F8 P#'or m a
1600 dpi 394gethdicn ﬁlﬁdapﬂl bf;emppaunarennchﬁm agthpir jespeative @iclpupdimgvdo agl3y1.gbé¢ nt s

cyan, nmageRbfinaélor Qinedd! #RK300288, 31 NiahdB BfotA K SaRter W] blo@Sth AR end
conditioner and ink fixative. The printing element 300 is approximately 110

microns | o282 nicrons wide. Arrays of these printing el enments are
formed on a sili Ei@ﬂileﬂﬂlbmats&xam@&‘t tihaut ardai 60 pripfifiAél@tenNE ihcbGing 2 Ela a

t ransfer, %&t% 5'1% of 9 ﬁr?i&gr%élé{?%m%b(g %%(6% ent(i)otn 3?];' 19¥imm glpoTo 1t0%§ar12y shoMat}'\ or

el enents o are t nozz e’'nozzlie rim
303, the %%@136 éih%@rﬂ“%htheﬁlh@ﬂﬁﬁfmﬁlc seal 305, the ink channel rim

306, the lever argmaOb(),1b@) aAtibKLshoR el Wpd R BRRTY Qmeﬁljeaﬂﬁmﬁ@ SleR@BSI Ve
act uat or :ﬁ3n1palr 309, the active actuator anchor 310

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

While printing, the printhead CMOS circuitry distributes data from the print engine
controller to the correct printing element, latches the data, and buffers the data to drive the electrodes
318 of the active actuator beam pair 308. This causes an electrical current to pass through the beam
pair 308 for about one microsecond, resulting in Joule heating. The temperature increase resulting
from Joule heating causes the beam pair 308 to expand. As the passive actuator beam pair 309 is not
heated, it does not expand, resulting in a stress difference between the two beam pairs. This stress
difference is partially resolved by the cantilevered end of the electrothermal bend actuator 320
bending towards the substrate 301. The lever arm 307 transmits this movement to the nozzle chamber
304. The nozzle chamber 304 moves about two microns to the position shown in Figure 19(b). This
increases the ink pressure, forcing ink 321 out of the nozzle 302, and causing the ink meniscus 316 o
bulge. The nozzle rim 303 prevents the ink meniscus 316 from spreading across the surface of the
nozzle chamber 304.

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

Figure 20 shows a segment of a printhead 350. In a netpage printer, the length of the

printhead is the full width of the paper (typically 210 mm) in the direction 351. The segment shown is
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passi ve actuator anchor 311, and the ink inlet 312. The active actuator
beam pair 308 is nechanically joined to the passive actuator beampair 309
at the join 319. Both beans pairs are anchored at their respective anchor
points 310 and 311. The conbination of elenents 308, 309, 310, 311, and
319 forma cantilevered el ectrothermal bend actuator 320. Figure 18 shows
a small part of an array of printing elenents 300, including a cross
section 315 of a printing el enment 300.,;The cross section 315 is shown

wi thout ink, to clearly show the ink inlet 312 that passes through the
silicon wafer 301. Figures 19(a), 19(b) and 19(c) show the operating cycle
of a MenjetTM printing el enent 300. Figure 19(a) shows the quiescent

posi ti on of4 mdongdborn®3bad a son®ld puinthar). Warerpprintiig thepaper is mved phstoip fekd 1 nk i s

retai ned 'ﬁ}mhl% 11?%2&1‘&&9@5@%3 E%m%w ﬁa@%%&/se&%ts}ﬁlg@attedtp%ﬁtﬂg%mgrﬁé‘ko%cUS 316
and at the di ¢ seal fornmed between the nozzl e chanber 304" and the

i nk channeﬂrmﬁgrﬁe?%f"lo‘\?\ﬁfws bﬁ'l‘iﬂ"r’?t‘lfpili@qbytﬂﬁ’é“kﬁ‘i‘l?th?tlﬁead CI\/DS circuitry
di stri but es dat aTé ot tHe Eragik sitHacead Ghic Bﬁlthe&ﬂﬁt'lﬁgﬂplaretionlaﬁmﬁzﬂb%uﬁ@ﬁfﬁfaGBO frinting

el ement h at.a d,huffers th a t.o dr heeectrodes
318 of the a% C}et\%’etﬁeapcn 5100 subsgg%gﬁ(ﬁplgm ea%dlg Fﬂlﬂgtmereéﬁ%osfr “HRElEee Ill%lafl current
t 0 pass t hobulph thrbeshyediohn thepink droBlB8 afeofﬁrechﬁ@utrevernehemoeai@%@ohv@s 3Befohting in

Joul e heat Be%mgﬁlﬁk&i%ggﬁéﬁb% Br dtﬁepae@ﬁss ﬁnerre%%u lidt dufdfled thE12Mnd QnRisRERLL NG
causes the beam pair to expand passi ve actuat or beam air 309

is not heXt aighe pozzlg gueed holss d%f%lﬁa?ﬁﬂmgr@sni‘f"ﬁtﬁﬁ(%zh frgm dpfings e przple gyaphise

bet ween t healtdvnilbdapangalside. This stress difference is partially resolved
by the ca | eve the el ectrothermal bend actuator 320 bending

t owar ds thrqebsubs?&%?gtgg%eose%he | ever arm 307 transmits this novenent to the
nozzl e chanmber 3BBectivErensing dovice cEhiantiege SO frovricsibabeant 10t wdichi winpis to t he

posi ti on sdy®¥dAed Eonfrdigh132, il YIDJo- capdth 8nd deBAAE BOSRRiok tags frdMa Piz€$ig YK Bnagd OF Ci NG
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a segnent rint 350. In a net rinter, the length of the

pri nt head ﬁ?agmil tgrpfeE'I‘glqge\?ﬁgta?‘ﬁggfpe?tﬁoeﬂl%@bogﬁﬂa)gptﬂ?@s &1y 210 M) in the
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system as a browsing systern, such as when it is used as an Internet interface. Each netpage pen is
registered with the netpage system and has a unique pen ID 61. Figure 23 shows the netpage pen class
diagram, reflecting pen-related information maintained by a registration server 11 on the netpage
network.

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

The pen determines the position and orientation of its nib on the netpage by imaging, in
the infrared spectrium, an area 193 of the page in the vicinity of the nib. It decodes the nearest tag and
computes the position of the nib relative to the tag from the observed perspective distortion on the

imaged tag and the known geometry of the pen optics. Although the position resolution of the tag may
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printhead in the direction 352. The printhead has 6 rows of interdigitated
printing elenments 300, printing the six colors or types of ink supplied by
the ink inlets 312. To protect the fragile surface of the printhead during
operation, a nozzle guard wafer 330 is attached to the printhead substrate
301. For each nozzle 302 there is a correspondi ng nozzle guard hole 331

t hrough which the ink droplets are fired. To prevent the nozzle guard hol es
331 from becomnm ng bl ocked by paper fijgers or other debris, filtered air is
punped through the air inlets 332 and out of the nozzle guard hol es during
printing. To prevent ink 321 fromdrying, the nozzle guard is sealed while
the printer is idle. 1.6 The Netpage Pen The active sensing device of the
net page sywstlem besuseythi alkdényityonpbnpag® i, invatsele propartgingigo it Sag szaheddipdied

control | erp 134 relofu@hl G figft BRELE 1R Rhiflee ggio%l)ﬁem%a bok g&@m;t@md&mgn a page
via an image sensor. The Inmage sénsor Is a solid-state device provi ded
with an appi8piiate filter to pernit sensing at only near-infrared

wavel engt hs. As H&ﬁeﬁﬁdnb&!itﬂreﬁo ﬁradrqagdﬁ& blurel) 8 Déties bhdrokey S #0kd SnsdBlo€a t 0 Sense
when the nib i a e pen 0 sense
tags at a b ot EnbeREiep fhledur e B, A St Fp RER T e Blee b0 G “or
gr eat er ante suBEquept perr-upf eyent. @y Sjroke| mbﬂ@rt«naftdl voth the apee 4P é@ioiblye netpdge wpaerei e
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|nfornat|qppnﬁgntalned by a registration server 11 on the netpage network.
Wien ei t hePPAMS F&24°R contact with a netpage, the pen determines its
position and or Eghpathaorcurrelt aib e Thiois thh eib fragetified hethapdn td Be gétdnadhied to a
force sensloor fRlerhiGiebt 66 bl bk RS e an&ﬁg L ERLAGY ShRhbY kit 3

threshold to I ndicate pen 1Is is a
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the force i.s capt S _a continyous valu to a ) the full
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spectrum @A Gith whidR f ol AfcRage in the vicinity of the nib. It decodes
the nearest tag and conputes the position of the nib relative to the tag

fromthe observeld"FErE EPe Farilindegs pf HpritgH vith @hich Hsafeepmpagicasn e Pre known
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momentarily activates its “error” LED. When the pen succeeds in decoding a stroke relative to the
page, it momentarily activates its “ok’ LED.

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

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

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

A pen can be registered with any number of printers, but because all state data resides in
NPTO11-5G



22 be |l ow, because the tag density on the page is inversely proportional to
the tag size, the adjusted position resolution is quite high, exceeding
the m ninumresolution required for accurate handwiting recognition. Pen
actions relative to a netpage are captured as a series of strokes. A stroke
consists of a sequence of time-stanped pen positions on the page,
initiated by a pen-down event and conpleted by the subsequent pen-up
event. A stroke is also tagged with the page ID 50 of the netpage whenever
the page ID changes, which, under normal circunstances, is at the
commencenent of the stroke. Each netpage pen has a current selection 826
associated with it, allowng the user to perform copy and paste operations
et c. The sweipagt iboh dnspapirnad tanpedstvokalt lipwrgeheingystid witidh gingcargniis after

a defined cto}nfﬁgm&gﬁé\gﬁilata];pgar@dfaﬁ%t sel ection describes a region of a page
instance. It consists of he nost recent_digital ink stroke captured

t hr ough the pen ﬁé’reé@ﬂe%ﬂto@meﬁ@f BreRdy Gerrbrddr g ictibia Serhgned belopt Wity

i nterpret edfeieiicc WFiguppR kciat i on- speci fic manner once it is submtted to an
application via ﬁ E-lsﬁﬁténﬁ yperl ink activation. Each pen has a current
nib 824. THis is notified by the pen to the system In the
case of the def a@ﬂlqnemmep@geéﬁﬂencedessbtah'db@dgfab@mefreilﬁlhmn 10 hvehemtie kénnig bl ack

i nk ni b oryte iR mraiﬂe(ﬁ&e lsfh\élc&ﬁd ﬁ'ét:p3 éf%he%gﬁ%r}ugad bﬁ&@ penpﬁj@n f’flls%&:dk@s a
current nib style 825 iIsi1s the nib style | ast associated wth the pen

by an appl ‘?‘?:%lﬁ?laoﬁ""e@er& Sughas, Beétﬁ’Bﬁ%e tdga taH‘éVSLfgeelde“élé’l et PRjticlee Bagend rom a
pal ette. Thecicdefiakdattive élenensd Yé &tekrinddhid diiddicatioy bEthasEHe padtRtnybitie pthe

c .UI’ rent ni xgwfrg& s%flpage %Q b%meg ]th mgugm%] gatzp 1 ran%‘r{u%eé tca)'glg gr(;néerw htﬁrg 1ttrfl;]s VC urrent

nib style. es are su uent y reprodu
r epr oducedd the P& thfhl’?‘.ge Bft §0 ef thy tidakenhio ¢lie netyerk agdress p&@gwpagmﬂmr 1¢ he pen

IS Wi thin yingeinins &e@meegosamgmagéﬂmmbmolxt m&%mmw m&atoehe ﬁa%%erp@rn sl owly
flashes it ‘onl i ne" e relative to

t o, decod
t he page, I?fh %Wésrff?ﬁ’ e “Eg%egl"{/‘ﬁ’teé@g’ Sfr%ke" ?nrﬂberp“mﬁﬁf’j'y aieWi’ h "t"ﬁ pESucceeds
i n decodi ng t®& rd¢veolpegersabatii ¥serathe Habtenctppgegensisistof redmpadt adge Ilayoxamainmaédes its

"ok" LED. A @%%99%619{) o AR e?@eestg]e[o%%e bike Eagéu?f]efeﬁqo biJec ol @k gés I nk.

Digital |nk ange raw ngs and
handwri ti rfgpts @6?‘%?1%‘%%@@6@%3{1 Plesvhese OIHWWPQGPPtﬁgfk and for online

verification of whgnadppesrerkheivieR stracewoﬁeﬁeq)&s a8l R 50 de&nﬁﬂogitot al ink
to the netvajaﬂzhe ri.nter. vi a short - ran ansm ed

digital Rh e ot PR, A el Bt e oo A ek e toy

ef ficient It thansdiritssicor! thhetokd ig the kweyeof ik gehefthearievant plemenup event to ensure
tinely handling J\nchtcp%s QEtl"oﬂé Ghere é{!"ﬁﬁanw&dlﬁ% bét@eeg'dlte pg'f dogvﬂg&ﬁwf?gnda[heo rinter

it buffers digital ink 1n internal nmenory has a capacity of over
t en m nut SBOsEUeR BRUP REFHIGR 2k Aoty Rksithen prane SWW% %?quctsww@éma@ta B ani t hin
range of alifk tygidaBy requirtks 4 dlielts be#ctivatid yandd bk fraih@] a thingdr btevke s Plored. 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.

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

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

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

The hyperlink element class diagram is shown in Figure 29,
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A pen can be registered with any number of printers, but because all state
data resides in NPTO11l-SG 23 net pages both on paper and on the network, it
is largely immaterial which printer a pen is comunicating with at any
particular time. A preferred enbodi ment of the pen is described in greater
detail in Section 6 below, with reference to Figures 8 to 10. 1.7 NETPAGE
| NTERACTI ON The net page printer 601 receives data relating to a stroke from
the pen 101 when the pen is wused to ijjteract with a netpage 1. The coded
data 3 of the tags 4 is read by the pen when it is used to execute a
nmovenent, such as a stroke. The data allows the identity of the particular
page and associated interactive elenent to be determ ned and an indication
of the relative Ndst tailonirtng Bfacthedpdn pageeicats wedt @ réduest page apdicdlion

obt ai ned. gghl@wﬂe&q}n%tnk&grkdﬁ'legpﬂééangr{ @%Mf %cl ﬁrdan &)hEJPI iﬂéti-n;ngr e ag\h 1§at1gn| t

I‘ESO|V€S VI a estroelnfo
addr ess of tingsahed ﬁ]dbeeﬂow{;@weﬂrtvéw%hﬂwr @we fregs Af hyperlinks: Iﬁ@le@HWP%%bndl ng

page i nst asfﬁ,efoﬁﬁﬂzperhﬂks B&seﬁhdtsélam&m@&mmbwsasrs&mlﬁelgarb@o ﬁ‘eraiﬁyp\éﬁlhk I'f the
I‘ I N may

page was recent | in an earlier. strok

al r eady havemfp% "pém ues ffor ae]f e T RY S“ﬂ}ﬁﬁggtgg?f%fhe‘icﬁm PEVELL 'ém Each
net page ¢ ohm¢rmk§uhyflts ahe emwamhngp‘fageo thaappliratiorah segiondgberliplesubmissttigrtirant by a

net page pagRcdf Eovtﬁ‘erapﬁ%%nQ@h@mﬁmm@mmﬁm&@y&% ol ﬁ{c@ oi\IM%t %}J&&Jﬁe such as

i mages, fonts and pieces of text, pi cal gjéstore ere on the
net page netPWkCa“W rfq’féaﬁ’éﬁ‘épﬁéﬂﬁé@e“r‘ giviag e grordisancagingoyiing hipnierdn pen, it
retrieves wihie ipagersdasciinition mid Odiffunbit hgubREESH hpkainapR & efracididd Bet er m nes

whi ch el e%{m%jma;l% g]%ﬁe(ﬁ r#p?%? on the stroke intersects. It is then

abl e to interpret e context of the type of the rel evant
el ement. A "clickhe ‘F°§ewor§1lﬂgdlmﬂwhelv8@nqeh8é2d?cgrtdaﬁd:@mamntﬂilrﬁé Wiehweebe t he pen

down posi tdp@iiticantle Ag@mtﬁupmme hp&nmunlstmgaﬂpb@m&rﬁm%wrd &R Relfign sone
smal | maxi num s activated click typically Tequires

ct
a click to BEPs: ?F%{"é*&f ap ﬁﬁ“’& ESEYR 3?‘101’%{“% ‘é‘ﬁg%frpe’édﬂgc?l% e gRBFed. The
failure diyaaupesngablicativn os bhhif fsheaset sI oppy" click, to register is

| ndi cated by herdAGk.Phol&s BRRSE: LifiloPeR ¥ a sclfion lﬁ,gqum?fe nare two

ki nds of input elenénts In a netpage page scripti I'n and form
fields. |npatysimrielnges the foBiehof ﬂlep%aocea&ﬁ fwwtamf?@@elra fPWehYa@hrlk\Patmamn of an

associ at echithyngiei thk Biperlidk fhs ks RS delia Kribfre B REK lidpRlsink SRR SubRfssisendi ng a
"t he netbAgEE, or HAPT R RGBT S Bht BPTOEIFPEs [ he appl i cation
71 whi ch handl esAdgerlinkddi sorwp Gh6 s harouhygloment Bifkywhich Has mkas$oDatbd! hypbrligd) as
i dent i fi esydhein BRI Wentifhul LuRBRLLEAL 110 c1cABhe ik B3ug, 38 SAk odd @9 whi ch
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 occurs.
1.7.2 Forms
A form defines a collection of related input fields used to capture a related set of inputs
through a printed netpage. A form allows a user to submit one or more parameters to an application
software program running on a server.
A form 867 is a group element 838 in the document hierarchy. It ultimately contains a set
of terminal field elements 839. A form instance 868 represents a printed instance of a form. It consists
of a set of field instances 870 which correspond to the field elements 845 of the form. Each field
instance has an associated value 871, whose type depends on the type of the corresponding field

element. Each field value records input through a particular printed form instance, i.e. through one or
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asks the systemto include the user's application alias ID 65 in the
hyperlink activation, and a description which is used when the hyperlink
is recorded as a favorite or appears in the user's history. The hyperlink
el ement class diagramis shown in Figure 29. NPTO11l-SG 24 When a hyperlink
is activated, the page server sends a request to an application sonewhere
on the network. The application is identified by an application ID 64, and
the application IDis resolved in thesnormal way via the DNS. There are
three types of hyperlinks: general hyperlinks 863, form hyperlinks 865,
and sel ection hyperlinks 864, as shown in Figure 30. A general hyperlink
can inplenent a request for a |linked docunent, or may sinply signal a

pr ef er encem¢roprénted @eipages. Tha ffroches digpeiid shovike isEibne 325 t he corresponding formto
the application. Eﬁh%@rmﬁsuan&mabmm 2Ky nRH Al cheSs ‘Lﬁa&leﬁhgfoﬁp actr%@'%%' on to

t he application. the current selection contains singl e-word piece of
text, for WA é‘”d of grgired | Borendis pesive Whep Grsé P éf%‘FH{jPC@lei)ﬁ@?én%&l}r’rént

gi Vi ng t hesighd. A B HR:3dkck Gubiidticd bide bR @Ofub@Xdion HperMlld Kl bieh :aPPERLSess OF A
translatio nt. differ l,angua ac erll kK 1t characteri zed
by what |tﬁ s l%ka}]as ol Sﬁnﬁ%elmt?t %“ 93? g agcﬁ Piea lfigne”ﬁfy er@%&?"’%% &hdi ng
hyper | i nk ﬁmt%ﬂ@@ﬁ@ph@@cfpmagp qornalnrsiaétfqlrmrrxﬂlﬁs Shen\ilivi tinds tiedermides bespeci fi

to the pagﬁn\‘er&ée@ﬁgﬁe o’ E&tﬂdth%anﬁfeltﬂe%ﬂ 1@%&@9%&111%?§E§owe3_ Hﬁ)ut
transaction ID can identi user-speci f i cation, for

exanpl e a WSHIFHTHGCE jspet al6'1“’e Bettirdgrtygs ’t‘} I"Ri%%‘gr PP'E‘F ﬁ‘fléﬁﬁé’é BB Is{Fvat 196% chasi ng

appl i cat i onstaase. Webaiht f@h id Revels afozen, [otn Spisedm i Bilkiwdd @Sy it@ppRNulEniCAIl T ent
sel ection BaBulludrBfhGLLR0 oMBRIL N AELLNAL] R0 an ESSUSLEM 1 NCl udes L he

content of the assocl at rminstance P oMY PEr Pk acti vation,
al though if the H3Fpdorjipganttais asseciatedJoinN witldenytferm iastaneds derived e it, md y i nput

since the ﬂr@mmgfa%@bmmysmsqnowslaﬁ bt e 144 e rsion BEa @ﬁﬁleﬁml&%fm@ Seried)
ef fective IS ?%t h in Fl hyperlink activations erlinked group 866
‘ch

turn
is a group®8f BHEHE 834 S has an associ ated hyperl i nk as shown in
Figure 31. V\hen Al pptt ioeptuedastdipitd ughDigity ink 88 ansdstsefie nt oﬁtmeitdn@egftmlaqo, t he

hyperI'i nk g%?s s ASSOE bR c\eﬁsﬁst; o&aget%wpd L3k RGYS, \ﬁ@éhes oke dxgxg% lsen‘sﬁd group

can be used to associate %?/ avior with a suc

checkbox. 'iesteid pingasites #esach of rhighpljodnrdesam wetltﬁwpﬁréim‘:sfmsmme det a”
attribute iﬂfclzasdlsgid?ﬁlhshpeﬁhmrgkmﬁo provi de continuous input to an
application. re be 0 N

i nteraction m)defgi?itlr‘;lld men\/\%@c%nbeﬁﬁﬂeld%mék%%%ﬁlffgﬁﬁ%%%s Jé? g%?@g h&red as
soon as isigngwe figlé 3801 Tlig figld Blomems clis fiagram id efoivmadigare 36l Ang digitabink cipturedliat ed

i nput fi elactgldtggglggsggags@gg‘g&g@mgdgel ated set of inputs through a printed
net page. A form all user to submt one or nore paraneters to an

application sof f‘\R}éeF]é’% Fﬂ@ PASAP ARFITTCA GO HelusdlBl@p shown in Figure 35. Any mark

(a tick, a cross, a stroke, a fill zigzag, etc.) captured in a checkbox field’s zone canses a 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 ficld’s zone is automatically converted to text via online handwriting recognition,
and the text is assigned to the field’s value. Online handwriting recognition is well-understood (see
for example Tappert, C., C.Y. Suen and T. Wakahara, “The State of the Art in On-Line Handwriting
Recognition”, IEEE Transactions on Pattern Analysis and Machine Intelligence, Vol.12, No.8,
August 1990).

A signature field has an associated digital signature value 883, as shown in Figure 37. Any
digital ink captured in a signature field’s zone is automatically verified with respect to the identity of
the owner of the pen, and a digital signature of the content of the form of which the field is part is
generated and assigned to the field’s value. The digital signature is generated using the pen user’s

private signature key specific to the application which owns the form. Online signature verification is
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A form867 is a group element 838 in the docunent hierarchy. It ultimately
contains a set of termnal field elenments 839. A forminstance 868
represents a printed instance of a form It consists of a set of field

i nstances 870 which correspond to the field elenents 845 of the form Each
field instance has an associ ated val ue 871, whose type depends on the type
of the corresponding field elenent. Each field value records input through
a particular printed forminstance, i.,g. through one or NPT011-SG 25 nore
printed netpages. The formclass diagramis shown in Figure 32. Each form
instance has a status 872 which indicates whether the formis active,
frozen, submtted, void or expired. Aformis active when first printed. A
f or m becomedl-uhdopoed (sonecxatple Slamgidgm &dandA. fLorets, hecomss Sigarbrs Ydrichtionce one
of 1S SUbith Q4LNINDREA L el b RRY pARK XakGH: YOLESR ., 11 Myperlink has

its "submt delta” attribute set. form becomes vol d when t'he user invokes
a void form reéJFldW%?Fﬁﬁté%m@G‘p1th&d?‘@e¢ SRSyt AdVehERld denteplrdersepi r es
when t he thHateantidper &)mardmarpa@ ale@Bs noﬁ&f:dpi/ﬁptﬁ)lt(h&eldﬁe inhesodifiddTien vaipeetidiied

lifetime. Wi satlve ormd nput. | al l owed. Input through a
f or m whi chmcmdegmttheg% :a?/%wlegthenos &%t mm&pﬂfeudrdé1 ?‘Tﬁie background field 833 of

t he rel evant pagé&ditingsiommerds, SI\Ahe&r\strtkh@ICFuelrsmdncstmadtlctme cgralsb bozengnizefldr m

subm ssi onginsiepks! owed. Any attenpt to submit a formwhen the formis not
active or frozen_is rejected, and instead elicits an formstatus report.
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positions 876, ch g& %ch al 0 |ncI en.orie 3&1 n ggg nib force.
The digital | kD) . 347 GRS = pepuepe g iiokos oAy ke SRR S fent | 845
can be a chedkijoxlefemls d016787a,pp®d¢d60(thaffdeelleld 3884l itk stl¢amyvicndy fériimérpkeiBiR, or a
signature I L epent i i =l gure 34.
Any di gi ta%ﬂyestr%eggg%pag%g\d bl & Ogje %@asmlg%)t%%ﬁ 5%[ ?%lﬁ%snaé |ﬂ§nb§ £t/(\!gndt %lﬁf ield. A
checkbox fd&pdRHE AN aSSOC|ated bool ean val ue 881, as shown in Figure 35.
Any mark (a ti cbl,gma lﬂf @@&redamsﬁhé %Kﬂgro@dfﬁeﬁd 132111@43&% BUL sdechiciPldai@d I n a
checkbox Qgeld zon % abue to (%ngqgto the fjeld' s
val ue. A téxt Yierd® Oélg o Worﬁs? 8%5 '?ﬂg%lar ye’ﬂerp{/eéffll?%a o KERESTRFi gur e
36. Any du@anhMmmmﬂw@apﬂumadﬂMMnammwamfngE S zone is automatically
converted to teth%b%mﬁﬂkkgﬁw&W%$Mﬁéﬁ&ﬁhﬁ&&gﬂﬁé&h&& and the text is
assigned to the field' s value. Online handwiting recognition is

wel | -under stood (see for exanple Tappert, C., C Y. Suen and T. Wakahar a,
"The St at eradfe 2. BamAvaty dfipeRlintbiaborsawitha hétpage

Object Type Pen input Action
Hyperlink General Click ISubmit action fo application
Form Click Submit form to application
Selection Click Submit selection to application
Form field |Checkbox |Any mark Assign true to field
Text Handwriting Convert digital ink to text; assign text to
field
Drawing Digital ink Assign digital ink to field
Signature  Signature Verify digital ink signature; generate
digital signature of form; assign digital
signature to field
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Recogni tion", | EEE Transactions on Pattern Anal ysis and Machi ne
Intelligence, Vol.12, No.8, August 1990). A signature field has an

associ ated digital signature value 883, as shown in Figure 37. Any digital
ink captured in a signature field s zone is automatically verified with
respect to the identity of the owner of the pen, and a digital signature
of the content of the formof which the field is part is generated and
assigned to the field s value. The dightal signature is generated using the
pen user's private signature key specific to the application which owns
the form Online signature verification is NPTO11-SG 26 wel | -understood
(see for exanple Planobndon, R _and G Lorette, "Autonatic Signature
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witer h deppadenh omdmnuaf te AT, tfd(,jrra.-ganipf& ﬁuﬂ@ﬂ?&hﬁﬁt&rb«éﬁumﬂ}@&e&ﬁﬁl&@oﬁverk
tlrre 0 ener.at e u ront | necessar I NK, as
bl T eady e PR R B e PRl AR u i e ot ar t s
in a par tqnuralbaquletrémtofs fzrmreen bsdapw‘id!ed dray/ingHgtd. @lleeamelwbﬁos ceit thet al i nk

stream readye bPkhe bidkSF BE Bb@hde QP digital N omilideAhLexPIRY rABPEAEE ! B 1@k BD] ect’ s
digital ink streamis appended to the background field s digital ink

ie
stream Dilgi Q12 FRRD B0 8 dhei aPUEpton BE g FSTREY 1ave fndicytd ﬁ"ﬁ’f"é“reﬁf OBy as a
sel ecti on fge&indieEs outsde LB figldspt | on of one or rmre Ob] ects | S generally

interpreted as agselection Of the. circuns IRI RS al t hou t he
actual interpret a§| on |%wsap|81vfc%ré S r%:esé?:&fmé? gpf’af%'f3 i atwetoaneqfaé %'et hese

vari ous pemecerasigeeirgaigingfat $54ka ﬂtrelserf@gléhe PP fjertifging (B $fhdlreypagsfinsiaraq 830

i nteracti opsnith fhib a%e esPaae sddii {%ﬁ:}sTﬁé{Pfé‘\Pn?gr[aﬂSQQ%e@Qée'dgﬁnpnon5 identifying (at
HyperllnkGe%%}refg |ckSubmt action lication FornCOickSubmt formto

appl i cati off GSTECT SR s tg“cf“io hESeC K p e %hggg) whether the

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

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

determining (at 894) whether the field is part of a hyperlinked group 866 and if so activating (at 895)
the associated hyperlink; alternatively determining (at 889) whether the formatted element
corresponds to a hyperlink element and if so activating (at 895) the corresponding hyperlink;
alternatively, in the absence of an input field or hyperlink, appending (at 890) the received stroke to
the digital ink of the background field 833; and copying (at 891) the received stroke to the current
selection 826 of the current pen, as maintained by the registration server.

Figure 38a shows a detailed flowchart of step 893 in the process shown in Figure 38,
where the accumulated digital ink of a field is interpreted according to the type of the field. The
process consists of determining (at 896) whether the field is a checkbox and (at 897) whether the
digital ink represents a checkmark, and if so assigning (at 898) a true value to the field value;
alternatively determining (at 899) whether the field is a text field and if so converting (at 900) the
digital ink to computer text, with the help of the appropriate registration server, and assigning (at 901)
the converted computer text to the field value; alternatively determining (at 902) whether the field is a

signature field and if so verifying {at 903) the digital ink as the signature of the pen’s owner, with the
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Form fi el dCheckboxAny markssign true to field TextHandw i ti ngConvert

digital ink to text; assign text to ield DrawingDi gital inkssign digital
ink to field Verify digital ink signature; generate

Si gnatureSi gnaturedigital signature of form assign digital signature to
field NPTO11-SG 27 None G rcunscription JAssign digital ink to current

sel ection The system nmaintains a current selection for each pen. The

sel ection consists sinply of the nostgrecent stroke captured in the
background field. The selection is cleared after an inactivity timeout to
ensure predictable behavior. The raw digital ink captured in every field is
retai ned on the netpage page server and is optionally transmtted with the
f orm dat a Mipar the pprépointaregBiraiobstrved, echting (at $18) agpipital siaiat'u@n:f thd boreen@bf Vs  t he
appl i cati ot Bodafak Feh 283Gt e,hrp%wthg'r&as&mm 'sé?vkef§ Qb berP RS Ghiv il

ori gi nal conversi on, conversion o tel'hl s can,
for exanpl ¥Enatps ey relétmﬁ LPn"B?\COFﬁ%’%‘ﬂU’é ﬁltplhﬁ‘ﬁmafmdtaﬁ@nﬁb&rﬁ ?Q??alhi: @}E“al figgte td or f orns
whi ch fai |th£ﬁi=ﬂct\alul€l appl i cation-specific consistency checks. As an extension
to this, sf |re bacli%mound area of a formcan be designated as a
drawing fié a %%an then deci de, on the basis of the
presence of digi t\aiagel sqkfemtnsmmilels t lvemmsap Iwhich tis Hahdidddiscaldf byt the pdgo karyer.tlo rout e

the formdg.a AUl g)gg Qhd doBchfiASsunpti on that the user may have
| ndi cat ed Bmarienper R o A IR THs. outside of those 11l ds.

Fi gure 38 shows épﬁﬂeém&qntma&q90t7ﬁ€1b6|a(‘.5‘?}%@§nﬁfi‘“%?ﬁ’lsﬁri’gmﬁ@ﬁf%ﬁﬂwﬂaﬁ%l ative
to a net pa@e,.a R EfornpPERRRAKEY 10 NGt Hind stitlis bARKIIWE NG dificat8R4) cdmshd dke, from t he

pen; identjf ) e _pa i nst a to,which the e ID50 in
the stroke re‘?a 900(“““‘???@ 2 a% gﬁﬁ agﬁpag‘é"h&aé%%(’rmi‘m Pcoﬁm’%“doiﬁg’e%ti fying
(at 887) rasefd9pqmnttce'dmg1ﬂékfema 283cuph setuyomeasid 17, heshgyr ioKigutk Ad.er sect s;

determning (at K88y famsnk}%d L8 el S BLEST 8 SHRRL ACRSHASRANG SR @ field

el enent, and if so ag‘gen ng (at 892) the received stroke to the digital
ink of t he'°FF &F qoRFRoptneg m?‘?ﬁ’f%ar“ﬂlﬂ’é? PREEAR 2 pringdeony o hsrsrdami gi t al
i nk of t hendtaned @ith m;ﬂvahdsaﬁmmmrrhgco@am&%ﬁem hl@érhﬁlhlﬁmiabt&aths stpart of a

hyperlin keqlgﬁgloa'ﬂg 8081§ gld{gﬁ]%aghablé Bon?ﬁé r\{g?{al t@%@éﬁp icay OI}Z 1)% reset ﬁnnagisgnld%%lgs

hyper | i nk ternative etermnin ed el enent
cor r espondse ‘tOGCSaOWE)mlHﬁ%ﬂCe larshibent preginets iof aces paieted vopy Pihtbe foen ing 989 withe

correspon Chemgvaﬂnyspﬁ&laﬂd&ik A geBlohR bRal ioRlays prbdﬁcets h&rial$ 8p&EoPhe dkud HAE fiel d
or hyperl |an Fd' n at 89%%)gp Fe rbgsged stroke to the digital ink of
t he backgr 85‘?‘?80 P g g R LB NP EsE BT i PERE VU RORT BRE t o t he
current printed, and the form status of the form instance.
Since a form hyperlink instance contains a transaction ID, the application has to be
involved in producing a new form instance. A button requesting a new form instance is therefore
typically implemented as a hyperlink.
A duplicate page command produces a printed copy of the corresponding page instance
with the background field value preserved. If the page contains & form or is part of a form, then the
duplicate page command is interpreted as a duplicate form command. A reset page command
produces a printed copy of the corresponding page instance with the background field value
discarded. If the page contains a form or is part of a form, then the reset page command is interpreted
as a reset form command. A get page status command produces a printed report on the status of the
corresponding page instance, including who published it, when it was printed, for whom it was
printed, and the status of any forms it contains or is part of,
The netpage logo which appears on every netpage is usually associated with a duplicate
page element.
When a page instance is duplicated with field values preserved, field values are printed in

their native form, i.e. a checkmark appears as a standard checkmark graphic, and text appears as
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sel ection 826 of the current pen, as maintained by the registration server.
Figure 38a shows a detailed flowhart of step 893 in the process shown in
Figure 38, where the accunulated digital ink of a field is interpreted
according to the type of the field. The process consists of determning
(at 896) whether the field is a checkbox and (at 897) whether the digital
ink represents a checkmark, and if so assigning (at 898) a true value to
the field value; alternatively deter%ni ng (at 899) whether the field is a
text field and if so converting (at 900) the digital ink to conputer text,
with the help of the appropriate registration server, and assigning (at
901) the converted conputer text to the field value; alternatively

det er m ni ngpebatexQ0y drakiegshed signhreref dppdadiin kisir arigimi fgina vl &@nht&ledccamﬂnjed SO
verifying ature of the pen's owner,

with the 1( OStf%ﬂ;;ﬂ) ra%l%‘éﬁﬂcﬂﬁlé%cceﬁ?ﬁs&%ﬁ?%g%ﬁg%t%{?r egi stration server, cr eati ng
(at 904) a di gi téiduglicgﬁé?%m@t mmtamepre@mserwste%m pfcthe coppspending ARt f or m
also with fsamcéwiup bm(grtnlm ffeﬂg\laﬁltasr PR, LMY QbcudB MfihiROant FEmP fenOMOIEr ' S

private re he ¢ respondl n ication, and

assi gni ng ng Ca'@ %C)“mf 0“5?*’5? rgiéef g'ﬁgw‘r‘& Samet"F?éafi?p%F"’tﬁep% qgmmang doess pa e
Server Comfrasdslogimpagemser \prexuconmind coy & tieonmanohding iehmdéns inktandvetld | ocal |y
by the pa%cl«%ﬁﬁlﬂ@ﬁcld Lfglues qg(%ﬁf@& Eﬁ thgld[)&ﬁltéﬁt%o%sf e91§ ? G t@erﬁgsegf?(%b{'g%lgt
i nstances. A page server command can be a void Porm corman

dupl i cat e PBPRCEITTEAfomg09, theasa?ﬂ%s‘fést 2 PRt FPrEOTTTEARE PP A get derPmeny sl ¢ at us
command 9 lcbmmanddiidahites @ pentfiag@rt GO MIRAEs &']t%,coﬁespd’nﬂﬁigﬂocmemﬁﬁlmﬂdﬁgl3 a get
page status c ocunen 3| : set
docunent cgh O*WJ?B% %enhwasmmgéf BomQFaS§P’étfu§n%%bG"?1’q° a§y1f7mé HSan in
Figure 39. A voi Hﬂﬁwpmsefwnmnﬁt@l%igeltctfé giobrels ponigh fhg cfogrand pesteance. A

dupl i cate hoOp LOMEBNEY méfgun%u&éaesefearoa eAREBEL Bidihd M tdnBRiR WS oRRthat hen

produces aﬂ@ra@tlve p“‘gﬁﬁ copy the current form instance with field
val ues pre Weﬁ’ﬁﬁf’ﬁﬁnﬁgs?ﬁép@ﬁw HY fesct Rapkdopd A4 4 R38° | Ds as

t he ori gisaabr,comnghd Sleméns for theldeSibiareg Hags ket @miraminihthiie @mingddigiknoked. an
application AR h rres i nst ance
and then pr oducegﬁgﬁﬁhgag{;r{g\?ggprl na?’gl\c{f%oqSé ec%f gafnﬁ%g 8rlﬁ1be?%nsgtntgenr(‘:eféva\l/lr3 PR field
val ues di se@Pregmand clgment froy lrwgtnﬁsﬁdjst'mmoﬁhmq@ spredadess te bpiritkagsorigpbrt  on
the stat U5w1£hfthethb&rlmﬁéargl’cﬁ§ﬁﬂl@xd;ﬁaﬂgxct:ﬂii@lhia p@& @ReLoomhl Udi ng who published it,
when it was printed, for V\/nom t was nte d.the formstatus of the
forminstance. SirRE ¥NFLF élf”iﬂ?nﬁl? ?éfn‘bse l@g‘?& SRS s¢afJuden on | D,
t he appl i cammnemn drasnttdoeshet hawenmhpmdonb an ppegducd gamonevichakditidagt nce. A
button requgs kaqgho@m@.-ﬁwe Lc%mdl Rt @a@g&deﬁcom fmga%ed laxaiffsl%lgj"px o fl,£ment ed
as a hyperlink. A duplicat e page conmand produces printe Ef)by of the
correspon dziagf-g;erﬁgg@mpqqg hag s @n selected” attribute set.

1.8 STANDARD FEATURES OF NETPAGES

In the preferred form, each netpage is printed with the netpage logo at the bottom to
indicate that it is a netpage and therefore has interactive properties. The logo also acts as a copy
button. In most cases pressing the logo produces a copy of the page. In the case of a form, the button
produces a copy of the entire form. And in the case of a secure document, such as a ticket or coupon,
the button elicits an explanatory note or advertising page.

The default single-page copy function is handled directly by the relevant netpage page
server. Special copy functions are handled by linking the logo button to an application.

1.9 UUSER HELP SYSTEM

In a preferred embodiment, the netpage printer has a single button labelled *“Help”. When
pressed it elicits a single page of information, including:
. status of printer connection

. status of printer consumables
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wi th 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 form command. A reset page command produces a printed copy of

t he correspondi ng page instance with the background field value discarded.
If the page contains a formor is part of a form then the reset page
command is interpreted as a reset formcommand. A get page status comrand
produces a printed report on the statyg of the corresponding page

i nstance, including who published it, when it was printed, for whomit was
printed, and the status of any fornms it contains or is part of. The netpage
| ogo whi ch appears on every netpage is usually associated with a duplicate
page el enment. V%iemleaelpa;gteenhnst ance is duplicated with field val ues
preserved,, fiel ddo‘élﬁ[llegﬁﬁ c Qfrinted in their native form i.e. a checkmark
appears as a standar eckmar k graphic, and text appears as NPTO1l1l-SG 29
typeset text. m@vlemlmmammaﬁéﬂﬂtﬁhatures appear in their original form

with a si gnat_urermﬁ@mmr@@hesbmerﬁcmMmdnuwﬂmeha}sig@@mnmg successf ul
signature verifi

t |'i cat nmand produces a printed
copy of the corr@g JSH‘&T‘*W “&%5 C?“dfsn‘g"t &ﬁ”ftf’?n‘backgr ound field val ues
preserved.* | f thmndn@mm“atioo@mMal ns any forms then the duplicate docunent
comrand duypl i Catﬁﬁtéﬁﬁn !nﬁ the same way a duplicate formcommand does.
A reset document’ conmand ro uces a printed copy of the correspondi ng
docunent i‘nst anciinyibe fetusgbadeginstind fiel d val ues discarded. |f the document

Cﬁnt ai ns any for ARlpculnB® Rmtidoe isriasadd bsiaﬁaymr@fegsmgqgmadndr&ﬁa{uauﬂgmﬁyﬁa@J ms in
the same way a, reset . A get ment statu

produces \é\@pl‘l REeq Eheosrtatmséﬁr)ln.{éﬁ%m?fté'f%ff teSo‘i”]%tlfli1 hsg%lr‘ %"ré} Wé’ﬁrblt‘h&’ O&b&‘f%nt

i nstance, dEh‘@teddmhgwhvmgndp'dlbdrmdrs@dasmlentlmemittbctasmnpr| nted, for whomit was

printed, and theTI%tIﬁﬁ)? ngtfwo&r@{recftﬁ Eﬁﬁ)w's Ehecﬁgé?ttcaﬁagiﬁate {hg hkﬁ%h)pﬁq:%b&gt{o}{ser
command's "on sel ecte attribute is set, then the command operates on the

page i dent¥f pesticengn bractpwh As ap alferative. Gepserer G tPealteWéaﬂ nefyes ‘S PHebehage
cont ai ni ng ymae pR@SNAAdpeak HhH Bmah b@wkor ahEBfut@fcapRGe Bedoied doamemais to be

printed. Lhe targ a esn qQnt a a ver el enent
Por "the- ddsibhBgbaS bR BIRE B be R e p R0 SR S SRS A
appl i cat i obeloamagsy GW‘Gfefe‘appl i cation-specific handling by errbeddl ng the

rel evant page sekMelh R EeRhuel SARAkbLE 1 1R heek hBlad p8h Al s Lhendage
server actjvag g‘—%’h‘fr h%ﬁerl i nk associated wth the hyperlinked group

rat her thaff™8x BFAYEIEE TR CEHTANGT "ahRYe server command
el enent i 2 hi ddensnsbNAuzsnthmtdmnN MabEr | bute is set. A hidden comand

el ement does not In%vtgl o%n dQSQH[%] \r/]‘%l’lg usB&le asgia?ne {fglabﬁlgangx? Q{Qgp@e 111uah—ca I Vat ed

directly by a user. Ovie e ac
conmmand erﬁ@ré@t@b@uanmeahaaismlert@m@tp@a@étem| Althopghnewsyig gften gged yrothe b‘@#ﬁﬁ%@b has its

"on sel ect@dewsgdolrlahdNelv@nagne news, the intended scope in the present context is wider.

In the netpage system, the editorial content and the advertising content of a news
publication are personalized using different mechanisms. The editorial content is personalized
according to the reader’s explicitly stated and implicitly captured interest profile. The 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 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 strip, a
freelance writer’s column, a friend’s bulletin board, or the reader’s own e-mail.

The netpage publication server supports the publication of edited news publications as
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1.8 STANDARD FEATURES OF NETPAGES In the preferred form each netpage is
printed with the netpage |logo at the bottomto indicate that it is a
net page and therefore has interactive properties. The logo also acts as a
copy button. In nost cases pressing the |ogo produces a copy of the page.
In the case of a form the button produces a copy of the entire form And
in the case of a secure docunent, such as a ticket or coupon, the button
elicits an explanatory note or advertisgi ng page. The default single-page
copy function is handled directly by the rel evant netpage page server.
Speci al copy functions are handled by linking the |ogo button to an
application. 1.9 USER HELP SYSTEM In a preferred enbodi nent, the netpage
printer hasellassstha gieeegipioh tob multiplbelelve cirdakie | By handlihg the pregsedaridtheedeitbé t s a
Singl e Pagglind I RLTRLLRich AU UM, Bing AR SeOl: PRI BlhccGRRAAREL LET
status of printer consumabl es top-1evel help nenu” docunent
function ﬁ@ﬁﬁ°“¥HBdPéngmﬁéFﬁ@@ékﬁéFW@Pk dlrectory The hel p menu provides a
]tn erarchi cal manug su@d’drllh:ﬁ\mntd@ aUfRafy ﬁmpap@tb@asglectﬁg sﬁeedsn morJ B&htrhaGid ][nam g
unction ne inc es .t he n a copy of a document
brint o ol BatetoB iR er il | oo O uffRepR i e e AR P Bt ot
function |@MW¢W@$@H@Maby@smﬂ@MwWﬁﬂeysumgm@ﬂ@mbﬂ4mmwmamdmmﬂbmmtﬁumhrng any
page of thHg dOGHTRM ta;ﬂtg%ﬁa&mlf@tm@da mﬁs@tm;,s h@%&&h&ﬁm Bepubl i shed it
and when, to whomit was delivered whom and when 11 was
subsequent | y subRiretdaubigaign #Brf?ﬁier?wn%ﬁ%&ép%@f fistqes dPPETEEPY PR ows t he
user to nadaﬂ;g aztne: diHR® apervaela TheafailPistilohaRiilable Fom EMINSET o Tifdls oline] oL

net wor k. alt erpat 8 ! gan call . e e, n rk.." 900"
Tr?p ¥ 1(% p% b gPlus h‘ﬁﬁtlo a ]5:1 Tnational (ép T‘%Qsl.\'% ths\?@%( ogr can

ra?o

nunber pages unan op e ‘oper a
| ocate t he“TeFé'Bfrlqge’d a@d‘émﬁé’hﬂ"h%n@f a‘rﬁéftbteéeqtlvnsvvmﬁf@ tq pspupliogtiony ds Ftteerdefafdependi ng
on the docupent type, the publisher or the user pays the small “yellow

pages" service fee. The hel a i s obviously unavailable if the printer
is unable to pri ?eﬁe re ﬂ“?‘hfiX?E%‘E%gallY Rrvspapg by B‘F“‘}% AT SToEoni Fh AU THEE user can

request remping wmhindgnNdSicss Glr@ms.t figstome tovink might PERG@RALGr Z&EDki PuiBl FEAF1 ON MODEL
announcements {‘“Personal”}, or for monitoring news feeds for specific topics (“Alerts” or
“Clippings™).

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

The reader also optionally expresses a preference for a large number of shorter articles or
a small number of longer articles. Each article is ideally written (or edited) in both short and long
forms to support this preference.

An article may also be written (or edited) in different versions to match the expected
sophistication of the reader, for example to provide children’s and adults’ versions, The appropriate
version is selected according to the reader’s age. The reader can specify a “reading 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 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.
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In the follow ng description, news is used as a canoni cal publication

exanple to illustrate personalization nmechanisns in the netpage system

Al t hough news is often used in the limted sense of newspaper and

newsnmagazi ne news, the intended scope in the present context is wider. In

t he netpage system the editorial content and the advertising content of a

news publication are personalized using different nechani sns. The

editorial content is personalized acgerding to the reader's explicitly

stated and inplicitly captured interest profile. The advertising content

is personalized according to the reader's locality and denographic. 2.1

EDI TORI AL PERSONALI ZATI ON A subscri ber can draw on two ki nds of news

sources: those t hdicledefith \hiph priesis:s podb shoctalifetoms are  dirdfotchdB@iveih atnsdekd ver news

streams. VIl G spHRLdiGR L LRSeMNeRa AI:EIRLALuRIR£di ted by the

publ i sher, news streans are aggregated elther by a news publisher or by a

speci al i zed news TheagferRyHESYY SPREENGS 2 pripirirta pter eithengynlaively (egofls eslsBhd t o

tr gdi ti pngaumﬂ@wmapaﬁy&ﬁ@ng mggr?&&m R8s lowdMthd BreklBMSsad idr@RANBInEARindE MANY

and vari ed: "raw news fe roma news service, a.cartoon. str a

freel ance § Hz?’f’ 1é‘trl“Te\s%“(':“c’)’lg'\Ll}érr%‘,gh %‘:t?rl”?ag‘ﬁdméor%ﬁ(ﬁ@ﬁ tﬁe BEEPFIop TR ﬂf]?aeaé&lg‘f’ s own

e-mai | . Thie theetaprag epepifitsl deppaityi. Hrilif@niserendinig fotot gn bhpeqifiel idr ddfbiemnayetof edi t ed

news publigald.ens as NPTO11-SG 31 well as the aggregation of nultiple news

streans. By handling the aggregati on and hence the formatting of news

streans sel ect edTefiFEetasy opRPnaly arepiigidasics of prgticular {tgiest within p segtiqngang) thiz

adverti si ngodifits thPprieiSes @Q¥sRHedWh the Bditofs. Ot herwi se has no editorial control. The

subscri ber . bui l d%heaspge ! L‘ the pc%%e"???npe%et poXne%t?olnea%gclts %Qlﬁi’  whith ifael chltl | buting

news publications, and crea I ng a personalize VBFSY Bn" o "EEEh e

resul ti ng dhyereg. dirsaden pesionplle snseifiey@rtfesmer folfgiva dnagegetnkder imygeoorfotkilhgl e

n?WBDaDGF-thﬁmM&ﬁh@y§ﬁﬁﬁﬁbﬁaanaﬁwﬁ,maﬂﬁﬁﬁ@hl.&Mﬁh&&hEVmﬁéﬁﬁﬁﬁﬁg&Qﬁlr

di fferent |nter%sts anﬁ_tastes by. sel ecting different daily publications

and then COYYERYIAG YRERCEEPPESEN: publ i cation, the reader optionally

sel ect s speci fi cAsegibaidnsl, thSaadr pediids dnsqaipiendatesdies and makdtdrevabiedes S appear

weekly. T o |- Lons..avai . ] Yark. . Ti i.ne, for

exanpl e, pﬁ?ﬁ%ge S%%éga %ﬂ%%%gkﬁg{ﬁg%%%ﬁ%%ﬂgcQ?%%é%ﬁé?}%%%%wgai%%?nioWﬂ

" Busi ness "formappidsylpqal qupgpiey, and Whsthprrfby loggljzationgngpist epin it dranslatfyneor gruptatish.

;at_\éai ! ab:je BR& QRSB fre 8ﬁﬁ€d;jffdnﬁhér@ad&’spéb@1kt§9}g&efaﬁlﬂ, as is the default subset A
e reader can extend the _news er creating custom sections, eac

one draw g on_ ShiHGABEP SRS SR o Vet DS o DI RGHE e

creat ed f agiobal-mferkneafid aflarpe pokbseéntatian Boh e mennazef irPenbdaabriingly,cimd flosy

moni t ori NG, AeWs.fieRAsntclicdtRE&h bige toOPics ("Alerts” or "Cippings”). For

each section, the reader optionally specifies its size, either
qualitatively (eTlg la%eﬁetlfl which a news publication is published, and its corresponding text

encoding, is a property of the publication and not a preference expressed by the user. However, the
netpage system can be configured to provide automatic translation services in various guises.
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 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.

A news publisher’s most profitable product is advertising “space”, a multi-dimensional
NPT011-SG



medium or long), or nunerically (i.e. as alimt on its nunber of pages),
and the desired proportion of advertising, either qualitatively (e.qg.

hi gh, normal, |low, none), or nunerically (i.e. as a percentage). The reader
al so optionally expresses a preference for a | arge nunber of shorter
articles or a small nunmber of longer articles. Each article is ideally
witten (or edited) in both short and long forns to support this
preference. An article may also be witten (or edited) in different
versions to match the expected sophistication of the reader, for exanple
to provide children's and adults' versions. The appropriate version is
sel ected according to the reader's age. The reader can specify a "reading
age" whi chentigkiesrmipd g ke eubtianiavedeodriphic rcmkafa@d,ﬂ@isﬂabf ingadershipeitsaedderelies whi ch

nmake up e re. s rltized by the editors, and each
i s assi gne‘%ﬂw&g%&% u?thEpfei%e a?ea%h%ge %eag fst they are delivered to aI I
rel evant subscri behsnetpage sypiemyrthe wtpa&m@kcatlcslwmw@?mpl@ssf}?a?@Efmemﬁstnrﬂar nts in

t he subscriibgkisnal G b HRBlicalibh SALLHIORS MR Back ton aspeaﬂaroﬁnﬁgmartaﬁmgh{a@ reader
may optlonall %g)le col l aborative fi terln? is.is then applied to

artioles il 1SNt $PETRBITLPYPBD A ToFHoR “‘r‘i‘ée”h@aﬂ’ﬁ i o BT
gual i fies soin edmln,l cadhoeagtrisudvefisihg @orionign,iasd qach reddets dwhdghepliat i ng but t ons at

th d of th T .
| ?kgg" gn q ,,SI ‘;‘ o&hﬁsson xblﬁak&’l'ré} &Q&E t&%tpﬁgre%yéteql 1ﬁ]@@m§%§%§%£§°%§ﬁ%  Be go?her ‘o

rate the d&freddy %eatemﬁrmlﬂld siovy zmaéhﬂt Higepseed it i lzeﬁolﬁ pegrately-i Iothirefpra glloamét s hor t
lifetines @rs@dgtmgg@foqﬁemafafuectl veI y conS| dered essential readi ng by the
editors and are delivere g‘ evant bSUblaC“ bers. The reader |
optionally specifies™% serf &l V?“ysmﬁa Fan % PR Vi TORSFoU YR 9. do or
don't  surgdrdrisers.ath indordusl uemders’ pagdet sandolyhrpagiving e edwditipinest of actadwerthaower s t he

threshol d Jsgd Jv&ﬁu ﬁi‘@sExQﬂﬂ%ml Aibron 9t sp&bdiPB QUcBLd Bt i | tering. A high factor
makes it nore lik f‘le correspondi ng section will be filled to the

reader's specifié Bﬁlﬁ‘é“blsi’sfm Al faduqrisig b Helephi drgetly de t dteileda proghst
specified Mﬁna%xlfaﬁeﬁrﬁfﬁpuﬁtﬁaéﬁlg aftheréfdsrerameﬂlke.mtfﬁh& vﬁleadefe a@leﬁxeing)@ﬁdeonal |y

specifies topicsgof particul.ar F i.,on é
modi fies the pri OI’ : I%SQ esrsoréas1§aiUOn angrﬂqbzg ]ﬁ)ﬂ ar‘e’:\'han ecpau% yb nétaa Pub1 atlonr eader"

| nt er net COTEre o adrertiing em@atpm@nmtdp tasbltatﬂywmaé hoverﬁafgefst@agpoh@hy ded i ver ed.

The readergep ap@ﬁ@hhysuﬁge@@ﬁtfdlss‘ggmgaum BLRLIEN 6L adsOf isfaBWRLic | THRGRRes ¥mopdTRI | €T
i mages or bot size of images i s _not reduced, .then

i mges may*°H& ‘ETEY‘?I f{}‘e‘?’lgltfheés[ t"ldfﬁ}\ﬁ}m Efﬁ%ff‘ﬁ”igﬁg??ga@m thp to JirgHks CaRRESHIAETEN or with
great er cdivpr &egh @R rdveditingagglegials tikeig alpropbrtien dfecadmsm@pemef puBEshrOivay

quant I t I esf qﬁlet ﬁ'l nget r%%euﬁﬂq)em&eéfatﬁ%/gr\égér e%t%::leg! of ag I% all 11, %ge acil\-fglltl§ml nVO| ves
speci fyi ng V\/net nits are 1 nperia ({ ocal” tinezone and time
aggregator acts as an intermediary between advertisers and pubhshers and may place the same

advertisement in nmltiple 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 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 advertising space,
Automation is particularly desirable for the placement of advertisements which generate smail
amounts of income, such as small or highly 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 lays out each user’s

personalized publication, it picks the relevant advertisements from the netpage ad server.
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format, and a | ocal currency, and whether the localization consist of in
situ translation or annotation. These preferences are derived fromthe
reader's locality by default. To reduce reading difficulties caused by poor
eyesight, the reader optionally specifies a global preference for a |arger
presentation. Both text and i nages are scaled accordingly, and |ess
information is acconmopdat ed on each page. The | anguage in which a news
publication is published, and its corrgsponding text encoding, is a
property of the publication and not a pref erence expressed by the user.
However, the netpage system can be configured to provide automatic

transl ati on services in various guises. 2.2 ADVERTI SI NG LOCALI ZATI ON AND
TARGETI NG Z8e pebserRddarzes i on of the editorial content directly affects the
adverti si ng,gont ﬁ%rmatu@ﬁ_?ﬁ‘tﬁﬁﬁg advertising is typically placed to exploit
the editori aI cont ext ravel™ ads, for exanple, are nore likely to appear
in a travel sect TeRPerspralzationssodve prs otipmbleationerchds op dresssetinenbefivsd-sreeific ent t o
an adver ty:sm¢ infoandod, Renafore to the publisher) lies inits ability to
attract large nungers of readers with the right denographics. Effective
advertising is placBY SHFm@i¥asis of locality and denographics. Locality
det er m nes* pr oxi wilibyrati® fibering v@wksar services, retailers etc., and particul ar
interests and copgerns, .associated with the | ocal commni ty and

envi ronment. Denographi cs determn ne general interests and preoccupations
as well as ||ke|ryessr’;§9élﬂlaﬁ’r?fgfem‘tter ns. A news publisher's nost profitable

product is advertrmasncﬂ@;nlzsmc a pubRdlidd 1sdiyPRAK AdAdatiotNpLHit]l -RCs33nentity

det erm ned bli.catiaon's hi c _cove e size of its
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to be sol gl pchASRS usk:® éoﬁ%o&ﬁdé%ltyrﬁag'ﬂlf&'torfg R S PP Vue Jr LA R ANET i Sing
"slot" can be sold in var ons to several advertisers, with

n
i ndi vi dual ™8 slyapere ‘-‘ﬁé{ﬁ’é@ é&f&almvw@éf‘ewffwg alpqyaintaed by fhe EdpuE ngPEONe
adverti serpumrcauoa@meher overal | preserving the proportion of space sold to
gﬁggcgﬁ;e;g ser ?n?agt BRHRARG A SLET Bl M RAYRB E4ad! D, 'Qulf, LlefHSE

numbers, are global by nature, and are maintained by a netpage registration server.

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

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

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

provider, and a publication is a special kind of application.
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information and online purchasing. It therefore raises the intrinsic value
of the advertising space. Because personalization and |ocalization are
handl ed automatically by netpage publication servers, an advertising
aggregator can provide arbitrarily broad coverage of both geography and
denogr aphi cs. The subsequent di saggregation is efficient because it is
automatic. This nmakes it nore cost-effective for publishers to deal with
advertising aggregators than to directky capture advertising. Even though
the advertising aggregator is taking a proportion of advertising revenue,
publishers may find the change profit-neutral because of the greater
efficiency of aggregation. The advertising aggregator acts as an
internediary bet Reenseaghdenay bseutorian b yseddly nehter  pridere80pynd plohpentdr ey same
advertise nd:.%g&/ al&ﬁuﬁﬁ)gr Bf lBLr? leyep 'Egc%%!seQ H’c% a s:kléle he%au\@glruhg (art] gé)l tn %hl%h %;mc?‘ A
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for these1m$g®mma®smﬂ§)wmnuhudpmg support for automated auctions of
adverti sing Spac@me, M&pm&aﬂ@a 408 193" mfemo@rsba/ e s%sf(loer alsphsaus’ll acerment
of advertisements which generate smal'l amunts of inco ne, as small or
hi ghl y | odaPidredO3dy erfgrehnionedt O ceeciied Papfener %glsebééﬁfalﬂtewqraflw, t he
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net page ad_ser.ver. Les di_nal the publlshe ecords_ th | acenent
on the rel&Ran u’asm °£“gﬁg||6%€¥8h sgﬁvgﬁmevﬁelm%% iy B Ilgm ffcation

server Iaygmawwsea@ﬁmW®€mngm personal i zed publication, it plcks t he

rel evant adverti $RnRRES if Lcsgmotmten&td@é&smﬁﬂg S&F ¥6file BRI 6y Bttudr 3 USER
PROFILES 2.3.1 Information Filtering The personalization off news and ot her

publ i cat i JKE24ETESELIOBIFraR Via the BNS fRdft "Sti “lser - specific profile information,
i ncl udi ng: . pubhm&$UHmmmumsbﬁﬂmzmmmﬁﬂSmpﬁﬂhhabamamtuem@éhﬁﬁfwmgmmgctors

contact degalLg. Rf r?e%%l;td%é {‘lf pnctﬁm%!eg GG wed %m%%{rslt 8%% Eo%ﬁém%ﬁg inid on

publication 1's"typic I on- spe |f|c om zation
|nfornatldﬁnwgf%ﬁmﬁ$HWW@@ by the rel evant netpage publlcatlon server. A

col | aborative f'i'ﬁe%ﬂp% SHRMLEH colQRSh Bénals Bff a Jrir HSEder, Foef Al lcBRisRins Sh NUTDET
of news itens. ¢r8%HW@'tO correlahg different users' interests for the
8 %

pur poses dFCOWﬁI?fI?. Hatm Brﬁ:uée R Bra‘d?lisr s prnters. Such income can include

advertising fees, click-through fees, e-commerce commissions, and transaction fees. If the printer is
owned by the user, then the user is the printer provider.

Each user also has a netpage account 820 which is used to accumulate micro-debits and
credits (such as those described in the preceding paragraph); contact details 8135, 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 §18,
fingerprint §19 etc; a handwriting model 819 automatically maintained by the system; and SET
payment card accounts 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 organized as a
hierarchy of folders 924, a preferrred embodiment of which is shown in the class diagram in Figure
41,

2.3.3 History List
The system maintains a history list 929 on each user’s behalf, containing links to

documents etc. accessed by the user through the netpage system. It is organized as a date-ordered list,
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there are benefits to maintaining a single collaborative filtering vector

i ndependently of any particular publication, there are two reasons why it
is nore practical to maintain a separate vector for each publication:
there is likely to be nore overlap between the vectors of subscribers to
the sane publication than between those of subscribers to different
publications; and a publication is likely to want to present its users'

col l aborative filtering vectors as parg of the value of its brand, not to
be found el sewhere. Collaborative filtering vectors are therefore al so

mai nt ai ned by the rel evant netpage publication server. Contact details,

i ncl udi ng nane, street address, ZIP Code, state, country, telephone
nunbers, a#ecfgtedpabodimentplivhichas shawdin g elasydiaphaintegrddy. a net page regi strati on
server. Prggentajjanp ,GQﬁﬁiA%rqu_g , including those for quantities, dates and
times, are likewse global and maintained in the sane way. The
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status, incone,

i nformation_ suc of birt rital

pr of essi orf" %H‘ﬁgt ‘ffcct)ar‘?gles theyqaﬁ%ql?cf‘p%t%ga%fg’?ﬁ%% iRESORE as age range and

i ncone range. Folheddpgsingsaip Sornhetiohaoseachipved vtk afldlp ergmygbertishi oatiomt i on f or
adverti si ng iNRAEESes iflf td geztfaﬁ ki e g Ilgoﬁmgm %ﬂ)up# SR ABhiEvant

netpage registration server. In the absence of such ormati on,
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t he user' Sfor iébffdg tateddl Hiaéﬁ&llﬂ&mhlf:&e buH]iSﬁBn baofxke ofﬁl’spdaiaﬁéatura&pdd-lﬁﬁiﬂsélﬂ

provi der arngl. ?peg%l cation is assi gned its own unique identifier, and the
net page regis Ion server maintains the relationships between them as
shown in Fi gur eghepaitorp conpgt siveke fr tRopsery egindiny it 04 aporiprdsiesges anpubl i sher

I's a specig@dphki, RehcaiddRkdoflzltOMrioR bR Hles. and a publication is a special
ki nd of applicat NPTO11- SG .35 Each user may be authorized to use

any nunber of pr Ji”?ﬁ Bfirg PEGHS. iclpding e ﬁelﬁfl?‘h‘fféfis 3}he SéﬂF‘It‘B’%\PfaWrﬁh?PB’éﬁ“ of users
to use it.mEgghteusdpndas laos hngheveded, aldittmpnd mbreblo(eartaclﬁﬁr): the ugerwhrhted

peri odi cal 19+J§%eepgg%én9@%hﬁ%amg§&e LS. DY hcalﬁi,‘%g ! et LR DRARE. BE! Nt ed. o

demand are rinter hrou e UL S i eracting.
The ser veraﬂk‘@é%)%gﬂtﬁcﬁ’éﬁayﬂfdﬂv{ﬁ%honﬁubl i shers a user has authorized to print
to the userss debmﬂﬁENpmmer A publ i sher does not record the I D of any

particul ar print resol ves_ t Igrf when it is required. Wen

a user subscribe n°§83§ﬂ?°8m3“ Bﬁfb‘f‘?“& A5 BFPIgfor oicfrat db‘ﬂtlj’}‘?oé‘ﬁ‘édrpe@’(ﬁ%m(s‘iora%e
appli cati am thepetpage akeworl803) is aut horized to print to a specifi ed printer or

the user s delaUb e Bicn T BHUIRE LEA A GADRG, LEXRKES, By 11 me

by the user. Each user 'may have severa sgpem ficto
a single P difipn gnd jgfgpmajion S&‘HP%B?WGEE@“!‘@E%@ adiganst T@lﬁpaﬁiﬁcpﬁoﬁna@?ﬂ t hen
t hat pri NteBiisists 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 contains fully-formatted text represented in the Extensible Markup Language
{(XML) using the Extensible Stylesheet Language (XSL). XSL. provides precise control over text
formatting independently of the region into which the text is being set, which in this case is being
provided by the layout. The text object contains embedded langnage codes to enable automatic
transiation, and embedded hyphenation hints to aid with paragraph formatting.
An image object encodes an image in the JPEG 2000 wavelet-based compressed image
format. A graphic object encodes a 2D graphic in Scalable Vector Graphics (SVG) format.
‘The layout itself consists of a series of placed image and graphic objects, linked textflow
objects through which text objects flow, hyperlinks and input fields as described above, and
watermark regions. These layout objects are summarized in Table 3. The layout uses a compact

format sunitable for efficient distribution and storage.
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recogni zes any of the user's pens. The pen IDis used to | ocate the
correspondi ng user profile maintained by a particular netpage registration
server, via the DNS in the usual way. A Wb term nal 809 can be authorized
to print on a particular netpage printer, allowing Wb pages and net page
docunents encountered during Wb browsing to be conveniently printed on

the nearest netpage printer. The netpage system can collect, on behalf of a
printer provider, fees and conmi ssions,on income earned through
publications printed on the provider's printers. Such inconme can include
advertising fees, click-through fees, e-comerce conm ssions, and
transaction fees. If the printer is owned by the user, then the user is
the printer provider. Each user also has a netpage account 820 which is
used to accunul ate mcro-debits and credits (such as those described in

t he precedi ng paragraph); contact details 815, including nane, address and
t el ephone nunbers; gl obal preferences 816, including privacy, delivery and
| ocalization settings; any nunmber of biometric records 817, containing the
user's encoded signature 818, fingerprint 819 etc; a handwiting nodel 819
automatically maintai ned by the system and SET paynent card accounts 821
with which e-conmerce paynents can be nmade. 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 systemon the
user's behalf It is organized as a hierarchy of folders 924, a preferred
enbodi nent 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 docunents etc. accessed by the user through the

net page system It is organized as a date-ordered list, NPTO1l1-SG 36 a
preferred enbodi nent of which is shown in the class diagramin Figure 42.
2.4 | NTELLI GENT PAGE LAYQUT The net page publication server automatically

| ays out the pages of each user's personalized publication on a
section-by-section basis. Since nost advertisenents are in the form of
pre-formatted rectangles, they are placed on the page before the editorial
content. The advertising ratio for a section can be achieved with wildly
varying advertising ratios on individual pages within the section, and the
ad layout algorithmexploits this. The algorithmis configured to attenpt
to co-locate closely tied editorial and advertising content, such as

pl aci ng ads
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is then laid out according to various aesthetic rules.
including the selection of ads and the selection of editorial
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pr ef er ence.
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2.5 DOCUMENT FORMAT Once the docunent

is encoded for efficient distribution and persistent storage
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and pieces of text. A text

obj ect corf ains fullly-formatted text! represented in the Extensible Markup
Language U%@E) u5|ﬁ§mpﬂe Exten5|ble‘Stersheet anguage (XSL). XSL
provi des precise cdmﬁgebmgﬁap text [irr@®dobl Ng 1|ndependently of the region
into mhichthc et 5 errg—set—wht-eh—n—thi-s—icase i s being provided by
t he Iayout.avﬂ t ext°8B'ect cont ai ns enbedded | anguage codes to enabl e
automati c | transl at/GephicapiectdhbeddedS¥i@phenati on hints to aid with
par agr aph FOmEt tT THexdh Dnuge objegt—encodes—an i nage in the JPEG 2000
wavel et - bgsed conpriessed 1mage fornat . A .graphiic object encodes a 2D
graphi c in Scal abl 2%&ct or Graphl cs [(SVG format| The | ayout itself
consi sts qf a seri gspthalpd@cKett iIDVBgEXAONSOr aphi ¢| obj ects, |inked textflow
obj ect s t hroug kvw"“h text—obieets—Htow—hypertHnks and input fields as
descri bed 8@ PPwat er mar k regifons. These | layout objects are
summari zed in Tablezﬂw The | ayout uses a conpact| format suitable for
ef ficient |distributj leatBR Do BRI age INPTOT1T=SG37] NPTO11- SG 38 Tabl e 3.
Net page | ayout ohjerﬁtcLavout Attrihut eFormat of| obj ectlinked object

Field Type -

Meaning -
7one -
Watermark  |[Zone -
2.6 DOCUMENT DISTRIBUTION

As described above, for purposes of efficient distribution and persistent storage on the

netpage network, a user-specific page layout is separated from the shared objects to which it refers,

When a subscribed publication is ready to be distributed, the netpage publication server

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

document, and document instance.

The server computes a set of optimized subsets of the shared content and creates a

multicast channel for each subset, and then tags each user-specific layout with the names of the

multicast channels which will carry the shared content used by that layout. The server then pointcasts

each user’s layouts to that user’s printer via the appropriate page server, and when the pointcasting is

complete, multicasts the shared content on the specified channels. After receiving its pointcast, each

page server and prinfer subscribes to the multicast channels specified in the page layouts. During the

multicasts, each page server and printer extracts from the multicast streams those objects referred to

by its page layouts. The page servers persistently archive the received page layouts and shared
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| mmgePosi tion | mage object | DPEG 2000 G aphi cPosition G aphic object |DSVG
extfiowextflow I D Zone- Optional text object | DXMIUXSL HyperlinkType one
Application ID, etc. FieldType Meani ng- Zone \Water mar kone 2.6 DOCUMVENT

DI STRI BUTI ON As descri bed above, for purposes of efficient distribution and
persistént storage on the netpage network, a user-specific page |ayout is
separated fromthe shared objects to which it refers. Wen a subscri bed
publication is ready to be distributed, the netpage publication server

all ocates, with the help of the netpage ID server 12, a unique ID for each
page, page instance, docunent, and docunent instance. The server conputes
a set of optim zed subsets of the shared content and creates a nulticast
channel famneach subset, and then tags each user-specific layout with the

names of the mJthJe %Lterclgg‘g ?\le§al\[’\@1|g ec\MtL Wwhitifed %Itlgy%pé (fgetge %91{1; %nt used

by that | ayout erver then poi ntcasts eac ser’s | ayo S to that
user's priaes thy fully-paralataplayosinng tenragigiers agdgrrigle i,  and when t he poi ntcasting

is conplet e rrutmdep astin® crhifrsGRAY, e peRlt SRl padds EREr SRORd btk Eéﬂ@éﬂé&?—‘! S.
After recej its 0|ntgast each _ﬁg server and qﬁhnter bﬁFrlbes to
Che. mul ti CHSPRE RIS S5k Rt e Pilas i S5 Paes P FifrGetifD e

mul t i cast sA00KB.CThe peiger cae thoreforechinlll i kicas of 1@Xxshichgetes if ftsainterhil 64MB|nﬁeimazst

streans ”H%@m ?drﬁ‘&ﬁp%r ufilek fL ’h% e ln‘irﬁs 2396 o@éf?eué]gr Eﬂﬁﬁgﬁgﬁﬂ? iservers

persistently archive the receive page ayouts an G 39
content. CYtigienttg l“PW&BeﬁF apps3Mhitaf page Betaner seeqd alsh iseindlat te thyyhighept ekiegiepage
| ayout's r eh®bfpabdtRtia@elivery 6Ver § Boadém@adRsikt he ful | y-popul ated |ayout and then
rasterizes and pﬁxlremmder atbnormal circumstances, such as when the printer runs out of paper, it is likely
that the user will be able to replenish the paper supply before the printer’s 100-page internal storage
capacity is exhausted.
However, if the printer’s internal memory does fill up, then the printer will be unable to
make use of a multicast when it first occurs. The netpage publication server therefore allows printers
to submit requests for re-multicasts. When a critical number of requests is received or a timeout
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
retrieving its page layouts and contents from the relevant page server.
2.7 ON-DEMAND DOCUMENTS
When a netpage document is requested on demand, it can be personalized and delivered in
much the same way as a periodical. However, since there is no shared content, delivery is made
directly to the requesting printer without the use of multicast.
When a non-netpage document is requested on demand, it is not personalized, and it is
delivered via a designated netpage formatting server which reformats it as a netpage document. A
netpage formatting server is a special instance of a netpage publicatioh server. The netpage formatting
server has knowledge of various Internet document formats, including Adobe’s Portable Document
Format (PDF), and Hypertext Markup Language (FFTML). In the case of HTML, it can make use of
the higher resolution of the printed page to present Web pages in a multi-column format, with a table
of contents. It can automatically include all Web pages directly linked to the requested page. The user
can tune this behavior via a preference.
The netpage formatting server makes standard netpage behavior, including interactivity
and persistence, available on any Internet document, no matter what its origin and format. It hides
knowledge of different document formats from both the netpage printer and the netpage page server,

and hides knowledge of the netpage system from Web servers.
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Under normal circunstances, the printer prints pages faster than they can
be delivered. Assunming a quarter of each page is covered with inages, the
average page has a size of less than 400KB. The printer can therefore hold
in excess of 100 such pages in its internal 64MB nenory, allow ng for
tenporary buffers etc. The printer prints at a rate of one page per second.
This is equivalent to 400KB or about 3Miit of page data per second, which
is simlar to the highest expected raghye of page data delivery over a

br oadband networ k. Even under abnormal circunstances, such as when the
printer runs out of paper, it is likely that the user will be able to

repl eni sh the paper supply before the printer's 100-page internal storage
capacity i% exha@etuedy However, if the printer's internal nenory does fil
up, then the pri phefodhdely P unable to nmake use of a multicast when it
first occurs. The netpage publication server therefore allows printers to
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request ed pag user ehavi or Vi Ehce” The
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interactiw&}wm:and persi stence, available on any Internet docunent, no

matter what i1ts gr]_'n and f hi des omﬁed e of dlfferent
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SECURI TY can then verify that the encrypted hash constitutes the “signature” of the holder of the private key with
respect to that particular message by decrypting the encrypted hash using the public key and verifying
the hash against the message. if the signature is appended to the message, then the recipient of the
message can verify both that the message is genuine and that it has not been altered in transit.

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

In most transaction environments, public-key cryptography is only used to create digital

signatures and to securely exchange secret session keys. Secret-key cryptography is used for all other

purposes.
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3.1 CRYPTOGRAPHY Cryptography is used to protect sensitive information,
both in storage and in transit, and to authenticate parties to a
transaction. There are two cl asses of cryptography in w despread use:
secret- key cryptography and public-key cryptography. The net page network
uses both classes of cryptography. Secret-key cryptography, also referred
to as symmetric cryptography, uses the sane key to encrypt and decrypt a
message. Two parties w shing to exchange nmessages nust first arrange to
securely exchange the secret key. Public-key cryptography, also referred to
as asymretric cryptography, uses two encryption keys. The two keys are
mat hematically related in such a way that any nessage encrypted using one
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NPTO11- SG specified printer. Every document sent to a printer via a page server is addressed to a particular user
and is signed by the publisher using the publisher’s private signature key. The page server verifies, via
the registration database, that the publisher is authorized to deliver the publication to the specified
user. The page server verifies the signature using the publisher’s public key, obtained from the
publisher’s certificate stored in the registration database.

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

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

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

number of pens. A pen communicates with a printer via a radio frequency signal whenever it is within
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41 In the follow ng discussion, when reference is nade to the secure
transm ssion of information between a netpage printer and a server, what
actually happens is that the printer obtains the server's certificate,
authenticates it with reference to the certificate authority, uses the
public key- exchange key in the certificate to exchange a secret session
key with the server, and then uses the secret session key to encrypt the
message data. A session key, by definigion, can have an arbitrarily short
lifetime. 3.2 NETPAGE PRI NTER SECURI TY Each net page printer is assigned a
pair of unique identifiers at tinme of manufacture which are stored in
read-only nmenory in the printer and in the netpage registration server
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in the netRageshegbstration server database. The pen ID 61 uniquely

identifies the pen on the netpage network. A netpage pen can "know' a
nunber of net pag@tSr§iitie gon canPersqsss Hipea in hepen ragisERPn REotocol, only a real pen

can decrypt the session key transmitted by the printer.

When a previously unregistered pen is first registered, it is of limited use until it is linked
to a user. A registered but “un-owned” pen is only allowed to be used to request and fill in netpage
user and pen registration forms, to register a new user to which the new pen is automatically linked, or
to add a new pen to an existing user.

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

34 SECURE DOCUMENTS

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

The “watermark™ printing process uses an alternative dither matrix in specified
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nunber of pens.- A pen conmunicates with a printer via a radi o frequency
signal whenever it is within NPTO1l1l-SG 42 range of the printer. Once a pen
and printer are registered, they regularly exchange session keys. \Wenever
the pen transmts digital ink to the printer, the digital ink is always
encrypted using the appropriate session key. Digital ink is never
transmtted in the clear. A pen stores a session key for every printer it
knows, indexed by printer ID, and a prignter stores a session key for every
pen it knows, indexed by pen ID. Both have a large but finite storage
capacity for session keys, and will forget a session key on a
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pen. 3.4 SECUREXXINVENIS.qIhe netpage system supports the delivery of
secure docunents such as tickets and coupons. The netpage printer includes

a facility*?¥o prNeN-RERHCHTRNr ks, but will only do so on request

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

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

4 ELECTRONIC COMMERCE MODEL
4.1 SECURE ELECTRONIC TRANSACTION {(SET)

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

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

certificates containing their public signature keys. The certificate authority verifies a cardholder’s
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from publishers who are suitably authorized. The publisher indicates its
authority to print watermarks in its certificate, which the printer is
able to authenticate. The "watermark” printing process uses an alternative
dither matrix in specified NPTO1ll-SG 43 "watermark"” regions of the page.
Back-t o-back pages contain mrror-inmage watermark regions which coincide
when printed. The dither matrices used in odd and even pages' watermark
regions are designed to produce an inyerference effect when the regions
are viewed together, achieved by |ooking through the printed sheet. The
effect is simlar to a watermark in that it is not visible when |ooking at
only one side of the page, and is | ost when the page is copied by nornal
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captured and stored in the registration database, linked to the user’s record. The user’s photograph is
also optionally captured and linked to the record. The SET cardholder registration process is
completed, and the resulting private signature key and certificate are stored in the database. The
user’s payment card information is also stored, giving the netpage registration server enough
information to act as the user’s proxy in any SET payment transaction.

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

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 provided to the user.

When the user registers for e-commerce, a network account is established which
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paynent systemnms. SET, having been devel oped by MasterCard and Visa, is
organi zed around paynent cards, and this is reflected in the term nol ogy.
However, nuch of the systemis independent of the type of accounts being
used. In SET, cardhol ders and nerchants register with a certificate
authority and are issued with certificates containing their public
signature keys. The certificate authority verifies a cardholder's

NPTO11- SG 44 regi stration details withsthe card issuer as appropriate, and
verifies a nmerchant's registration details wth the acquirer as
appropriate. Cardhol ders and nmerchants store their respective private
signature Kkeys securely on their conputers. During the paynent process,

t hese cer tdzskigées ascrapamete dht wenmetanad b platement oeptreguht basa, mdreathanke aand
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make SET gammeﬂfé.ﬁnﬂt@ aa@mg B4k &i Q¢ udePEvitdHe Fshcﬁ)plh% SR Tol ot b usel b&v&%}t page
regi stration server, e.in a contro Vi ronnment exanple
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regi stratigp database, linked to the user's record. The user's photograph
is also optionally captured and linked to the record. The SET cardhol der
regi stration proC¥SEPREs regiypHoP stE nsERtntineng WsHPYmey rettiovdipdesiediat ure key
ang certi fds&&ﬁc&n&ﬁ;ﬁce&i&@ﬁ@ﬂmﬁdﬂe iherrshet ﬁbﬂﬁamﬁ@@e 24UWBdne®r RANERBEvatesd d .
informatiqn re t ere ration server enoug

i nf or mat i 3‘ Tk 5%3 as th re%lgtg‘?ysag% E)X@ N grfg @ﬁgﬁ%ﬁﬁﬁ?mﬂg? SRYHEM on. When
the user evemntuednkyte bapisbciaed aprtieatibi Bhek topathet witlcbapndD 61,antpayaiienD, 65f or

exanpl e byThe§ﬁa9ﬂji@ﬁex@su&ﬁh&ﬁgﬁm%%ﬁkJa@%lmitlo}lhe printer securely transmts
the order information, the pen and the bionetric data to the netpage

registration ser VraPPIppion Saipiss styte iiqrmation indexed by s (B, andyjstaple ﬁ‘é?ﬁ@t’f{ to the
user i dentusdrisgdifibytatd Rrrpioh WilBout &MEhdd g BIOk:] nti§GE e &sr. t he user’'s proxy in

conpleting the Sﬁ;-le; system also maintains an independent certificate and private signature key for each of

a user’s applications, to allow it to sign application transactions on behalf of the user using only
application-specific information.

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

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

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

of publication.
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paynent transaction. 4.3 M CRO PAYMENTS The net page system i ncludes a
mechani sm for m cro-paynents, to allow the user to be conveniently charged
for printing | ow cost docunents on denmand and for copying copyright
docunents, and possibly also to allow the user to be reinbursed for
expenses incurred in printing advertising material. The |atter depends on
the | evel of subsidy already provided to the user. \Wen the user registers
for e-commerce, a network account is ggtablished which NPTO11l-SG 45
aggregates m cro-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
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' 5.1 SUBSCRIPTION DELIVERY PROTOCOL

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

A large number of users may subscribe to a periodical publication. Each user’s edition
may be laid out differently, but many users’ editions will share common content such as text objects
and image objects. The subscription delivery protocol therefore delivers document structures to
individual printers via pointcast, but delivers shared content objects via multicast.

The application (i.e. publisher) first obtains a document ID 51 for each document from an
ID server 12, It then sends each document structure, including its document 1D and page descriptions,
to the page server 10 responsible for the document’s newly allocated ID. It includes its own
application ID 64, the subscriber’s alias ID 65, and the relevant set of multicast channel names. It
signs the message using its private signature key.

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

The application’s certificate allows the page server to verify the message signature. The
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To assist the systemin routing product bar code (UPC) "hyperlink"
activations, the system records a favorite application on behalf of the
user for any nunmber of product types. Each application is associated with
an application provider, and the system mai ntains an account on behal f of
each application provider, to allowit to credit and debit the provider for
click- through fees etc. An application provider can be a publisher of
periodical subscribed content. The sysem records the user's wllingness
to receive the subscribed publication, as well as the expected frequency
of publication. NPTO11l-SG 46 4.5 RESOURCE DESCRI PTI ONS AND COPYRI GHT A
preferred enbodi nent of a resource description class diagramis shown in
Fi gur e 40. ragEseohr doowsienthe agisiraioneeertfais i tecdpplivayonie agiedier IDbied't byetigne or
nore resoujgkndessidoRid@ps 842. Resource descriptions use the Dublin Core
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exi sts, Ilfe 23,4 dashed line. During the tine an entity
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cut short as soo c A o | 2 RLRL QS
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differently, but ers' edi mon content such as
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with the same page. The printer then forwards the pen ID, its own printer ID 62, the page ID and click

location to the page server,

The page server loads the page description 5 identified by the page ID and determines
which input element’s zone 58, if any, the click lies in. Assuming the relevant input 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 hosting the application 71.

The page server uses the i)en 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 identiftes the clicked hyperlink instance
862. The page server then sends its own server ID 53, the hyperlink request ID, and the link ID to the
application.

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

responsible for the document’s newly allocated ID, together with the requesting page server’s ID and
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i ndi vidual printers via pointcast, but delivers shared content objects via
mul ticast. The application (i.e. publisher) first obtains a docunent ID 51
for each docunent froman |ID server 12. It then sends each docunent
structure, including its docunent ID and page descriptions, to the page
server 10 responsible for the docunent's newly allocated ID. It includes
its own application ID 64, the subscriber's alias ID 65, and the rel evant
set of multicast channel names. It si,gns the nessage using its private
signature key. The page server uses the application ID and alias IDto
obtain fromthe registration server the corresponding user ID 60, the
user's selected printer 1D 62 (which nay be explicitly selected for the
appl i cat i oths hyperlinkasdoest ihe user's default pri nt er) and the application's
certificate. TheTRaOsQJoh&q}%é &R}eﬁse&%& S%eﬁiﬁll% é&@atlgx?‘ﬁ?toﬁlg%ys?%tgé o verify
the message signature e serv r's request
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to the n i t he page and a

| ocati on ga?tlg‘t?lﬁé ﬁlgl%%ﬁ@% tcpgg{fﬁdr;'flsﬁ[l %srgnos%ec t:rlgeggéé;( ipthv\@’g b {LBQ%T of the pen from
t he pen co'it%ectlgﬁ‘%ﬂﬂt'@(ﬁﬁFOGﬂ'ﬂ@”b?qTﬁ?@f determnes, via the DNS, the

network address Ghed NReNRAGR aSREERh a hblgagh a1l hdhBge ;;ehechmﬁtc&ﬁwnettesnﬁege I D 50.
The address alrea t he user@#ﬁlas recently interacted

f
with the SHRE ‘fv)tgt@‘eemsfﬁ%paﬁ?l?“ﬁteeb‘hﬁq@ﬁ‘ 9 ?dfflé?‘ﬁ%ag?ﬂ’éaﬁ N5 PaLY s own printer
| D 62, the page Tio rainelr fodwiugkthe bapdB 61,018 otmOprinkellpéig e pae UEH0 and ivkppge server

| oads the page..d8s&r 1Al 9wl wagdentified by the page ID and determ nes
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 iniersects. Assuming the relevant input element is a
text field 878, the page server appends the stroke to the text field’s digital ink.

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

5.4 SIGNATURE VERIFICATION PROTOCOL

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

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

ID 61 and the pending strokes to the registration server 11 for verification. It also sends the
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whi ch input elenent's zone 58, if any, the click lies in. Assum ng the

rel evant input elenent is a hyperlink elenent 844, the page server then
obtains the associated application ID 64 and |link I1) 54, and determ nes,
via the DNS, the network address of the application server hosting the
application 71. The page server uses the pen ID 61 to obtain the
corresponding user ID 60 fromthe registration server 11, and then

al l ocates a globally unique hyperlink gequest ID 52 and builds a hyperlink
request 934. The hyperlink request class diagramis shown in Figure 44. The
hyperlink request records the IDs of the requesting user and printer, and
identifies the clicked hyperlink instance 862. The page server then sends
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. Eq_%esca alfo%thﬁ% ﬁla%q-ypeﬂﬁk%&vgt dape 8 %' l(afg? erver

also the alias | correspo |cd?|on e user 1D
It includéed ¢ e applitatien 11RIsp gontaing thedaymdy &6 ansrihe quoent ada qeprpiit pEthe foum If theaal | owi ng

the appli cadd daﬁtalhsqmse Stk (31s, ichl B8 Eppﬁ&ﬁ&i Jehﬁ;as eRA B&my eftRétink BhE 210Y psEd i nk
activation. | Tl When a _user. _draws a stroke

HAN
on a netpéﬁ?mﬁf*hmh %%Fﬁ?@ghggﬁ‘ fﬁ@mﬁ%ﬂm€gﬁﬁﬂh & STEEPOpdRS cedifivapdon o t he
near est nebqegera@niserietl. The stroke identifies the page and a path on the

page. The ggint e&oﬁﬁﬁmgﬁmﬁm%egcdp 61, its own printer ID 62, the page
| D 50 and stroke pat e page server 10 in the usual way.
A preferred embodiment of a commission payment protocol is shown in Figure 47.

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

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

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

credits the corresponding application provider’s account 827. It also notifies the application provider.
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The page server | oads the page description 5 identified by the page ID and
determ nes which input elenent's zone 58, if any, the stroke intersects.
Assum ng the relevant input elenment is a text field 878, the page server
appends the stroke to the text field' s digital ink. After a period of
inactivity in the zone of the text field, the page server sends the pen ID
and the pending strokes to the registration server 11 for interpretation.
The registration server identifies thg user corresponding to the pen, and
uses the user's accunul ated handwiting nodel 822 to interpret the strokes
as handwitten text. Once it has converted the strokes to text, the
registration server returns the text to the requesting page server. The
page server appeHds apfieativeprpvidepndetiido tredit thepaihigeprovisker, it leads theirinfer j@brdder 5. 4

S| GNATURE YR WA 4N PRI e s Wﬂﬁgl ehfak 'réaﬁ)éétt e hERRE S WIPREs hONE the

stroke intersects iSs_a signature field 8 page server 10 appends the
stroke to PRABEK et E)rté‘dl’si“@ e rringgr g %ff‘dslﬂi’ﬂ@redb&f"t terthegeleyaptiregistraion pFSEL i vity

i N the zonegedkr with@heprigdDLTIR rdsisedtidn sebberddagte SaEsy@ding s plotiger pRBunt | D 61
and the p ing strokes to the registration server 11 for verification. It
al so sends the NPT011l-SG 49 application ID 64 associated with the form of
whi ch t he si gnat keesduice|agplicafiop graviderais eptiptiallyg gotified of drenidénbty Gothategeet he

current daapammg,%aeroaﬁm &bsn&@pﬁhdgbﬁhm&hﬁw@égo&@e KRR plodht i fies the
user corre§pond| uses the user’s dynam c signature

bi ometric 818 tongré’f‘ ?Vﬁ%%ﬁﬂkes as the user's signature. Once it has
verified téhe sigPeMMeaanthe regi stration server uses the applicati on | D 64

and user I'D 60 f{&%ljﬁ%hl!atfllgu}és tSngd Stgé }[)e% «prall K egl;!;ngt@d §1l? e eltrgn%:ecn rénl'ay 1

si gnature key. ene stgnature of the
f or m dat a,indep ér’@tl%ngriﬁz e f@ﬂ“g%f £ allaS“Sﬁl Igwhlmaﬂl@mtgovatfh@?’ ﬂ@'qmesrt intprmge server.

The page e fd{%uﬁﬁéﬂlélﬁbi cbfi@néhisOitedkn t%f) 80338 #oBeritin isol&eab@ng,ﬁuﬁéd% &neleh el d and
s status to nat ur e

sets the 0 i

o udos (RB oL 1 365l R /et R s o red d e Dppeste pt UEOH S gl o
formto cdptsinge0drThd dopdr @07Uis dsesdf mpuldrdgtasiice 8ad iSfobncl GRWVsSIBMsGESInGhHROTOCOL A
preferred ;eghgdi oEnt mQLseﬁtofvsame%utagL @bnﬁgu%&%m wm@gg%t 2 Rhe cé re 46.

Form subm ssion occurs via a form activation hus | ows t he
protocol §éfichiesy 2imppingeagtt 09 fyhish %‘bS%l%lh syrgRdsfiesr and $pfertitie ovdngdid? pwles. I n t he
case of a ﬁ@é’c[ﬂg"ﬁbﬂ%ﬁhlmkhlchtﬂi‘@ec&y{ﬁﬁd’ fednike AGih |pMﬁi09Qi|ﬂd B SSRIEe cSfondlyy t he page

server 10 p ntai ns the rml D d the
current dat O}a?lclo ﬁ{meﬁt’ IP% if 18?81? én %?“Ism% ﬁ@ ‘BWGSW‘L ﬁ%mﬁwﬁgf’}bﬁé’%r e
fields, t rmmeqmoappﬂl(batthmﬂw vasing 108sSceaairean l3pyrr@xding tapanigreti A @ i as | D
65 assomtgct&,der%—; :Qe eﬁQJJe&%Q%Q{aP&dgleQé 1H@'mo§dd&§@$dé§ﬁn<ﬁ:%%x‘8@hﬂ‘éa@é ng the

correspond| ngr certifi ca% from
he metal end piece 114 is removable to enable ink cartridge replacement.

Also mounted within the cover 107 is a tri-color status LED 116 on a flex PCB 117. The
antenna 112 is also mounted on the flex PCB 117. The status LED 116 is mounted at the top of the
pen 101 for good all-around visibility.

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

or stylus nib 121 out through the hole 122 in the metal end piece 114. The pen 101 has three states of
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the registration server 11. 5.6 COVWM SSI ON PAYMENT PROTOCOL A preferred
enbodi nent of a comm ssion paynent protocol is shown in Figure 47. In an
c-comerce environnment, fees and comm ssions nay be payable from an
application provider to a publisher on click-throughs, transactions and
sal es. Comm ssions on fees and conm ssions on conm ssions may al so be
payabl e fromthe publisher to the provider of the printer. The hyperlink
request 1D 52 is used to route a fee g conmission credit fromthe target
application provider 70a (e.g. merchant) to the source application provider
70b (i.e. publisher), and fromthe source application provider 70b to the
printer provider 72. The target application receives the hyperlink request
| D from t heeptgebsemipgthe 0O 19 temugh RE stehy hethkee pktes age: f i r st activated, as
described J n SecdjiQn6ng121\4eN the target application needs to cr edit the
source appllcatlon provider, ‘it sends the application provider credit to
the original pag®* «&rdEsi 3 aYaeHednith the hyperlink request |D. The page
server uses the twipeidkicitsideqraist 19 dot dodstiickand hib y21tdae source application,
and sends the credit tot rele registratian erve 1lto et her
wWith the sour Cegéﬁcﬁ (?{gea}ftl{?}gnﬂﬁd glaun onanelgctromcs c%asmf B% s1ts w1{.hhn enyperl i nk
request | Dhoustigd 02.ddy¢ ssbamd 20l CHs BP yropnts @rlafdtretiSLEDHél fpoprp‘e@pmnﬂhmdgachqnpd i cation

provi der’ spAGGRUBY oftdie s&faceam gnaepsehiot e it BevidRRhukad d anqt% REA ke
NPTO11-SG 50 If the aEe i cation provider needs to credit the printer

provi der, 1 f€&eEng wEcolse radin fordla yeqee: 1or ssgyd AepPeHh 9 gk &P‘ﬁ’é?la iye server
t oget her vﬁenﬁbntmphyp evhich fiklude® GURE trankiitter BRERPREHEves @fdvtdontkbi@Shib N8t fohyper | i nk

request ogtpouhlg%%uu&yoft& R4 pt{cgagckﬁgpﬁ%@%on@;ﬁg&aed PRI sl &l evant

reglstratlon se er W rirn reg I IOI’I server
credits thHehagke e3pdRd rﬂ#ﬂgﬂr@fsqmrﬁlelrﬁamd&ﬁm@ﬁo the ewlgert and grgves W@ess@wrthfe

app: i ca: i Qﬂlaéérs%brgef po&ercamplqu!s h%t daﬁliebtftﬁe&dtgﬂ;neﬂtmtﬂﬁedﬁ%ha h%k 1itth iz?eot L ar get
app icati rovi de nt.er rov e nti 0 e
source app F £GHs E)3r o @Fe m%,ﬁ ‘%\l 21515%@" %R‘f‘ 86°°im°‘ El REcHANI CS
Ref er ri ng taterfoguaste 537 @ndathecka@ batrdh 25p & Hyreegelnecatzbaple dasiygndsie ditly the efrer ence
nuneral 1Q1,. mmlc&qa%ﬂl @%ﬁé@gonia% Adtndubifon LR, Ogmg%ﬂ ol ASnle§ o di ng

havi ng wal I's 103 fining an I hterior space nmount I ng e pen
conponent 39300?41%6"6’ €ﬁ 12388 '31?@5 riclargipg Qb B P%Wdﬁ9 Yidyingietion Yherergpt f&?a PQ? 1@)9ne end
106 of theudb wsmm niiﬁ?ed LADS &M il ARS pmdame QIQ\f&rdetacQZg dx@laS@G:hm@Gle bdn t he
opposite ebnd 1[958 g % OI%( gﬁver 7 LS so of ul ded
plastics, %nAd Fs" 8F1ne Srtyolf'sn% & Yl dg? £ gt & v are l?ﬂg%focfé’%metao enabl e
t he user t@tevmmprt dichedtrat hedg efplithie ticBDacobythepknwibt 9 or shive nivd@5iThgIRLO2. The
cover 107 hbta(ﬁé,aeci@aﬁ d@cc@ﬁm Ak Q8o G BLRRE QB shddn) Yodith LR HE Uit NE end
108 of the housin
blocks 123 an 124
Rubber grip pads 141 and 142 are provided towards the end 108 of the housing 102 to
assist gripping the pen 101, and top 105 also includes a clip 142 for clipping the pen 101 to a pocket.
6.2 PEN CONTROLLER
The pen 101 is arranged to determine the position of its nib (stylus nib 121 or ink cartridge
nib 119) by imaging, in the infrared spectrum, an area of the surface in the vicinity of the nib. It
records the location data from the nearest location tag, and is arranged to calculate the distance of the
nib 121 or 115 from the location tab utilising optics 135 and controller chip 134. The controller chip
134 calculates the orientation of the pen and the nib-fo-tag distance from the perspective distortion
observed on the imaged tag.
Utilising the RF chip 133 and antenna 112 the pen 101 can transmit the digital ink data
(which is encrypted for security and packaged for efficient transmission) to the computing system.,
When the pen is in range of a receiver, the digital ink data is transmitted as it is formed.

When the pen 101 moves out of range, digital ink data is buffered within the pen 101 (the pen 101
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projecting portion 110 which projects back fromthe main part 109 and fits
within a corresponding slot 111 forned in the walls 103 of the housing
102. A radio antenna 112 is nmounted behind the projecting portion 110,

wi thin the housing 102. Screw threads 113 surroundi ng an aperture 113A on
t he cover 107 are arranged to receive a netal end piece 114, including
correspondi ng screw threads 115. The netal end piece 114 is renovable to
enabl e ink cartridge replacenent. Al sg,nounted within the cover 107 is a
tri-color status LED 116 on a flex PCB 117. The antenna 112 is also
nmounted on the flex PCB 117. The status LED 116 is nounted at the top of
the pen 101 for good all-around visibility. The pen can operate both as a
nor mal nardderyy inflkdepe uianadraged & strondigrial ik fap Bt apbugimatéln 12 micutepenhegen t r i dge

118 with %Qlog&gm@émac@)a%yaw%&g&ué@ﬂtg} stylus nib 121 are nounted side by
side wthin the_housing ther the ink cartridge nib 119 or the

stylus nib 121 c&Ff ‘19%“"5?(9@%%4 if @P%Pdnfhﬁﬁeﬁ?]’&ﬂexEﬁ%ﬁgéfhtﬁeﬂ%iobflg‘ﬁfﬁéo net al
end pi ece ﬁampcmgfammwswaﬂg laﬁofemaaxpmam&m&n&&&memﬁsmtmﬁ/m Sliduebal alpd ocks 123

and 124 ars%owrfgorgrﬁrr]%sen ath]ilS oigl%Ri:c ip ?ﬁr{h“ dae senst)8139rllge tn—céllorléffB%EBD 1{6 &l?ﬁft | vely.

A rotatable ca secur ed n operation and
arranged titumipation ER} lﬁértbtvﬁRthceS?Iherldfé?riﬁbawthf}fomQﬁnsorpheﬂtJdld@sH‘a cam 126 in the

formof a slot wrihid cbhendpat) 5i341§31udé§ Tc&emm%%rb@;s&ell% sRMud Qlbioee s 127

and 128 prolectln fromsllder bl ocks 123 an fit wwthin the cam sl ot
126. On r oTHPIESAT B Teecomponsyt pidhe opptellendhig 13t ithel mprose kKd 2198518KB124 nove
relative tRRAMAKS ot hisy intladefhrAa) Batbe-@idighs codvirer poNs Miadged IOconedt Bl aphigs ni b 121

out throu 4] t ece 114. The pen 101 has three
states of %&%T?ﬁgg %’% e?tgc{t}?%gnm%lld@%?sﬁ%%hlg the top 105 through 90 steps,
the three statesAprigage Se@?fymﬁﬁaciﬂéz Mt%fa@w@@e imagq presos dp3-r4 trgescedd8 nib 119

out; and Jeidiberss kdikoaaahd did@e1sh b b uclhddd © blerfMRIwiis ind| REShibA03 Bhiby 121 out .
A second fl on an, el ectronics chassis 0O which sits

within the" °W&iﬁgﬁﬁé“%é%s&fﬁngyg%gﬁt?fﬁa’#l“@%""ﬁ 6 PG (hP e gy L i%r ared LED 131

for providi ng i nTheagoeabllingdk@tstmri4> taprurgsragj deddes tocaioh dats irem sags fiamahe An | nage
sensor 1373 By %%HQJF\;Q sémwﬁ%zeﬁlo rs [HAGor3EE QB nbi &eﬁﬁﬁc%@?%%ﬁn pgel ving

reflected radiation fromthe surface. The secon so nounts a
radio freglémtite Fﬂddia&%%,shwwﬂﬁ ridifcyoreaicatipn R therradics Henseciaer A R
receiver, rﬁdﬂﬂﬂ@eﬁﬁﬂB&E{#Mﬁ}@énﬁraﬂMo;mSCﬁ@d%§s510| ling operation of the pen

101. An opt| cs bl.ock ( noul ded ¢ ast i W thin
the cover 107 anJr r8fe§58 sgsgnmtg]f Lae{‘lscéger ERIRSAE o(%ar cégguf?’gcﬁ@ égg arr"‘iecel ves
i mages onttesebing cmfumalg@ megrsonsor] BRifacPd itk Hadhumpply M pelsS 1288 DRaAh &8tard he
conponent smgg?atédhﬁa&ﬁg@eoaagmﬁl&%@@ﬁal&g& éoglpoéaﬁ; (LK% xcuﬁqgﬁ A6 RE rebohhiolhsh are

nmounted with he cam barr el t erm nal connects to the battery
contact s 1‘?17‘“&?‘1&!569Pfép‘i?gljﬁdb‘hfp‘?%l’m@%“}% three voIt rechargeabl e battery 139
sits within the Ti@&nmmage sensor is a 215x215 pixel CCD (such a sensor is produced by Matsushita

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

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

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

In an alternative embodiment, the pen incorporates an Infrared Data Association ([rDA)
NPT011-SG



barrel 125 in contact wth the battery contacts. An induction charging coi
140 i s nmounted about the second flex PCB 129 to enabl e rechargi ng of the
battery 139 via induction. The second flex PCB 129 also nounts an infrared
LED 143 and infrared photodi ode 144 for detecting displacenent in the cam
barrel 125 when either the stylus 120 or the ink cartridge 118 is used for
witing, in order to enable a determnation of the force being applied to
the surface by the pen nib 119 or stylds nib 121. The IR photodi ode 144
detects light fromthe IR LED 143 via reflectors (not shown) nounted on the
slider blocks 123 and 124. Rubber grip pads 141 and 142 are provided
towards the end 108 of the housing 102 to assist gripping the pen 101, and
top 105 aligerficntr shdesnge comnpmichdch Wit besk itgioh ngretple peer. 101 to a pocket. 6.2
PEN CONTROLLER Tﬁeamerlgabomﬁm&r&l@ga{e%lt faclsifg @razm? ohbo%ptgpﬁﬁhaeg Gl Tts nib
(stylus nib 121 or ink cartrid , e rnirared
spect rum BEniEs wighegornpaplang gf tﬁ?wé lPlnaXtSh“élemcelFrﬁmtffs afeﬁho“mnbﬁgws 9apdcor ds

t he | ocat i mnn ghatrautfikleom t he nearest |ocation tag, and is arranged to

cal cul ate the distance.of the 19 fromth ocat i on t ab
utilising optics%ﬁ OW$%'d6%%¥%‘?@F%chﬁgmﬁéﬂsm$ﬁ ?Pﬁﬂ?%ﬁ ICRiSEse 134

cal cul at esmetire withohemfemde grsudidce tohaiopaes, dhﬂmgﬂequgtbn tagstb hgsagipied @ndevef r om t he

per spect i Vige dagt @gahmsg DPRS BEYV8Gi8 n bh&: bfrmg&@mthaqhanutpbéuioﬁ ol Lpg.RF chip
133 and antenna 112 pen 101 can transmt the glta I nk data (which

i s encryptEgeEgpe: é@kﬁﬁbieftys L PAERATRtr TP (8 £ et batprlrbsitedtedRY  t o the
conput i Ng ayslba@tian tagWithin tieha {S[ﬁ]ﬁb m;ﬁt dlermeﬁtamgﬁremy i@ntfeGeinme Elemdnbe di gi tal ink

data is transm tII'Ee acge ﬁ;#ﬂ%n asurgcg EE a AAS %mEthe ?}E tot:lie YO %f?rgcm range,

digital ink data'i1s ere e pen Re pen d%1- SG 52
ci rcui try iptpesedoed respdgiip fime toamﬂ‘&ng@dsfqn@n@vwbmmﬁgi nogilion, nk data for

appr oxi nat el y 1281H&eﬂh€ @&u@fpogl% AR sodld & g& 196w, Rety swt&aﬁﬁiloﬁrwhhﬁla@ be
transmtted | ater éff‘ﬁi% E’10| Ler chip 134 m)unt on the second fl ex
%“?f“‘fﬁ

PCB 129 i rf"Pé™p PESIUPR infgegtion prgpaley PEYH %M“? PPiFE AFEFPHY i n nore
det ai | t heac&leadnietemsaypinaky mufve bipleregdunibn, @hd B¢ tiod HypatibB 4f a Hiog loeer BBicwbsds Shows
represent aatcéuﬂﬂﬁteq sbhhe RF chip 133, the image sensor 132, the tri-color
status LED 116, e IR illumnation LED 131, the IR force sensor LED 143,
and the force seN%@ﬁGWTGBPG%'PI@H The pen controller chip 134 includes a
control I'i ngq pr ocpamffek Medhanididus 146 enabl es t he exchange of data between
conponent s of thf cont rHoI | er Chl 134. FI@? [ l%/ 147 and _a 512 KB DRAM
148 are al so i ncltid&§ Kﬁ‘oﬁ}‘f?l%@ 2 Fallprigien &F iss ?W‘efi‘ vapseniel ip Eigwe fhdbed to
convert t h:emranalbag@ on Bétgiad sided mEﬂletlhﬁg Lot S%N&mj’etﬂphﬁit adinexhe? 3d401,es a

di gi tal lljtllfAHreé PG 1980SR a 8 %gﬂ‘tfpgp%rsp v&lthb }gali)%and%asgglttnrot hetgel mage

sensor 132S nsceiver con e 4 are
al so i ncl ukielered prift preines e and 403 Whltlhémﬂlmh@#ﬂﬁmfig@?tmubﬂeouﬂ% in foll color and

with full bleed.

An integral binding assembly 605 applies a strip of glue along one edge of each printed
sheet, allowing it to adhere 1o the previous sheet when pressed against it. This creates a final bound
document 618 which can range in thickness from one sheet to several hundred sheets.

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

Referring to Figure 12, the motorized media pick-up roller assembly 626 pushes the top
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includes an RF circuit 155 and RF resonators and inductors 156 connected to
the antenna 112. The controlling processor 145 captures and decodes

| ocation data fromtags fromthe surface via the imge sensor 132,
nonitors the force sensor photodi ode 144, controls the LEDs 116, 131 and
143, and handl es short-range radi o communi cation via the radio transceiver
153. It is a nediumperfornmance (~40MHz) general - purpose RI SC processor.
The processor 145, digital transceiversconponents (transceiver controller
153 and baseband circuit 154), inage sensor interface 152, flash nenory
147 and 512KB DRAM 148 are integrated in a single controller ASIC. Anal og
RF components (RF circuit 155 and RF resonators and inductors 156) are
provi ded i shedt Higccthefoan the edrirayiphspa papbresensorag ehediest pim cigine #02ihbd 2 bplpiex el  CCD
(such a s nl S b 10 - T r oni rporatign, and is
describedqgﬁgg p%#g%gg%%%ggkﬁ$%g£éﬂiﬁkb G%gﬁﬁg&n% aﬁ%%%ﬁ%légm ]%§§oshi
and M Oz akqpposing intlifigseutip cgrdisurptpn @tome therirpishtSupes orth. flbe papbr o4 isurasm Gugrer a
Systent, h&Ek phh@RSR0D BYStcAR, oSl HitDipoBM26 %e po¥bit anf fize SFWMERESer 1,
January ZQ§QP mhi%h i ]gngot or at ed h%reln,b ,rﬁterence) with an IR
filter. THE dGHEFOIESH A8 g COTRERTS PR R SFCREh Y ERPRtAp fldAoRe by i od of
i nacti vi t ythevhertesttphsibjgeime. 101 is not in contact with a surface. It

i ncorporates a dedi I reui i it or he.force .sensor
phot odi ode 144 aﬁ %ﬁiggm&% t 3&%%%?3%@fkgmﬁ%gh%?ﬁg%%%0%%Vﬁ$fﬁ%ﬁlg%r 151 on
a pen- downvhegly gfigned Tigeg the dtaieht panersied). which edrigaimst & abbasizddrrollen elhes| spisensed

900MHz banghenQéBEBe WSEHinkY surGRME &3t B! ERRRRES: 609 Micdhd SRRl ElY I N the
unlicensed 2.4GHz industrial, scientific and nedical (ISM band, and uses

frequency M8pPFAY%And col i sion detection to provide interference-free
communi cat i on. | Refaringb FigtirssalRiand] 2e,Mikqaperaatpassds fiempe duglaxedppodmghe $0aN

[nfrar ed Dol GoARA AR Aalhf BA) o ET0NL: SG. S5 NLEI (684 (L S0 T ange
conmmuni cat | on w th a base station r ne Ea%e_ printer. n urfﬁ‘ne_r
enbodi ment870 tHiza fleks report e aiflegother prayaple afle witt shibsywhvalk ande cmerionetior s
nmount ed i NehiehgheOOTHBLovRIODR/ e LR@LIPEM i Abudet (6 2 e sRFGEMSKATRE 8lis 190 are
shown in F%gun% 9 agd .10 |qﬂgq§ft ou&IHn? The rOVISIOE of %he
accel er omePEPTARBRELe {race B dh PiEed 6l £ ifevh 8RS 1 Pofeg o 8 famshathedy i on
Wi t hout r ek@ragmoeorpovesithif @oehattocati on tags, allowing the location tags to
pe sanpled al a h@ughe il RenfbRC6)s | BRALILD Ly RGADA BRN{ACRLLY an
obj ect of interest rather than'a position 6h the surtace. or exdample, if
t he obj ecteoprbingfoy & elup pipply hose 641 fiputhe ak sprisidee 23, His aleSdhrraprdtsisut glem) , t hen
the tag | Gviedl, waaCibsBCahistB by @il kkith hRRgtafgia Ries t DenolddPubusigl ggpent can
directly identify the, i EH% el enen h accelﬁration asured t he
accel er ornesf“éorué“!isiﬂ}rge 5% fl?eeg A PR adﬂ“f/g?ﬁ% FERHIESIHE mpigings and sprung outer dors
are attached to the metal bracket and hinge out sideways when the rest of the assembly 673 is thrust
forward. This action exposes the glue wheel through the front of the molded housing 682. Tension
springs close the assembly and effectively cap the glue wheel during periods of inactivity.
As the sheet 604 passes into the glue wheel assembly 673, adhesive is applied to one
vertical edge on the front side (apart from the first sheet of a document) as it is transported down into
the binding assembly 605.
7.2 PRINTER CONTROLLER ARCHITECTURE
The netpage printer controller consists of a controlling processor 750, a factory-installed
or field-installed network interface module 625, a radio transceiver (transceiver controller 753,
baseband circuit 754, RF circuit 755, and RF resonators and inductors 756), dual raster image
processor (RIP) DSPs 757, duplexed print engine controllers 760z and 760b, flash memory 658, and
64MB of DRAM 657, as illustrated in Figure 14.
The controlling processor handles communication with the network 19 and with local

wireless netpage pens 101, senses the help button 617, controls the user interface LEDs 613-616, and
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integrated with respect to tine to produce an instantaneous velocity and
position. Since the starting position of the stroke is not known, only
relative positions within a stroke are cal cul ated. Al though position
integration accunulates errors in the sensed accel eration, acceleroneters
typically have high resolution, and the tinme duration of a stroke, over
which errors accunulate, is short. 7. NETPAGE PRI NTER DESCRI PTION 7.1
PRI NTER MECHANI CS The verti cal |l y- nountsgd net page wal |l printer 601 i s shown
fully assenbled in Figure 11. It prints netpages on Letter/ A4 sized nedia
usi ng dupl exed 8' /2" MenjetTM print engi nes 602 and 603, as shown in
Figures 12 and 12a. It uses a straight paper path with the paper 604

passi ng t hieesiaghl ytvbronihy e dRBSEsr 75 henderinf cngine SR 1ern #6061 Bongikts oftw mpxdiumt  bot h
sides of apesh@fice %érﬁldin% M%Moce&sgr foad JontFo(ﬂJanbm@éggr 73 ctntﬂmlflrhl:!a{es Qlﬂ?ﬁg AN
integral binding ass E ies a strlp of glue al ong one edge of
each pri nt B ergfiggepto Iarlslr"%\/\n“ﬁ‘?g“ﬁits EHHYRE %7t 0 the previ ous sheet when
pressed agai nst [The REhIDSPC rB@tieSand doimpass fmgumdscmdﬁﬁsumemb rﬁﬂ:&geV\ﬂi}lnf‘ehs can
range int \ sheet s.

repl aceabl %Lnl&lré\%gdcs:%?{ fr0| %‘Z%lpt : %ﬁ@oﬁb %ﬂ &1%% LF o'e Ha%/vlufmﬁes tﬂéts dupl exed
print engisyeisted Hemjetst H@@eftd§5%m r@hfam:iefr gt Ofvgr30 sfe%smenlgmﬁtp)xﬁteldmexe«bwhlml ve,

and cyan, dﬁ@ﬁ@d&h@ouerysxut@%ﬁmm@ﬁ&heeﬁﬂnuuwaws@r ed inks. The cartridge also
contains a mcro air filter inab The micro air filter

interfaces with A ‘B‘i‘sfer WH%S’OW@W@O"( FPé”‘ﬂ? fbApaRer fiRnspos apd @wnitgzgnk Thi s
provi des fushg éreguaiion with te @ster|0yA dhiplseas tHe nkpireMedA tHygr6€Ss of m cro

partl cles into ”Pﬁ'e M{H (%E‘IJMGIPJI‘![&% Q%ggﬁgﬁgllglrdyv{% Fot ggqu}tb %eheorcggsosl‘%?&l og the

printhead nozzl es. I ncorporatin er wt ridge,
the oper &l@@‘ﬁﬁﬁhﬁ? és W7l 2 profigurqtipnegata) Bhisd$ gopicd iomwnemomééﬂatb@ttnhfe life of

t he ca[t r } dge. The grétkss&anss, Dsdges7i ﬁld@gftglniaﬁécelwee&mgé)xﬁm graﬁa&@ug&uwe; h ta
capaclity r|n an ul n ets ererring (6]
Figure 12 7%§ base@a“ g& g%}gﬁf &“"gﬁat&&i}m&ﬁmgmng& eagglgﬁéﬁe %%*praglﬁ@gﬂt% he top

NPTO11- SG (8B csdrmééﬁS i REgtsbnatory piindingorntid) ae prodyedpas sepaatpapemp gengtr on the
first PriMknRRGhiEOAIMY 05 ki lUbl e atle. MALShIMEPLLDLDGRRARSERP! V. The

two MenjetTM print engi nes are nount ed opposi ng in-line
sequent | alfadwyifeleged et HﬁGI%PFf‘érﬁjasb H‘ém%fr ?5é|ag¢1thf> %ﬁé@ﬂblp@@ﬁmw&b@#lwm is

grzgvalhnt m&&?er&bﬁﬁgngafeb@ho&&%@ﬁe ﬁ%déayndeﬁb}aeamts pgwergdf p: fkb:Jp gol lers
e position and size o is sepsed and fu ee
printing comencés’® ﬁé\?ﬁ“i’/oék feeraE; &8{3 Q?Srrﬁ?tpé?ﬁ’gﬁ{]ﬁ ydifef BifR%Ng in

t he short estworsosteridod éSItamﬂrepuoifdme apj@pledomgutértcs nitierk fmtdiﬁtte WemjeghgMepiolint engi ne
602 thr ouqneﬁetaﬁérfa&é inPRWSIAY Rl A E%Ibe V@&%?%ﬁ%cf bt 31 Ee%s%kﬂﬁ%o&e 1§, straight

paper pat h]; whi ch act agai nst a ru er| Ze ese
SL modems, satellite transceivers, current and next-generation cellular telephone transce:vers and

wireless local loop (WLL) transceivers. Local interfaces include IEEE 1284 (parallel port), 10Base-T
and 100Base-T Ethernet, USB and USB 2.0, IEEE 1394 (Firewire), and various emerging home
networking interfaces. If an Internet connection is available on the local network, then the local
network interface can be used as the netpage network interface.

The radio transceiver 753 communicates in the vnlicensed 900MHz band normally used
by cordless telephones, or alternatively in the unlicensed 2.4GHz industrial, scientific and medical
(ISM) band, and uses frequency hopping and collision detection to provide interference-free
communication,

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

configured netpage pens.
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wheel s contact the "wet' printed surface and continue to feed the sheet 604
into the second MenjetTM print engine 603. Referring to Figures 12 and
12a, the paper 604 passes fromthe dupl exed print engines 602 and 603 into
t he bi nder assenbly 605. The printed page passes between a powered spi ke
wheel axle 670 with a fibrous support roller and another novable axle with
spi ke wheels and a nonentary action glue wheel. The novabl e axl e/ gl ue
assenbly 673 is nounted to a netal supgort bracket and it is transported
forward to interface with the powered axle 670 via gears by action of a
canshaft. A separate notor powers this canshaft. The gl ue wheel assenbly
673 consists of a partially hollow axle 679 with a rotating coupling for
the glue sUpPly ROSERBAMONANGRRINANG| nk cartridge 627. This axle 679 connects

to a glue wheel onheChainRoRkBS7584NGSINE DY v&BRI Ik BS¥maet 't,e@@ b &HoHgh radi al
hol es. A nol d@d haqusi 682 rrounds the gl ue wheel, with an opening at

) h
the front . ¥ VSEPAY S HEPHErEe fgse QUGS 6t er doors are attached to
t he nmetal br ackeThaR®PstyisTgsterdrd teach ipakewWiaygtSptish @il dohv@ressalid raddrizédhRsamagnbl y 673

is thrust i i e gl ue-wheel thr t.he front of
t he nol dedT}Iﬁgrﬁ}sﬁ?%Ogés%%g‘ Pé%%%%ogﬁesés&%?%ﬁégg%%%%gﬁ his ngg kse%t bt %y%lf%ﬁ"éahe”f“? ectively
cap the gl HERAWES ita et prgh BEF fagiere o pepprata page-lihe PSPs/agn alkieys bhkept bugOdhcpasses
into the glhusivheshbasseadiy fds candid RSN B: deeddPREARH Thi9 ARGy or¥ALAL cal edge
on the fr ont Sit'le %ag)%t .lf rom hhe fi.rst sheet of a docunent) as it is
transpor t eGPYSWA IPRY S CHES WY et @l’c‘é’&%ﬁs' 7.2 PRINTER CONTROLLER
ARCHI TECTURE The Waetnpdgresigns imthepage destripodn @¢ ragoinsi 8 b Somdne-gese@ivh bidlktel Ng
processor yafs wic iffolRiN obmbald i@hbetidie fileShdliid$iAl ﬁ‘%ﬁ &%@gﬂegsﬁd @éer face

nodul e 625, a radi o transcelver (transceiver contro dséband
circuit 75%%°RF circuit 755, and RF resonators and inductors 756), dual
raster image prOkessosd (FY 1R DHRSpriADT pagd uplifisaddep mbpize @RYEtNEEARLT ol | ers
760a and 7 i | ry 658,.. and .64 of 57 s illustrated in
Fi gure 14.3%%3%3%?1’%%%%?%5%%? %ééhs?%%e Rakafaen dc??’%#r‘??%ﬁ‘fdi %hda\‘/ﬁ PHERE net wor k
19 and wi t9ach tegdagenerytpd dafiregasterientiproayd stprethig tht@dmpresed saes imdbe hel p button 617,

control s the usethd iiChbR6E: 16 ass83c10d8ack I 1mNETR e clﬁlglegkﬁ f%gteeq?inean d

synchroni zes the RIP DSPs 757 and print engine controllers t consists
of a nedi Lffﬂ?“"ﬁig? &t ARG ehsiop éPﬂ-“ﬁ@ﬁf pOS 8O B SprYeedsre mmreindedbl | i ng
processor mpdryConntim thahesxpindidn andirintifly figelineelPigé expanSiontnt plidieg § pipéifledvi @ a
deScr i pti aravt T nHRH o BEnlf B MM A BORa R Bach print
engi ne corft$®| | ePRESENGNELONTRALHER s and prints page inmages to its

associ at ed Menj etifcqhfel exprindidhi A€ BehidoRpdiiRe S8R prind ABind donfullso ONSkis & Pages

per m nut q’)\g‘h sl-:!-ergg I]%]l:plggi( seegal%tclarfg;[:e 659, a standard JPEG decoder 763, a standard Group 4 Fax
decoder 764, a custom halftoner/compositor unit 765, a custom tag encoder 766, a line
loader/formatter unit 767, and a custom interface 768 to the Memjet™ printhead 350.

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

The first stage of the pipeline expands (at 763) the JPEG-compressed contone CMYK
layer, expands (at 764) the Group 4 Fax-compressed bi-level black layer, and renders (at 766) the bi-
level netpage tag layer according to the tag format defined in section 1.2, all in parallel. The second
stage dithers (at 765) the contone CMYK layer and composites (at 765) the bi-level black layer over
the resulting bi-level CMYK layer. The resultant bi-level CMYK+IR dot data is buffered and
formatted (at 767) for printing on the Memjet™ printhead 350 via a set of line buffers. Most of these

line buffers are stored in the off-chip DRAM. The final stage prints the six channels of bi-level dot
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engi ne controllers print both sides of a sheet sinultaneously. The master
print engine controller 760a controls the paper transport and nonitors ink
usage in conjunction with the master QA chip 665 and the ink cartridge QA
chip 761. The printer controller's flash nenory 658 holds the software for
both the processor 750 and the DSPs 757, as well as configuration data.
This is copied to main nenory 657 at boot tine. The processor 750, DSPs
757, and digital transceiver conponents (transceiver controller 753 and
baseband circuit 754) are integrated in a single controller ASIC 656.
Anal og RF conponents (RF circuit 755 and RF resonators and inductors 756)
are provided in a separate RF chip 762. The network interface nodul e 625
i s separ at ¢afa (glndee fretfvpkg the plemjst™e printhedd 350wit the priveffewbintkrfacoTodect i on t o be
factory-sel ected

(64MB) DRAM 657 e %gés“grhl%réﬁ%“% ot gslnmllférsazérala?fﬁgg%yﬁ %%g%%ﬁ‘%ratéh?e%;&%‘g%b

provi ded |ﬁm§%5§WhﬂEyﬂSPE%h“%@@aPﬁé%¥“UFWﬁ%?ﬁﬁ# 71 Pely Percrsinhendin 86, 625 are

provi ded, erek \@z{’tﬁé/dxtihﬂlgna&eﬁlﬁbﬂﬁﬂﬁl dRedraIiHe lihd Wyl sigas @70/hb @neiké onal 1y a

| ocal computer or., network int e 752. Net e net terne
interfaces incl ué”ée SHodens ler-&y g Sla—’ll%”eﬁpg%ﬁéﬁesfoﬁﬁ% fjércsélﬁ? SUBYEHs, | SDN
nodens, D8k srpdeipsand seateing pipeding, p@mﬁmg the printhead 450 eiata lasrglead @otial lge B at | on
cel lul ar tﬁh%ﬁgﬂ%@g%{;ﬁb%@@% ¢aNd wireless |ocal |oop (WL)

transcei vers interfaces include | EEE 1284 (parall el porti, 10Base-T
and 100Base- T Et FePhéf, vaugss ghite st pinter theptwo poy pngipss cashipriay 30 48T var i ous
ener gi ng heps perrmhw)ﬁlkngng: 1bﬁgtcmﬁéna&e& the| li‘agea(ml b, rg'ivﬂfgﬁﬂine £evIesikoa: 1680

avai |l abl e a network interface gan be
used as th‘g’? %%@gé%gg%g?s&gh}m%ﬁgek ace mﬁen inss gach) sctzs’e‘;l‘s\r/iétrBr g pe

communi cat®guty fonetike short dimenyior of @ﬂ@m—@‘/z@amﬂﬂm)mw 9t 102z Thyse dioy dicess

t el ephonesare Qkil a«'lﬂiin@ 'iH&aJpErytﬁlk ﬁehﬁn&yr@ k6P Bihiadt Phln tNEY Slfeh@desi
scientific an‘g n?%l cal SM nd, and uses frequency hoppi ng and.

col I'i si on AEEEHLFBh to prow de i nt erference free conmunication. The
printer cadhtrol | BeTrage Tawsal |y i ncor por ates an Infrared Data Associ ation
(IrDA)  ingprface, ffrnseceiving data "squirted” from devices such as

net page caneras. In an alternative enbodinent, the printer uses the |IrDA
interface &bl shBlepandunigee TamFiling cati on with suitably configured netpage
pens. NPTO11-SG Rrdr 2 s%pgﬁ%&@ﬂngmmﬁﬂa&mg o N £schdl 3@%%@ ocessor

750 has recej Vﬁd and verified the docunent's % ayouts an
obj ects, i PEATIEAESAHHIOP AL BRImPoET 'F%/\%’r“étsg dP%‘ée“DSP%a“?B"?‘m DSPs 757
rasterize reg@hr pager odiesgiva PlsipeiticaridTIc 0aPE@SItimbBieof iha Sitle bi Rchf PagRsihdTRgE.

e maln ROGSSARLS L RAR. BARS QIRERRSSARYS, | MRoe Tn menory. The

sinplest way t

In the case where the tag shape is circular, such as the preferred tag 4 described earlier, the
minimum diameter m of the sensor field of view is obtained when the tags 500, of diameter £, are tiled
on an equilateral triangular grid, as shown in Figure 52 and defined in EQ 1. This is achieved when
the center-to-center tag spacing is the same as the tag diameter k.

With a tag diameter & of 256 dots (~4 mm at 1600 dpi), m is therefore 552 dots (~8.8 mm).
With a quiet area of 16 dots, i.e. an effective tag diameter & of 272 dots (~4.3 mm), m increases to 587
dots (~9.3 mm).

When the tags 4 are moved a distance s apart, where 5 is at least as large as &, then the
minimum field of view is given by EQ 2.

When no overlap is desired in the horizontal direction between successive lines of tags
500, for example to make tag rendering easier, the tags must be moved apart by a minimum amount
given by EQ 3. For a 256-dot diameter tag, u is therefore 40 dots (~0.6 mm at 1600 dpi). Since this
exceeds the quiet area required for the tag, the quiet area can be ignored if tag lines are rendered to

not overlap.
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multiple DSPs is to |l et each DSP rasterize a separate page. The DSPs can
al ways be kept busy since an arbitrary nunber of rasterized pages can, in
general, be stored in nmenory. This strategy only |leads to potentially poor
DSP utilization when rasterizing short docunents. Watermark regions in the
page description are rasterized to a contone-resolution bi-level bitmp
which is |osslessly conpressed to negligible size and which forns part of
the conpressed page inmage. The infrargd (IR layer of the printed page
cont ai ns coded netpage tags at a denS|ty of about six per inch. Each tag
encodes the page ID, tag ID, and control bits, and the data content of
each tag is generated during rasterization and stored in the conpressed
page image. The Futing spriocendis) 2 7ivH EQRE Sos 156ddk dhnetragks pagefodmgess t o t he

dupl exed pMQImedpng@gpl) 9;8%&@8'&8&? 0480w, Each print engine controller 760

stores the conpresse P In |ts | ocal nenory, and starts the page
expansi on &hd prﬁH‘?qfh’@ %lfﬁé? F?%T“'P&ge expansi on and pr| nting is pipelined

because it is i nManagki 6@hhedith ﬁBNf&!hQseﬁ@s @8 Bakik Br éellél‘&@g amh(%vl%éula@w&tiaR page

i mage in xpansi on

o ati ng pTBEr! EEF £ LG HE oM ORTels FoBRLE G K rReri sl hi gh

speed | EEEw&R@9dugeizedadquilatetabiragoier ﬁ@@ﬁZSasha*manﬁafredgeé PEGnd ecbd ecrtict6 32, a

st andard %&l{ﬂeéftfe%gesg_ﬁ%g&%ate@l}rof%eg }%hal ftoner/conpositor unit 765,

a customtag encoder ine |oader/formatter unit 767, and a custom
interface 768 tol? A&ieNE R SATIH §Hing 15 doephaism 527 feinysribef in eﬁgaeh@h% et ol | er
360 oper até@a thhgia ST bk @ofakkifor 58Tls ABAMAGK intd M ekied] QiRBerfdBGRalIsSed elqﬂafé@ﬂ into

page i r i R bla i 560 35S SbrRE s vRe I PR PRt R r ol | er
pi pel i ne. 1®wedmrhe diyalgbintears:qdal mteszhle,dieﬁqmgl arsetafig; ] olnes aag each u&e ahcbacled is

pri nt ed 111 alo ac: 11 t 11 Aar; [+ € ne
expands (at]I7Gi‘)‘:m%pt]&1r f%@g% lﬁg %Jgggggdjcgﬂnsg%ée{sameﬁ bggq QE &uglimgdng)ﬂ}(at 764)
fj

the Group el "’G‘B‘Frﬁ‘ilgés‘é“‘e&l“%lso dEaya |intgspesicat theaypaices oérﬂef éﬁ’ééﬂ‘é‘ -0%t a766) the
bi - 1evel dqata@aag@abalagoﬂ EyRles, Stz dh MPcrtdfion §16? kiaglel pir MRLeudefid e of the SECt 1 ON

1.2, all i.n pa he. secon ed| er 65 e contone CMYK
| ayer and %og%p%m {2‘3 < 0%t b ”'7‘@%”%"’}%0%}“ ‘%%‘U@? Ihgﬁe °§§7§ e%??é':‘]ar BeRd"Fesul ti ng
bi -1 evel @&bealgpewelve'bhgnad estidet Eittte idosahddenneP6, Gdik-klidRaudko facetateet ai Be dactf f er ed
and for natktﬂ%dreﬁléﬂmg QeZl)ceJ %e R}Ue'lv@tohgigal Q’Qrugelg%f’i%\@lpaa(%; HMIP[})E Q}g Ex%a‘ghléﬁge via a

set of line buffers. Mpst of these” |ine ers ‘are store of f-chip
DRAM The fiRavEte Stigggdic it the SlthF’fé Bgrhereated mefist & thgrefasg cepigallig proigeied onpgpirn11- SG 57
dat a (i nclsygtkngvihg kadekivea )ilite0 t he Menj et TM pri nt head 350 vi a the print head

interface 768. \Wen several pri Tre he controllers éGO ar d in

uni son, such as 1*APS dBBPEREE bY¢ ﬁryg'fl Ghin TRy e ‘Vﬂé‘%? 5?5’ ef{%’d via a

shar ed | i ried 8y ngamdtgmad reffF@l, to @%yﬁmn@cppﬂ thet geechgc réguié 6@ shows an icosahedral
geodesic 534 with v=3, i.e. with 180 faces 528,

The closer a subdivision triangle is to the center of a face of the icosahedron 526, the

further it is from the surface of the sphere, and hence the larger it is when projected onto the sphere.
To minimise variation in the size of projected subdivision triangles, subdivison vertices can
systematically be displaced prior to projection (Tegmark, M., “An Icosahedron-Based Method for
Pixelizing the Celestial Sphere”, ApJ Letters, 470, L81, October 14, 1996). If v = 1 then no vertices
are created and the angle subtended by a triangular face at a vertex remains 60°. As v increases,
however, the surface defined by the five triangular faces surrounding each original vertex becomes
increasingly flat, and the vertex angle of cach triangular face converges on 72° (i.e. 360° / 5). This
defines the worst case for a tag tiling of a sphere. In a 72° isosceles triangle the base length is 1.18
times the length of the two sides. The maximum tag spacing s for the purposes of calculating the
sen'sor field of view is therefore close to 1.18%. With a tag diameter of 256 dots and a quiet area of 16

dots, ie. an effective tag diameter k& of 272 dots (~4.3 mm), m is therefore 643 dots (~10.2 mm)
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selected via the external master/slave pin 771, generates the |line sync
signal 770 onto the shared line. The print engine controller 760 contains a
| ow- speed processor 772 for synchronizing the page expansion and rendering
pi peline, configuring the printhead 350 via a | ow speed serial bus 773,

and controlling the stepper notors 675, 676. In the 8%' versions of the
net page printer, the two print engines each prints 30 Letter pages per

m nute al ong the | ong di mension of thegpage (11"), giving a line rate of
8.8 kHz at 1600 dpi. In the 12" versions of the netpage printer, the two
print engines each prints 45 Letter pages per mnute along the short

di nensi on of the page (8 /2"), giving a line rate of 10.2 kHz. These line
rates ar esxcopding % n t he operating frequency of the Menjet TM print head,
which in the cur r.re@tngee@ta&td B ERRCAR oBbh KéFnearfn NELRAF Jﬁal‘;%rcuﬁ,s #£C TILING
8.1.1 PIanaL Surface Tag Tiling In order to support "sin k

i nteracti ol W tAYE 5? ed region via a sensing device, the sensi ng devi ce
must be able to sea sptterel oF @filfus efmeaxenhtagtnefetaagceﬁratlﬁprbfe&edfeug 160Gl £ NO
mat t er wher. e(* O&Qm |on or m?a orientation it positioned. The

required { er ofthetS Elthoen 0 B el rereh e EP PESFLYEr efore a

function oﬁ the si ze and spaC| ng of the tags 4. In the case where the tag

shape is circul apora%u,g[hn ﬁ%l&ﬂ&b?ﬁz%{ﬁ”ed tag 4 described earlier, the
m ni nrum di anet er _m_of sensor field of viewis obtained when the t ags

500, of di aneter RS ]éﬂ’l@d f‘ﬁzl ‘eff llgyptheyse S orbitt i BRIV T snginearitgleiregionns shown
in Figure tb2ovamnbk sliefd pad i ko€ bk 4.3 Hith & abe, ARH - BYRGeMEN0 mihe

center-to-center n t e l.a i te . Wth a tag
di aneter k of 25%%%%{1152? ?g% W at ‘J%EQ) pfo"emﬁtclﬂ?rg e?ﬁ%‘e&é" é%él qots (-8.8
m). Wt rfpeeftqtassetltha?géableﬁddtrenaaw@@ng $ucbaglem ugeh 1 @2 fagsen oy di ameter k of 272

dots (-4.3%.19), mu.tmeamashﬁae@ﬁagﬂmgs (-9.3 mm. Wen the tags 4 are
noved a di stance. s _ apart, where s is at |least as | ar , then the

mioni mum field of AJTBEF Peshgrs RROKP e wiacs g arpititey t@t?é‘?ﬂg‘é{ﬁnq PYRgE it i n t he
hor i zont alintehdrcd tdisomtiin@icywe eingsauit Gesith thedlodal sa0Sof@e nteagﬁmg Biofked §yatke 1004BNPl € tO

make tag rc%%’é'oﬂge s%ﬂ"%%ngggEtpo b&f’ﬁg téthl%%xts enee c%a%‘pan le mesgﬁ)ba Ol fum arrount

given by EQ 3. For PANSt or herefore s 0.6
mm at  1600%dHsH pn offspiite o guder tlingobegieran ‘Pt-‘ejrqqiuﬂteétﬁs lengaa cackegesh triaokld I@spetttme tag,

the qui et akiiGwGasHeR @agleQH(sz Bfdintufn eti@:gcnhﬂh Ne§tind ES%OIKSQ]@IG@&%QWE thh @%@ct Qverl ap.

{\I Z-gl_O 1;' ISSG elf'%é ]s%lrﬁuéggdfétge 18t8rt=, Eeléj ofJ VieEw oghe segsn}/gedgwclg 18 gﬁarantf(:)egl to mclude at leggt ogleI amet er

complete tag at any position of the sensing device on the surface.

The tiling procedure starts by placing a tag at each vertex of the mesh, so the minimum
edge length is the same as the tag diameter k. The tiling procedure proceeds by inserting a tag at the
midpoint of any edge whose length exceeds a maximum tag separation s. As illustrated in Figure 9,
the maximum tag spacing s is calculated so that if two adjacent tags 4a and 4b are a distance s + €
apart, then there is room for another tag 4¢ between them, i.e, EQ 8.

However, if the vertex angle between two edges of length s + £ is less than 60°, then the
inserted tags will overlap.

To prevent inserted tags from overlapping, a minimum tag separation ¢ is introduced,
where t > k. The minimum vertex angle o then becomes a function of k and ¢, as shown in EQ9.

Clearly, when f = k, P is constrained to be 60°, ie. the mesh is constrained to be
equilateral. But as illustrated in Figure 56, when ¢ > &, 3 can be less than 60° without inserted tags
overlapping.

The maximum tag separation s must be based on the new minimum tag separation ¢, in

accordance with EQ 10,
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(-4.7 mmat 1600 dpi), and mis 598 dots (=9.5 mm. 8.1.2 Spherical Surface
Tag Tiling A regular icosahedron is often used as the basis for generating
an alnost regular triangular tiling of a sphere. A regular icosahedron,
such as icosahedron 526 in Figure 53, is conposed of twenty equal-sized
equi lateral triangular faces 528 sharing thirty edges 530 and twel ve
vertices 532, wth five of the edges 530 neeting at each of the vertices
532. To achieve the required tiling, tdge icosahedron 526 is inscribed in a
target sphere, and each triangle 528 of the icosahedron 526 is subdivided
into an equal nunber of equal -sized equilateral subdivision triangles to
yield the desired total nunber of triangles. |If each edge 530 of the

i cosahedron is diNHriegsideriean partioduaiesh tridngleteresare fdefdistiichige @segph scofarivs: 1 poi nts

al ong eachpegdeingaiRd @éﬁ.ﬂnunﬂ%h&aﬁ? e i Yk
adj acent ed}ges |§ otlhned by i n%eﬁg§ gg‘sstl%%@h(flgﬁzgpgg@% &L h&gl adj acent

edge, the YiAeY %‘BGSHF&% ’il"’ﬁtablF"éb‘{?F edge lgshan g egyabies %kﬂ&ﬂhéhede@ﬂpra%dwo
equal - si zedizang lesemuﬂzlsautlal@ml In $4OMAE Wt SinGihnd Vel RGHIES 1Ea¢1§hlt|léakt'1§° in the

creation of v2 tri riapgul ar face | cosahedron 526,
or 20v2 triangl eg t?ngraS pr (Figpee §‘ﬂ|e?%e?’lﬁfcﬁ6’\3‘?% 5%5 eﬁ‘fﬁ?dd Leenathy 5 the
t ri angul artafeagesthaaizle ivdreadnedmplfe. t he twel ve original vertices of the

i cosahedron 526, maaseen&saeﬁah@ﬁg&keaﬁrs; I,@e%ﬁg% ﬁ?@faﬁ&g%g% gé&atfsdy lﬁﬁen%tbon ‘he

remai ning vertices. The twelve original vertices y Tl
sphere, whP§ W2isiesertedatibs Hiinogt ofshecrecdds loicampleistefiaesing of BpHanels SS%ach cr eat ed
\éer t eXdI S t her ef oriee ®ieddetnatid (Fighte GpRIGH edleDIFl 0556 hlﬂa m&@ﬁ%ﬁ@exc&ﬁ\!hﬂ&g{hﬂe

esired ti S r oxi,mat e ar nthis wa
is referr eJ{f {]%Oégszaa%lel% eetgﬁgh © iderg Oﬁeacyﬁf?tg?reﬁ'gq?ngved ?"ng{ ?’"gd!“f §9%s t hey
frequency wmrihécgeateste. rimelgdbe Cgﬂcrsﬁmw‘amsmtsaﬁé@ﬁaz togegfeodigsthe 534
Wi th V=3, tiyo Qertioh b6, 380rRGRS! @%@568m%e%h%§a¢ﬁ1aﬁg1§%%ﬁﬂ asﬂrag&ofdrff@#}%l eisto

t he center .of iaprce of thelcosa}e ron , further omt he
surface ofERE YpfieFwezoilFosidncn gl Pearger! g 510t ikeid pr s eereef fonto the
sphere. Toperpidkavosplety tis tagdingaif the miabdke Si ze of proj ected subdi vi sion

triangles, subdiyi i t b ce ior to

proj ection (Te Ml %ﬂ\ﬂ%&%&mfé&%ﬁé@{%ﬁ asgefg k?e%ﬁnggs ex@ee i?>]?(e1 éll ng the
d ger

Cel esti al “Seest gertex X4 ingsrteckst e midpgint afgach cdst5gbhey ﬂzmhreelr@@@;mces f74mr= 1 t hen

NO verti cgsincddyRd s SAL Bk @akly Haé‘edaeﬂl tRen$6ERERAFGRA Mo Bach b BNGM AL fACe at a

i ve t 1 anOURE 1 atls PP BRI et OF OISt e oUREONEe wele

i ncr easi ndlesauseltimgy havathelsatnh ehapeens the xrigmpiiengfs72ach tri angul ar face converges
on 72 (i.e. 360 t case for atag tiling of a
sphere. In a 72 f%gggélegéggﬁab%egggg%ﬁnﬁﬁﬁ'basé§I ength is 1.18 tinmes the

| engt h of T@hIE 4 f@e tingo@rialige naxi num tag spacing s for the purposes of

cal cul ating the sensor field of viewis therefore close to 1.18k. Wth a
tag di ametret—of; 2h6—dots—antd—a—gui-et—areg—of—16—dots——e—an ef-i_e.cL’ive t ag
di ameter k O 572 dots (-4.3 m"r), mis tHeWi%re 643 dots (-10.2 nm
NPTO11- SG minimum vertex angle

fa il

tag diameter

B
k
m minimum diameter of sensor field of view on surface
s maximum center-to-center tag spacing

t

minimum center-to-center tag spacing

8.2 TAG SENSING
8.21 Pen Orientation
To allow a pen-like sensing device to be used as a comfortable writing instrument, a range

of pen orientations must be supported. Since the pen nib is constrained to be in contact with the
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59 according to EQ 2. The angl e subtended by each edge of an icosahedron at
the center of the circunscribing sphere is given by EQ5 For a sphere of
radius r the arc length of each centrally projected edge is r[err]. Gven a
tag dianeter of Kin the sane units as r, the nunber of tags n required to
cover the sphere is given by EQ6. For a given n, r is limted by EQ7. If
nislimted to 216, to allow the use of a 16-bit tag ID w thout requiring
multiple regions to cover the sphere,sjand Kis taken to be 4.3 nm as
above, thenr is limted to -310 mm A typical globe has a radius of 160
mm |Its projected are length of -177 mmfits 41 evenly spaced tags with
negl i gi bl e additional spacing. Such a gl obe uses 16812 tags in total. 8.1.3
Arbitrary Qreopche Genthtme ef tiapsn Finl tie ghpradtetizeil At pavite steticarvielproxionene a

surface of L Ardiba@hy of qp,qgﬁ aRhusBth LPﬂ?nLQQY mﬁehﬁlutyaw'aﬁttﬁe %&9 be
di scontinuities or singularities, wt | ocal scale of t mesh bei ng

di ctated bYPeRTigRined s reaspgblg treppsmain e pifslaand iplkof the e W%EWS&CPW%@@%@
Assum ng tﬂswrdemugtﬁeml&c&ﬁblﬁn&ddf@iﬂglaﬁirmﬁsh for a parti cuI ar surface, an

effective non-regul ar ti t uced on each nesh
(T angl e respect g’g W 1S cr%nventlongly BEI)’IFQ Ieter Hl%ih su%h g) g}r Example m th cgse o%ﬁi d)te]h A

tiling i s ®vasit H@ﬂd&@ﬁ@fﬂﬂé’@t bous ﬂwph)rqlcafl@@p@dltsr thag adlrecparrln Fhs ulr&ce deading devi ce

if the fi eﬁeqmawa&wg% fichBves GRS hAY sgﬁtwlscxﬁ'ouht%d &m&%&é&%ﬁﬁmﬁ)ada%'p@,@? at
| east one e Iete tag at any p05|t|on of the sensing device on the

surf ace. it Iy Gebhyr & wrgrios W“’@I‘S&Eﬁrﬁﬂe %P“i“i&@‘eda‘t‘ﬂeé“é'&?e’?/’é Pedx of the
mesh, so tdfheosnwmcamms ddgsed telogt Yav B tichors syBedasfotentitcl, allowaigah®efuR ak. The

tiling pr ,gﬁgq W s&aﬂg&%aatm%h%p&%ﬁtwgﬂ% §rﬁ9e Bite k%gm% ﬂcﬁis}@'m cofan@ny edge

whose | ength excee separation s. I'h Figure
9, the maxi num Pl aahRb p gongentignapfiefipndas & dudsorotatinns, r¢spoctively. H@f theemt tags 4a

and 4b ar ajeﬁnedla&'& ﬁiﬂ@z&ot@tloﬂ‘s Espe&ﬂafr tbecaﬁs’@@ﬁy LB e¢Red \ﬁthrr&% f He xaNQbHRLe t g 4cC
bet ween the vert ex ang@&kF et ween two ?d ges of

| engths + SP:’S %‘Eqﬁ’a‘?ﬁhe‘édhe ‘Eﬁ‘é"‘rﬁs Pﬁ&am‘?‘&%”éﬂdé‘dl T8 KX gyl T
prevent i ristemft aad whszgstevﬁqdamaowcerlhapmhtﬁgndemlmcmrmm fyagn, sdbia katvéntonatly | s

i ntroduce ddeﬁnemg E&lt&/e When iﬁntlc-gplgmgp Qﬂll%mh Cajﬁﬁ E/a%&?(arg E&l/c%tnﬁlaﬁ)hﬁgnela ?g BJHE%

function of and t as shown In
const r ai ne‘ﬁ‘e’ﬂﬂowsfié{“‘*l&“é’ta“?qﬁé’eﬁﬁ@ﬁi4S§°%ﬁ§ﬂﬂqﬂé?tﬁ@é“’flsé be equil at er al . But

as illustrated i Mhdpe@bRraDair OMQRattd 13 itk pitch Bp) GANLDBI (PISact H@ncHRmHG hout
inserted tggs overlapping. The maxi mumtag separation s must be based on

the new mi'ntnumtag separation t, in accordance with EQ 10.
The pen’s tilt affects the scale at which surface features are imaged at different points in

the field of view, and therefore affects the resolution of the image sensor. Since it is impractical to
sense the area directly under the pen nib, the pen’s tilt also affects the distance from the nib to the
center of the imaged area. This distance must be known to allow a precise nib position to be derived
from the position determined from the tag.
8.2.2 Image Sensing

The field of view can be modeled as a cone defined by a solid half-angle o (giving an
angular field of view of 20), and an apex height of D above the surface when the optical axis is
vertical. Although the image sensor is typically rectangular, only the largest elliptical subarea of the
image sensor is relevant to guaranteeing that a sufficiently large part of the surface is imaged, as
quantified earlier.

The intersection of the field of view cone with the surface defines an elliptical window.on
the surface. This window is circular when the optical axis is vertical.

Figure 62 illustrates the geometric relationship, for a given pitch-related tilt 6 of the pen’s
optical axis, between the pen’s nib (point A), the pen’s optical axis (CE), and the field of view

window (FH}). The tilt is defined to be clockwise positive from the vertical. The equations which
NPT011-SG



NPTO11- SG 60 When considering a particular nmesh triangle, there are four
distinct tag insertion scenarios. By assumng that the m ni num vertex
angle is no less than 30 (i.e. half of 60), it can be shown that whenever
a nmesh triangle has at | east one edge |l ess than or equal to s in |ength,
the remaining two edges are less than 2s in length. In practice the
mnimumvertex angle is typically at least 45. In the first scenario
(Figure 57) no edges of a triangle 546,exceed s in length, so the tagging
of the triangle is already conplete. In the second scenario (Figure 58) one
edge 548 of a triangle 550 exceeds s in length. A tag 552 is inserted at
the mdpoint of the edge 548 to conplete the tagging of the triangle 550.
In the thifolovswebidrtios pofivgardneggye tivo edges 554, 556 of a triangle 558
exceed s in | engthen hd 9% o e Eﬁij)ﬁl nt of each of
the two | ong edges 5541%15 §ﬁ9tEd ﬁl@aﬁmg&ﬁg%/m&hte Fﬁéﬂglsttgﬁ%l{yaggl ng of the
triangl e 558. CeFﬁ@IPegﬂ’GPeftfh@tPWé mm@wwwg@b@@gge@@zw%mdmth t he

two vertices, tﬁeﬁfﬂmdﬁé&e@fﬁo&lf&@nﬁh&ﬁﬁceﬁféﬂﬁ*ué%dm(laH%cq)fﬂsglkf&%w 1ban9| e 558
forma trapezmd I f either di agonal of the trapezold excéeds s in length

then a final tag &9Die ey ididrd Bgsdhe disuoe Bom die visppeipgo rsaf&é%é‘f)’éﬁ the

conpl et e tdplcd Bgqt BPcalito ¥ 6. ,TGE]|§.@Q&ﬂ)yE]Q'I14I he fourth scenario (Figure 60)

all three edges 57 tr| exceed s in _length. A tagged vertex
574 is inserted i’f‘e‘?%& ﬁ‘? F\'t9 %‘g(‘fﬁ}‘e&éﬁ@ %¥R13nd the three new vertices
574 are joined Dyanédgesst L’oé’@hoséﬁhej ﬂhﬂg@laﬂgluzﬁﬂjDWLHi"@ ik &n&gkhemrdhgﬁwtﬁé vely
applied to, four sulta tri 97 580.
Not e t hat t érlliet\% fmt tg?grrllw Teguslrerlélglor%umtd? e?%"ﬁﬁ%ﬁ?ﬁm VErt e&?‘éﬁg‘f’ e %'8 se they
have t he s‘éﬁﬁéﬂ@i*ﬂéﬁégeéﬁe@hewmhygﬁmbﬂThlsrthwmgfleseE(M@ The tag tiling variabl es
are sumari zed i @nclabhfy & are dd@iHiRd,4m ihRY sbdsdel r&glué{cﬁrﬂl@pﬂ) &oéé@'éd ARl tEJVEam ng

Rm ni mum vertex angle ktag di aneter nm ni nrum di anet er sensor freld of
vi ew on sUPPEEE 8 HAEAHTM SE‘BHTde’re thef-heapapmylepgretirgpepeygs %aﬁlPlﬂ‘i #ifpriVyquist
cent er -t o-ratenthighert ag spacing 8.2 8.2.1 TAG SENSING Pen Orientation To

Ay pene LU KOWREN DM, URYLAE of B U5inkd? G:Rs il WRLAL R Grod B £

viewpoint ang with increasing inclination relative to the viewing ray. Both factors have maximum

effect at point F for positive tilt and point H for negative tilt, i.e. at the point in the window furthest
from the viewpoint. Note that references to F in the following discussion apply to H when the tilt is
negative,

The distance of point F from the viewpoint (i.e. |EF| ) is given by EQ 17.

Scaling due to the inclination of the surface relative to the viewing ray through F (EF) is
given by EQ 18.

If the surface feature frequency is 7, then the angular surface feature frequency w at F (i.e.
with respect to the field of view) due to both factors is given by EQ 19,

When there is no object plane tilt (i.e. © = 0), this reduces to EQ 20.

The image sensor is, by definition, required to image at least the entire angular field of
view. Since the pixel density of the image sensor is uniform, it must image the entire field of view at
maximum frequency. Given an angular field of view in image space of 2a’, an image sensor tilt (i.c.
image plane tilt) with respect to the optical axis of ©’, and a sampling rate of n (where n > 2 according
to Nyquist’s theorem), the minimum image sensor resolution ¢ is given by EQ 21 and EQ 22.

The cos-squared term in the numerator in EQ 22 results from the same reasoning as the
cos-squared term in the denominator in EQ 19,

When there is no image plane tilt (i.e. 8 = 0), and the image space and object space
angular fields of view are equal (i.e. o’ = o), this reduces to EQ 23 and EQ 24,
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of pen orientations nmust be supported. Since the pen nib is constrained to
be in contact with the NPTO1l1l-SG 61 surface, the orientation of the pen can
be characterized by the yaw (z rotation), pitch (x rotation) and roll (y
rotation) of the pen, as illustrated in Figure 61. Wile the yaw of the pen
must be unconstrained, it is reasonable to constrain the pitch and roll of
the pen as well as the overall tilt of the pen resulting fromthe

conmbi nation of pitch and roll. Yaw is gonventionally applied after pitch,
such that, for exanple, in the case of a pen device it wuld define a

tw st about the physical axis rather than a direction in the surface pl ane.
In a pen with a marking nib, however, the inage sensor is nounted off the
axi s of the pen &fhdntbreispebjst planely6.cSen®itigedats Rirhyt «(B@ES.hence its yaw
sensing ability) onst.r unless the pen Js | d_al nost
vertically, as dl\ihgﬂghgg%g%)gfn% i aélv ?Aee?d%r?eg H Tt g‘ﬁ %d dﬁ’eaf‘orﬁ‘e & "Bt ch,

al | owi ng t $pecefany dbjegtzpace maﬁgéielﬂbofbéwspemaf@ed’ by, EQRatdlwgs tt K@ 26en rel ative

to the surface Wma{cﬁmgm@maagplme tﬁtho%%bjecglplan&ﬂpﬁlgr@fgxte yie fa%lhla@qun%' are
conventional |y defined as y and x rotatjons, respective hey are

defi ned as™REaifEroy SFoihat | Bff*i's‘he FTRASH STEYT ) By Txo il arige artdh@yma% P@@F?‘W@d with
respect t oditthrgonroyn teO@pkdBags. VﬁiéBIE eﬁﬁgeéens‘ohﬁt i8 Wb 6€a reMRyRodyBtidh i@XI S 1S

t he nat ur Qn%dtafééj} X axis is the natural | ateral axis
when vi e\/\gldac A use reslunjf rea{erdeﬁﬁt()f eéf{sded 3D coordinate system roll is

conventi onal | y HWF AEdluggtepds pqomvtac whgmsEntforel sdek wilsdatedntli 4  dpiech and yaw
are Conven&&h&ﬂ@hi %etqrgécnltﬁke n@-%ul:p@&htt A)V%w p%g Bprtﬁélgglg%ﬁeandl_tﬁé Tlcﬁ!)é gvPE a; I ons
is

are define ositive en anti cl ockwi se. en' s overa
rel ated to™P{o Bk Ehe ity asain defirpdtopbe plpckpiss P‘isﬁ"f‘a%%‘ih‘a&ﬁtfél Witk fhe preption  The
pen's til tofalf BCiI’lSprEd‘&&n§¢'q&:itﬁns&bply\Equﬁll'jr StolificRd e FbtbRHidakeil BRgasheat

different ;P§ ! tgq?_lmﬂ: Q) the cen?er o% tg ofgl X'CEX& )?snzgrotr?q%af %%rs ‘{bér t Siat e

resol ution of" I mage Sensor Qslénse the area
directly under the Ip@nmmcw til, htbe pegritadet ¢f] the &ilt gangafif ma:tuslsetdher cliossirgnce from

the nib t Qnﬁulﬂﬁm (ﬂégeﬁlt@ rtlltgltd a%hﬁuﬂuﬁ%&;@ﬂve%ﬁ@hmﬂﬂ%&h%ﬁé iﬁl@&%e@%&qu%%eﬁnom to

allow a precise nib position to be derived fromt osition deternined
fromthe tsé’tfe for fﬁtc}mehﬁEPg%lt e tufargis TRE disaat 4 ereatiyp EWf’éfaf?f peitigpteridte as a

cone def i nete hysnfuds,ahe inimad hasarsghBer tadi@hdéiting tha axiAhd Foddoll frid@led ifhey i ew Of
2a), and g E\ra}%es&hg gﬂht of D above the surface when the optical axis is
vertical. e |nage sensor is typically rectangular, only the

| argest el lipti cé’f desquibgtk abevegthe njpliest iemgﬁeofﬁerwérarqtsestlednmsaﬁimehtenrow ant eei ng

that a sufdaia®iceMd ibsd BEOEmiRMab d%etEmSa&lg FIRE BivdsS: olalROS harufSre &h@?%% fied
earlier. The |ntersect§|ﬂ8n of the field of view cone wth the surface

defines arf ‘é"ItF?B‘ErP’(?hﬁt filfow. on the surface. This window is circular when
the optical axi sAs@levieed dcaiding to EQ 4 above, an equilateral triangular tiling of 256-dot diameter

tags with no overlap between successive lines of tags requires a minimum field of view window
diameter on the surface of 598 dots, or about 9.5 mm at 1600 dpi.

Most people hold a pen at about +30° pitch and 0° roll. The inking ball of a ball-point nib
loses effective contact with the surface beyond about +50° pitch (i.e. 40° from the horizontal). A
reasonable target pitch range is therefore —10° to +50°, and a reasonable roll range —30° to +30°,
bearing in mind greater limitations on combined pitch and roll as given by EQ 11.

The highly compact (1.5 mm®) Matsushita CCD image sensor (Matsushita Electronic
Corporation, and is described in a paper by Itakura, K T Nobusada, N Okusenya, R Nagayoshi, and M
Ozaki, “A 1mm 50k-Pixel IT CCD Image Sensor for Miniature Camera System”, IEEE Transactions
on Electronic Devices, Volt 47, number 1, January 2000) is suitable for use in 2 compact device such
as a pen. It has an available resolution of 215x215 pixels. Assuming equal image and object space

angular fields of view, no image plane tilt, and a nib-to-window distance 7 of 4 mm, optimizing the
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Figure 62 illustrates the geonetric relationship, for a given pitch-rel ated
tilt O of the pen's optical axis, between the pen's nib (point A), the
pen's optical axis (CE), and the field of view w ndow (FH). The tilt is
defined to be clockw se positive fromthe vertical. The equations which
NPT011- SG 62 follow apply to both positive and negative tilt. Wen the pen
is not tilted, the window dianeter (i.e. | BDI) is given by EQ 12. If,
when the pen is not tilted, the distange fromthe nib to edge of the w ndow
(i.e. 1 ABI ) is T, then the distance S fromthe nib to the center of the
window (i.e. I AC1) is given by EQ 13. Wen the penis tilted by 0, the
di stance fromthe viewpoint to the surface along the optical axis is
reduced t osegmgtiy uging EQ @ aid BQ 24yio\aelievh the B@irddpitciing roll rtghs wftedtabere wickddow (i . e

| FH 1) 'Spl&lhﬁﬁhegkvﬁmtoblMSﬁa ;—éld a%lﬁ‘%eé’f %Lstg +Q§e %bh%ﬁg vieWin %H%angﬂ of

adequately large area is imaged t roug hout the “supporte range. The

requi red mOrTmes ag pegret fekd ohvisw of Hes® §F634I)ST]’QPWW1WCIE@84IS aghilye2e wi dt h

of the actigt aﬁmgﬁ%aﬁfe@ﬁ cloSe tgihl{@éalréa)fanggyjpichm-ghﬂe%pﬂéaledﬁlsgﬂ MeRafdilf. Once D
te m ned, an_ inmage sensor resol ution nust be chosen so that the

and a are de

i mged ar e‘g‘yﬁ“? Sefeljois () G Eléf?ﬁﬁeéﬁn bq expandqd;slightly by optnaing frop-gde i ef ¢ equency
i s sanpl edmage piabs Nyqui st rate or higher. V\hen |maged t he scal e of the
surface decrease tan Vi e i.n with

i ncreasing incli ﬁléet()lv?)rtl'll eﬁlgttm?t?/us C?nﬁ% ?%0 i CIF tmf% Conew OSG@O{OEV@%&%) § fave

maxi num eﬁtﬁleldtneattd@mcmvnohfatfgbnsqﬁbmlﬂtelrowaﬂatnpI t and p0| nt Hfor negative tilt,
i.e. at the poi ntrhell;ﬂagteggmqgJggg)ygsgrggmﬁgedmffaglggt he vi ewpoi nt. Note that

ref erences_to in the follow ng discussion applyto H when the tilt is
negative. TAN® %l‘"ﬁ?%ﬂ?@s'ﬂﬂ "E’(ﬁbr'ﬁs F fromthe viewpoint (i.e. |EF|) is given
by EQ 17.] Sesdnleng due to t he |nc|n1daaihbon o'r the surfage relative to the

Vi ew ng ray—t+hroedgh—F{(E~—i 18 f thefsurface feature
frequencyl is %, tu%meqh@cgﬂﬂ@mv?e“ﬂﬂﬁfaﬁ@% feature frequency co at F (i.e.
with resgect atO t|Nmage lade fdld sfivem)hadtaggié 0 both Tactors is given by EQ 19.
When t here—+s—neojebieet—ptaneti-Ht+{(+—e—0=0)—this|reduces to EQ 20. The
i mge sensor Y s, Wnd@f”l nition, required to inage at |east the entire

angul ar fli el & of Gij@)NplalSﬂtIHQBa bhealnienalt) density of thg inmage sensor is

uni form p—apst ept+re—+eld of view-at—ppxi mum frequency.

G ven an {angdl ar lpgg‘?jp'?)'?e\% ew in i nage space of 2a',|an image sensor tilt
(i.e. irnage ¢pl anG:’elhlpitdif‘) vmth respect to the optical axi s of 0', and a
sanpl i ng Fate—of where—h 2—acecordi-ng—to-Nyquist's theorem, the
i ni num ijmagd’ serspoe)’ !Esol ution g is given by EQ 21 ahd EQ 22.
@ Angular frequency in field of view
D Normal viewing distance
d Tilted viewing distance
f Surface feature frequency
n Sampling rate
q Image sensor resolution
s Distance from nib to center of field of view on surface
{(when 6=10)
. Distance from nib to edge of field of view on
surface (when 0 = 0)
8.3 TAG DECODING
8.3.1 Tag Image Processing and Decoding

Tag image processing is described earlier in Section 1.2.4. It culminates in knowledge of

the 2D perspective transform on the tag, as well as the decoded tag data.
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The cos-squared termin the nunerator in EQ 22 results fromthe sane
reasoning as the cos-squared termin the denomnator in EQ 19. Wen there
is no inmage plane tilt (i.e. 0 = 0), and the inage space and object space
angul ar fields of view are equal (i.e. a' = a), this reduces to EQ 23 and EQ
24. NPT011-SG 63 When there is no object plane tilt (i.e. 0 =0) this
reduces further to EQ 25. When the inage plane tilt and the object plane
tilt are equal (i.e. 0' = 0), and thegmge space and object space angul ar
fields of view are equal (i.e. a' - a), EQ 22 reduces to EQ 26. Matching
the image plane tilt to the object plane tilt therefore yields a smaller
requi red i mage sensor size than when the inage sensor tilt is fixed at
zero, and &3.2m nifegngtheRendranséormdi st orti on fromthe captured i mage.

Variabl e i mage sgpsof. bl ﬁersbe%uvehﬁ’éé@%ﬁ{ is @otar 1{%11 %&hﬁcﬂ%lc%u&Qthryﬂlé)gérépQ vl N
practice, and also requires greater depth lgure 6 ustrates

t he geonethitionef sheitagnia e saptires} imgecy FWPFHP%H elath‘thélC‘éEstoP‘l“Eg detste Fniee pen' s

opti cal aX&aﬁsforﬂ&hM&@Iﬁbcﬁt@@e PR optickll akdis éamcae mferrAb, as &Jaﬁbepeamsm@mnblcm aXI s (CB,
and the field of defi ne

S to
cl ockwi se positi \9ré°° reéj%crtetﬁgﬂ\?é("ta?%oé? s lhf REE xceﬁtr}D g i C"E’da‘i t he
pr ecedi ng ielgualt i-oths trapfeimy oftbrurenls phitsioal pgk With mebee éathe purfhce. Homer optysiiahduced

tilt the diataRchis vﬁmﬁlr}mﬂb&a&l lmhg p&ps &%@ bk ERHiGis %ﬁex{eﬁ@dwiﬂgﬁéﬂ s(ulserqt I AC 1)

is zero rather than as define . For pit i nduced
magni t ude sy tyaughithepid r“&ﬁgﬂaqogshﬁéﬁtr*f?ﬁﬂélwhwa CHoBYIMGPiEa! f'f’lﬂlliﬁti"ﬁte(ih‘égat i ve)

tilt and aFlgme(ﬂmum (posi ti ve) tilt which have the sane i mage sensor

r eqUi renent. ch ’corIer{lenp k g’&m(l[ ﬁgelél %grdinatl: Tspatc%]h% § !or 8 aceg op raF a)g%.'s'[ ant

for negative til han posi Ve t
m ni mum haeeingides rigth| the z ety ridt thel de tviserpointHe atnfhwmrmlﬂ F@r spmltlm phxdwéeds tilt

they haveohbiges S@ite FRGI Hall e 8ib isAShESSGT Inbgéci @p&vagz;tléa%tﬁmuﬂsﬁtwﬁﬁ@tures of
the tag 4 are ttpe structures_which _encode t data bits, and these have a

mi ni mum di SHECEPS GErg &gérmffmlg“é@%éheéagﬁ&inﬁﬁr??af’%fﬁtsﬁfoésﬁaF equency f of
about 7.9 per mmBator 31660 dipstrated\in FKgukeoid| ‘Btedabeltiqcadpoling g Rignre@ idlcoadiome, an

equi l ater avlnthtﬂ';e lﬁgﬁbq ﬂ%‘lgﬁr'e k rﬂJe ‘ngpgiﬁth Q%t thgéef?s@?ﬁo%{t is a{ tﬁé &1[?15 0Oy PHET I ap

bet ween successi ve I nes requi res m ni me Vi ew wi ndow
di amet er dperEsEenSRet Qé@m@?ﬂ %@@tla%taéls m@rtheaww lsgre%rr?ﬁﬁ) &t thiG@EchPﬁint Ibst
peopl e hol @nisteh tdkerR@pliustra RFlCH cARELDnd 9b s conl-lh@edaiakbdﬂﬂ Reldef a

bal |l -point. nib, |l oses effectiye contact with the s b bout +50
it (1 ds St Sht ol wE i E R AR Pl et 38e SRR Bhge 1 <

t herefore bem@entttm se50] pogahehd ghercea opvériy baswaep fht nib amigle swBQe. {Toe ceBE, poinbiéaf i ng i n
m nd gr eatrgphehith Llﬁtab&h%hla{hlecpﬁlgéﬂéaslrhﬁgpl%t& e of Rld: R3S pGhvEN by EQ 11. The

hi ghly conpact (1.5 mmerr] ushi t I mge sensor (Matsushita
El ectronic The nib makes nommal contact with the surface at point A when the optical axis is

vertical. KA is defined to be parallel to the optical axis. When the pen is tilted, however, contact is at
point L, as shown in Figure 65. Given the radius R of the nib, the distance of the pivot point K from
the surface, e.g. at A or L, is always R.

The discrete tag transform includes the translation of the tag center from the sensed point,
the 3D tag rotation, and the translation of the sensed point from the viewpoint.

Given the translation 4 of the sensed point from the viewpoint in the discrete tag
transform, and according to EQ 14, the sensed point is given by EQ 27.

Since the physical axis only differs from the optical axis by a y translation and x rotation
(i.e. pitch), the physical axis lies in the y-z plane. With reference to Figure 64, where |AC| =S
and | EC I = D (just as in Figure 62), it is clear that in sensor space the position of the pivot point is
given by EQ 28.

The vector from the sensed point to the pivot point is therefore given by EQ 29.

The vector from the pivot point to the contact point is by definition a surface normal of
NPT011-SG



Corporation, and is described in a paper by Itakura, K T Nobusada, N
kusenya, R Nagayoshi, and M Ozaki, "A 1mm 50k-Pi xel I T CCD I mage Sensor
for Mniature Canmera Systeni, |EEE Transactions on Electronic Devices,
Volt 47, nunber 1, January 2000) is suitable for use in a conpact device
such as a pen. It has an avail able resolution of 215x215 pixels. Assum ng
equal inmage and object space angular fields of view, no inmage plane tilt,
and a ni b-to-w ndow distance T of 4 myg optim zing the NPTO11l- SG 64
geonetry using EQ 16 and EQ 24 to achieve the desired pitch and roll ranges
stated above yields a pitch range of -16 to +48 (64) and a roll range of
-28 to +28 (56) with a viewing distance D of 30 mmand an angular field of
vi ew of 18leigth & k i9 capptrucHhdy apmitheatht 8Dpieg chptiomde @ dagavtaaahidiype afrinal 0 +43,

and this i gmPREMe QitCh@SSlink By kNEsHEIES nERM0LANEG 3Ry Pitching the optical
axis at -5 relative to the physical axis. Note that the tilt range can be

expanded sl i ght | Yy OYCOTRHPSIoREd B dhihs copiget ppipiis Gen oppined jnperqulagse ik, The

overall pepQ8ilt is thus confined to an elliptical cone whose mgjor angle
is 64 in the pi : nd. wh Lnpr angle is.56 in the roll. plane.
The i mage sensi ngﬁggﬁ}%{g@ eegmgc?%g Sg%%%rplp ggﬁ%lﬁ%vef?fb geg.g hﬁ#ﬁﬁ?’eﬂ?%qnﬁage
sensi ng vaanf #ises gddgdiojtetyrdardamithsdpeaaitir écthe seasednwinf, itatield b vepiorfonhiad g angl e

a' l mge spagisr b ih@l:(ﬁlta&fpoiﬂtiiﬁlé% Balef i 2RhEuNRE I XM AOUEED 3B ani ti :t (i.e.
coAngul ar

overall pen tilt) 0.1 e ane tilt Pen pitch yrPen roll

frequencs in fi e%”b‘s 811{‘1338 eﬁ)l%'gﬁﬁﬁsel?sglb\ﬁeﬁ‘gatﬂf"safﬁ?@éd s el & g

di stance fiuis desice afselat legioh neiguepeireaiBampkQng rate gl mage sensor resol ution
SDi stance from nirh #.0 LEQLE 69;11? %%nglsgfo%t&mgeme 2P BB GRen e FeQers O)

TDi stance fromnib to edge of VI ew on
discrete rofations are simply the inverses of the tag’s discrete rotations, with the pen’s pitch also

including the effect of the pitch (§ens0r) of the optical axis with respect to the pen’s axis, as defined in
EQ 35, EQ 36 and EQ 37.
8.4 INFERRING THE TAG TRANSFORM

The image of the tag 4 captured by the image sensor contains perspective distortion due to
the position and orientation of the image sensor with respect to the tag. Once the perspective targets
of the tag are found in image space, an eight-degree-of-freedom perspective transform is inferred
based on solving the well-understood equations relating the four tag-space and image-space point
pairs. The discrete transform steps which give rise to the image of the tag are concatenated
symbolically, and a set of simultaneous non-linear equations is obtained by equating corresponding
terms in the concatenated transform and the perspective transform. Solving these equations vields the
discrete transform steps, which include the desired tag offset from the nib, 3D tag rotation, and
viewpoint offset from the surface.
8.4.1 Modeling the Tag Transform

The transform of the tag 4 from tag space to image space can be modeled as a

concatenation of the following transform steps:

. X-y translate (by tag-to-viewpoint offset)

. z rotate (by tag yaw)

. x rotate (by tag pitch)

. y rotate {by tag roll)

. z translate (by tag-to-viewpoint offset)

. perspective project (with specified focal length)
. x-y scale {to viewport size)

These are concatenated symbolically to proeduce a single transform matrix which effects
NPT011-5G



surface (when 0 = 0) 8.3 8.3.1 TAG DECODI NG Tag | mage Processi ng and
Decodi ng Tag i mage processing i s described earlier in Section 1.2.4. It
cul m nates in know edge of the 2D perspective transformon the tag, as well
as the decoded tag data. NPTO11-SG 65 8.3.2 Inferring the Pen Transform
Once the 2D perspective transformis obtained which accounts for the
perspective distortion of the tag in the captured i nage, as descri bed
earlier, the corresponding discrete 3Q;tag transformw th respect to the
pen's optical axis can be inferred, as described belowin Section 8.4. Once
the discrete 3D tag transformis known, the corresponding 3D pen transform
can be inferred, i.e. the transformof the pen's physical axis with
respect t oh¢ fetrasfiatale THvempers the diduseritpmform gatialdesi usedtiinge fllovangpadtiors, | S
enbodi ed i 9, thE,iRER SheSHARE vARFle Wi Ch is experienced by the pen's user. It
passes through the nlg. The rel ati onship between the physical axis and the
optical axis is illustrated in Figure 64. It is convenient to define three
coordi nate spaces. In sensor space the optical axis coincides with the z
axis and the the viewpoint is at the origin. In pen space the physical axis
coincides with the z axis and the nib is at the origin. In tag space the
tag 4 lies in the x-y plane wwth its center at the origin. The tag
transformtransforns the tag 4 fromtag space to sensor space. Sensor space
is illustrated in Figure 64. The |l abelling of points in Figure 64 is
consistent wth the labelling in Figure 62. The viewpoint is at E, the
sensed point is at G and the nib is at A The intersection point G
between the optical axis and the surface is referred to as the sensed
point. In contrast with the geonetry illustrated in Figure 62 where the
nib is considered as a point, here the nib is considered as a small

sphere. If the nib is curved, then the tilt of the physical axis affects
the offset between the sensed point and the contact point between the nib
and the surface. The center point K of the spherical nib, about which the
physical axis pivots, is referred to as the pivot point. The nib makes

nom nal contact with the surface at point A when the optical axis is
vertical. KA is defined to be parallel to the optical axis. Wwen the pen is
tilted, however, contact is at point L, as shown in Figure 65. Gven the
radius R of the nib, the distance of the pivot point K from the surface,
e.g. at Aor L, is always R The discrete tag transformincludes the
translation of the tag center fromthe sensed point,
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the 3D tag rotation,

Vi ewpoi nt .

in the discrete tag
given by EQ 27. Since the physical
by a y translation and x rotation
Wth reference to Figure 64, where |
in sensor space the position of
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Translate in x-y plane by ¢, and ¢, according to EQ 42 (where A=¢, and B=z,).

Rotate about z by y according to EQ 43 (where C=cos(y) and D=sin(y)), giving EQ 44.
Rotate about x by ¢ according to EQ 43 {(where E=cos(¢) and F=sin($)), giving EQ 46.

Rotate about y by w according to EQ 47 (where G=cos(y)} and H=sin{yr)), giving EQ 48,
where K and [, are defined by EQ 49 and EQ 50,

Translate in z by ¢, according to EQ 51 (where I=¢.), giving EQ 52.

Perspective project with focal length A and projection plane at z=0 according to EQ 53
(where J=1/A}, giving EQ 54,
Scale to viewport by § according to EQ) 55, giving EQ 56.

Transform a peint in the x-y plane (z=0) according to EQ 57, giving EQ 58.
Finally, expand K and L, giving EQ 59.
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8.4.1 Modeling the Tag Transform The transformof the tag 4 fromtag space
to i mage space can be nodel ed as a concatenation of the follow ng
transformsteps: x-y translate (by tag-to-viewpoint offset) z rotate (by
tag yaw) x rotate (by tag pitch) y rotate (by tag roll) =z translate (by
tag-to-viewdoint offset) perspective project (wth specified focal |ength)
X-y scale (to viewport size) These are concatenated synbolically to produce
a single transform matrix which effectg NPTO11-SG 67 the tag transform
Table 7 summarizes the discrete transfornlvarlables used in the foll ow ng
sections, together with the range of each variable. NPT011l-SG 68 Table 7.
Di screte transformvari ables and their ranges Vari abl eAbbrev. Meani nguni t
Range trang4.2r m gb Pamwpeetivg TransB¥m - pi t ch0-ir12<4)"/2 yl-rol10-nl4 < yr <

764 t XAt ag-t o-vi %ﬁrp %QLfe%d%gﬁS(E%r ftféégoath Q m%eci\%t@%@)ﬁ%a&; E'Qtad in

cosyCcosi ne of Dsi ne of coS 005|ne of
pi t ch10< HZQ 60, Iﬂublpbflvy Esinlgews f towbtlme G-qnezal an@ dperepafyfiedondirnef b mptgk.la30 < G-
1 S|nyrFB|£§mg£EQth0 1 < H 1 tzltag-to-viewpoint z offset-/<O 1

A. Ji nverse focal > 0
rans?o%n 21% point according to EQ 62, giving EQ 63.

8.4.3 Inferring the Tag Transform
8.4.3.1 Equating Coefficients
Equating the coefficients in EQ 59 with the coefficients in EQ 63 results in EQ 64 to EQ
72, being nine non-linear equations in 11 unknowns.
These equations are augmented as required by the trigonometric identity relating the sine
and cosine of an angle (i.e. the sine and cosine of any one of yaw, pitch and roll), as shown in EQ 73.
Given the sine and cosine of an angle, the corresponding angle is obtained using a two-

argument arctan as shown in EQ 74,

8.4.3.2 Solving for X-Y Offset

EQ 66 can be simplified using EQ 64 and EQ 65 to give EQ 75 and then EQ 76.

EQ 69 can be simplified using EQ 67 and EQ 68 to give EQ 77 and then EQ 78.

EQ 72 can be simplified using EQ 70 and EQ 71 to give EQ 79 and then EQ) 80.

EQ 76 can be re-written as EQ 81, and EQ 78 can be re-written as EQ 82.
Equating EQ 81 and EQ 82 and solving for B vields EQ 83 through EQ 85 and finally EQ 86,
which defines B.
Substituting the value for B into EQ 82 and simplifying yields EQ 87 through EQ 90 and
finally EQ 91, which defines A.

This therefore gives the x-y offset of the tag 4 from the viewpoint, since A=¢, and B=¢,.
8.4.3.3 Solving for Pitch

From EQ 68, EQ 92 can be obtained.

From EQ 67, EQ 93 can be obtained.

From EQ 64, EQ 92 and EQ 93, EQ 94 can be obtained.

From EQ 65, EQ 92 and EQ 93, EQ 95 can be obtained.

From EQ 70, EQ 92 and EQ 93, EQ 96 can be obtained.

From EQ 71, EQ 92 and EQ 93, EQ 97 can be obtained.

From EQ 94, EQ 98 can be obtained.

From EQ 95, EQ 99 can be obtained.

From EQ 96, EQ 109 can be obtained.
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S-viewport scale-s> 0 Translate in x-y plane by t[err] and t, according to
EQ 42 (where A =t,, and B=t,). Rotate about z by y according to EQ 43
(where C=cos(y) and D=sin(y)), giving EQ 44. Rotate about x by 4)
according to EQ 45 (where E=cos([err])) and F=sin([err])), giving EQ 46.
Rot at e about y by Waccording to EQ 47 (where G=cos([err]) and
H=sin([err])), giving EQ 48, where K and L are defined by EQ 49 and EQ 50.
Translate in z by t; according to EQ 5} (where I-t_.), giving EQ 52.
Perspective project with focal length 7L and projection plane at z=0
according to EQ 53 (where J=1A), giving EQ 54. Scale to viewport by S
according to EQ 55, giving EQ 56. Transforma point in the x-y plane (z=0)
accordi ng to EQ Bdm EG W7 BQ 1HQab@: obtalnbdnal | y, expand K and L, giving EQ 59.

NPTO11-SG 69 8. 4r2, 23 HAUFREGS V10T EANR BRTAN Eliifhed N e 1 ed

ei ght - degr ee-of -freedom 2D perspective transtormnmatrix as defined in EQ
60, nultiply by BRm#iQde8unst BQ 103, HdHIMiapd hendE QR ssndre obtpippd- degr ee- of - fr eedom

foam of the nmatr Fxm 103 SR 05NEERD6GLd thh BN HF Q4B dbth2apoi Nt according to
EQ 62, giving EQ |.nferri rrl?g%t he Tag Transform 8.4. 3.1 Equati ng

3. 4.3 1. I
Coert] b ent o EqubiREbHE Tl Foe i G i bR gyt T B 2 obp e Ghe s | EQ
63 resul t sofiha rdd@ Beayk posﬁ@ and Bencdx@h-Ago. Mh&iGnelvOthe fo@llmle)aﬁ oregqmaizérmﬂ&e irdl il 1 .
unknowns. HIF-%%& sge%ﬂﬁ%énﬁﬁ% &0 g&&@ TRNLES d%%b%@ﬂ WL &6 Py he trigononetric
t e an an angle (1.e.

identity relatin e Si cosine o t he sine and
cosi ne of any on&hipthergiawgivey themagaide piohd gine ofithe gitrbywincs fi-sB(P).728d hen thren t he

si ne and Qgﬁé}g)(gfthegﬁhhag,pgbe,&aggggi“%%ﬁggmndi ng angle is obtained using a
two- argunent arctan as _shown in 74. 8.4.3.2 Solving for X-Y Ofset EQ
66 can be sinpl i Fipwdt 6&R ke wErgh o i rith g Poglivres iy ASOAAGEHRERIEQ 76.
EQ 69 can thengShdjahdré toed ThS$inQorEkd hé (A Hover 6Bust B Gieindd@y hthetiénd Ben EQ 78.
EQ 72 can %&rigédr%néiéoigl%qz}ési ng EQ 70 and EQ 71 to give EQ 79 and then EQ 80.

EQ 76 can be re-whitten~as EQ 81, and EQ 78 can be re-witten as EQ 82.

Equat i ng EQ 81 afiterEH(p8Z, thamltck sithgn ipifedracBrdyne ¢d B3 1Q 83 t hr ough EQ 85 and
finally EQ884 ¥hiing rslaidines B.

From EQ 103, EQ 110 can be obtained.

From EQ 73, EQ 111 and then EQ 112 can be obtained.

This therefore gives the magnitude of the sine of the roll, since F=sin(y), and hence the
cosine (G) of the roll by EQ 73, according to EQ 113,

Since |y| < /4, the cosine (G) of the roll is always positive, so there is no ambiguity when
taking the square root. The sign of the sine (F), however, must be determined by other means, as
described in Section 6.7.3.9.

Given (& and H, the roll is then obtained according to EQ 114,
8.4.3.5 Solving for Yaw

From EQ 73, EQ 92 and EQ 93, EQ 115 and then EQ 116 can be obtained.

From EQ 92 and EQ 116, EQ 117 and then EQ 118 can be obtained.

From EQ 92 and EQ 116, EQ 119 and then EQ 120 can be obtained.

In EQ 116, and hence EQ 118 and EQ 120, the sign of the square root is determined by
the sign of i, which can be determined from EQ 80, giving EQ 121.

Since 7 (1) is negative, J (1/A} is positive, and IJ < —1 (because | > A), then EQ 122
holds.

Given C and D, the yaw is then obtained according to EQ 123.
8.4.3.6 Solving for Viewport Scale

The cosine (C) and sine (D) of the yaw are by definition never simultaneously zero. Since
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Substituting the value for B into EQ 82 and sinplifying yields EQ 87
through EQ 90 and finally EQ 91, which defines A This therefore gives the
x-y offset of the tag 4 fromthe viewpoint, since A=t[err] and B=t,,.
8.4.3.3 Solving for Pitch From EQ 68, EQ 92 can be obtained. From EQ 67,
EQ 93 can be obtained. From EQ 64, EQ 92 and EQ 93, EQ 94 can be obtai ned.
From EQ 65, EQ 92 and EQ 93, EQ 95 can be obtained. FromEQ 70, EQ 92 and
EQ 93, EQ 96 can be obtained. FromEQ;71, EQ 92 and EQ 93, EQ 97 can be
obtained. From EQ 94, EQ 98 can be obtai ned. From EQ 95, EQ 99 can be
obtained. From EQ 96, EQ 100 can be obtai ned. NPTO11l-SG 70 From EQ 97, EQ
101 can be obtained. From EQ 98 and EQ 99, EQ 102 and then EQ 103 can be
obt ai ned. thfEeesite Q) of 00 risids PR, cifie) BQ 47 anBQ R om @10 5lvomrbelyesdobt ai ned.

From EQ 10&&@@@6@@,@@,&8@@@06 and then EQ 107 can be obtai ned. EQ 107 only
and, H are both non-zero. Since |[err]| < [err]/2,

has a valid basi
t he cosine (Q fod‘fH‘ElZFrBﬂ‘enl@m%Q/ﬁngﬁ@s‘iaﬂ% %% hence non-zero. The sine
~of the roll (H) Oghemise \if 015 Moz foOthér frokn 1Y) 68 EQ 125can BOdbamed. 0.  Speci fic

handl i ng f er |}, is described in Section 6.7.3.10. This
therefore ég)Jli\'?‘/é's tgﬁm"#ag?lﬁlgl e(?’* the sine of the pitch, since F=sin([err]),

and hence the co&iilad: (i thsfootitre Gk bhrobys BGr 280, @ibe FUTINg BYO7IE@ 368. Si nce
14)1 < 7t/ u?sed tB b&crmBS i ﬁwérﬁ)fo@fleﬂgﬁﬁj)pdoti&@ ad e?th@-lth\é@i(c‘ﬁ oPR ﬁstnbly Sero. ﬁgwévaer e is no

anbi gui t ki n sq r.oot he sig t he sine however ,
must gbe )ée %??ﬁs ﬁég‘ ‘%c;‘% %‘ggl??sp‘“’}é@d rﬂb@%’r‘i"b‘é‘“‘d“‘f"f?’ §€l¥f"%ﬁ"‘6‘g‘7 O%ﬂ@ G ven
E and F, tmeiupn(ﬂi)hfthssmdaem@ﬁmneﬂi1smﬁbymm@ isehde®inl@126. 8. 4. 3. 4 Sol vi ng
for Roll From EQui0s, JFQcAd: iy GDh llShh i bPM EQ 3 i EQ- L gnd then

EQ 112 can be obtai ned. Thi dre gl ves e nagni *the 'si ne of
the rol |, Zfonlen oGl ERAPYcan hyghtaiiehce the cosine (G of the roll by EQ
73, accordi ng tOIfEQsﬂoL?ZemShdﬂ%mlE{(ﬁTlrﬂ‘,(b12%c£11€l£ero}a{aiﬁedthe cosine (G of the

roll is al ways pﬁlsplr:}clzice the cﬁlglcé be?v!;egn 1|1s1sng %% lgggndgéld 5% 1Maseg on which of gi and hi

has the larger magnitude. The inverse focal length is unknown if gi and #7 are both zero, i.e. if the
pitch and roll are both zero.
8.4.3.8 Solving for Z Offset

Once the inverse focal length (J) is known, the z offset (I) is obtained from EQ 80,
according to EQ 129,

Again, the z offset (/) is unknown if the inverse focal length (/) is unknown, i.e. if the
pitch and roll are both zero.
8.4.3.9 Determining Direction of Pitch and Roll

The sign of the product (FH) of the sines of the pitch and roll is given by EQ 126. Since
~/4 <y < /4, a roll adjustment of +n/4 can be introduced to ensure the roll is always positive,
without invalidating any other assumptions. Once the roll adjustment is introduced, EQ 126 gives the
sign of the sine (F) of the pitch alone.

The roll adjustment is introduced as follows. The viewport scale (S), inverse focal length
(), and z offset (J) are all computed as described. A 3D transform matrix is created from the 2D
perspective transform matrix. The inverses of the viewport scale, focal length projection and z
translation are applied to the 3D matrix in reverse order. The roll adjustment is then applied by pre-
rﬁultiplying the matrix by a /4 y rotation matrix. The roll, pitch and yaw are computed as described.
Since the roll is positive, the pitch direction is now known. The #/4 roll adjustment is finaily
subtracted from the roll to give the actual roll.

When the roll and pitch are both zero, the focal length and z offset are both unknown as

described above. However, in this case there is no need to adjust the roll since the pitch and roll are
NPT011-3G




taking the square root. The sign of the sine (H), however, nust be

determ ned by other neans, as described in Section 6.7.3.9. Gven G and H,
the roll is then obtained according to EQ 114. 8.4.3.5 Solving for Yaw
From EQ 73, EQ 92 and EQ 93, EQ 115 and then EQ 116 can be obtained. From
EQ 92 and EQ 116, EQ 117 and then EQ 118 can be obtai ned. From EQ 92 and EQ
116, EQ 119 and then EQ 120 can be obtained. In EQ 116, and hence EQ 118
and EQ 120, the sign of the square roof is determined by the sign of i,
whi ch can be determ ned fromEQ 80, giving EQ 121. Since |I (t_) is
negative, J (1/?) is positive, and I1J < -1 (because J(] > X), then EQ 122
holds. Gven C and D, the yaw is then obtai ned according to EQ 123.

8. 4. 3.6 So¥widigndwsr Vi ewport Scale The cosine (C and sine (D) of the yaw

are by defgnablborydnaN ey zerb Bikk aMERMP! Y zero. Since NPTO11-SG 71 the cosine
(E) of the pitch_is never zero, either EQ 67 or EQ 68 can therefore always

be used to det eNYRPhEDLEHES piicgp &t is 2prg) ‘Ee geggral splotiqn hased 98 £ M7 cbecqmsen from
EQ 67, EQ it2did qantable oﬁbgued sse,ﬁbws @che ﬂageme fbfins G EQ 6mmf¢ugm@71 Y@ hestif om EQ

68, EQ 125 can be obtain for cal th Simlarly,
i hce t he WEE e & BrBis g Pl S el e e G B Yoy 71 Lan
be used twsrodetapmrane Thhabl i Eizses $oadl 37| semgbththd dEyyired glcdngdeastingiabdier t he
pitch or rlﬁ%ll(hmﬁ &s&%e@@l{e%tcmmyﬁﬁ are z&r@%&'e%ﬂ%asgfmo&\g%d%y ?e?c% g&arﬂ'{gqn H) of

the pitch and roll not be known. However, oduct (FH)
of the sinBsts "ftFFf’ém 1 10R ca5p5dn the fable P%Fl%‘fe\ﬁéﬁfewellebwm ecaé?snuglhfeswprq the EQ 126.

The S|gn Ctﬂb‘ledif&"lgaﬁé§86gﬂ£8ﬂ arbitrarily to F, since the sign of T is known a

priori. h olon- - zer o, then fromEQ 70, EQ 127 can be obtained. If hi

i S non- zero f‘ en fromEQ 71, EQ 128 can be obtained. In practice, the

choi ce bet ween UEhWeSE@my@ﬁorahﬁd b desp@peil with sefeiceon awkfeid efibodimeatnad hi  has

the | ar gernuiBgnk Eﬂégﬁc althRivk emﬂ%ntz QRbvel, Gl Be | beprebth se Ekﬂgh afd hi are
both zero, are.b th z 4.3 oIV|ngfor Z

ol
O f set mcféle‘faﬂteﬁe}dﬁ%tras@mgw Pfhffféwaftdﬁmetﬂ) lﬁfegﬂ%%ﬁosetswélﬁﬁaﬂasflfsg@ed e
obt ai ned falsoMIB@LBGhe spat e@irscipa gf the predght iRBution. Accordingly, it will be understood that

the invention is not intended to be limited to the specific embodiments described in the present
specification, including documents incorporated by cross-reference as appropriate. The scope of the

invention is only limited by the attached claims.
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Again, the z offset (1) is unknown if the inverse focal length (J) is
unknown, i.e. if the pitch and roll are both zero. 8.4.3.9 Determning
Direction of Pitch and Roll The sign of the product (FH) of the sines of
the pitch and roll is given by EQ 126. Since -n/4 < [err] < [err]/l4, a
roll adjustnent of +x/4 can be introduced to ensure the roll is always
positive, wthout invalidating any other assunptions. Once the rol

adj ustment is introduced, EQ 126 gives;sthe sign of the sine (F) of the
pitch alone. The roll adjustnent is introduced as follows. The vi ewport
scale (S), inverse focal length (J), and z offset (1) are all conputed as
described. A 3D transformmatrix is created fromthe 2D perspective
transformmatri x. The inverses of thHaAIM8wport scale, focal length

pr OJ ecti oy, and ZA rLglic@er%{' rﬁ:ﬁ 'npféla%netoaapsmﬁ{cgcto&eg dEJQ%e:ﬁ?d&[}Iﬁéeﬁ"{fmln%e r@ver S€

order. The roII adjustnment 1s then appli re- ng the matri x
by a 7r/ 4 erdn bt Foé?f‘ 7Rt Lpgluges lﬁ?ety daip for ldﬁvttfelpg tamglylawdawrheele dm@edeé datais

descri bed. comﬁhd’éﬁ)& f:lbl@]:tfr QJfI subs&ntﬁwﬁ i undisf@entibiBe maid GRsifinEE cdld0 14 & KPWr known.
The [err]/rmkf mm Hsnflnally subtracted fromthe roll to give
the act ual PF¢I™™ PdTP and pitch are both zero, the focal |ength
and z offset are both unknomn as described above. However, in this case
there is no need to adjust the roll since the pitch and roll are NPTO011l-SG
72 al ready2 knowna rioft adokifhg RS 11NGhefel] Qobhdre RpRRs B df a\léhﬁﬂty%f thes the
pitch or roll is zero, the general solution based on EQ 107 becones
invalid. THé®table of Figure 85 shows the 12 degenerate fornms of EQ 64
through EQ 71 which result when the yawis variously zero (or n), [err]/2
(or 3n/2), and non-zero, and the pitch and roll are variously zero and

non-zero. jfhe tap lr%logfaccgﬂdﬁk' 'Eoeccfauﬁg \@ﬂlﬁ:m%lze Q%Qédsvaﬂy%})}egﬁtec[ @Oa Irfg al fggl c f OL

detecting and_ handling cases where t are zero, wt

each case Htl X/%Ffeé‘ﬂ‘nwyzﬂéﬁrﬁé‘t“ﬁ‘pﬁ;él&r‘?%mla ve to Hig set9f PradegsFmimdmisalggk The
cases in tipeatitnabl e of Figure 85 are |abelled with the case nunbers fromthe
tabl e of Figures 86 and 87. CONCLUSI ON The present invention has been
described with reference to a preferred enbodi nent and nunber of specific
alternative enbodi nents. However, it will be appreciated by those skilled
in the relevantA fisindacordingt o glaisy iriydercis fheoprpristernane oinkre vk paditipfseard ng from

t hose specirbige@ielaivedesntrhiRES nodhdi lines@l so fall within the spirit and scope
of the present invention. Accordingly, it wll be understood that the

invention is not intended to be limted to the specific enbodi nents
described in the present specification, including docunents incorporated
by cross- ref er entegas sgpproprclat € whéftieatdagpeas @fr of thelines are spaced apart from

one another by a distance of less than 100 millimeters.

6. A region according to claim 1, wherein the marks have centers and wherein the relative

spacing of the centers of at least one pair of adjacent marks is less than 12 millimeters.

7. A region according to claim 1, wherein each mark has a minimum radins and a maximum
radius and wherein the length of a mark’s minimum radius is greater than 40% of the length of that

mark’s maximum radius.

8. A region according to claim 1, wherein any 10 millimeter diameter subregicn of the region

includes sufficient coded data to identify the region.
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invention is only limted by the attached clainms. NPT011l-SG 73 CLAIMS 1. A
region defined in relation to a surface, coded data being di sposed within
the region, wherein the coded data includes identity data for identifying
the region and wherein the coded data conprises a plurality of
substantially undifferentiated marks positioned relative to a set of
predeterm ned nom nal mark positions. 2. A region according to claiml1,
wherein each mark represents one of a-plurality of coded values. 3. A
region according to claim2, wherein the coded val ue represented by a mark
is at least partially determned by the position of the mark relative to
the set of predeterm ned nomnal mark positions. 4. A region according to
claiml1l wherein Aﬁ@oﬁh@dﬂm@tdﬁlmd Wierannad cot@lr datapoddotihddatvear € plualityanged
relative t I It 0 r di claim4
wherein afgﬁ%ggﬁg%%e t%z%&w?? F?h%lq@ﬁgﬁgmgég%ggggwg%ﬁgo%fﬂ%ﬁég%nother
by a d|stam%%h%$ﬂ¢@@§mﬁﬁﬁﬁnKO@mW$PW%W@@@?@WW%PMNOf@gﬁawlaccordlng to claim
1, wherein the marks have centers and wherein the relative spacing of the
centers of at |east one pair of adjacent nmarks is less than 12 nmillineters.

7. A di
Snd o i © AR AeR S A< PHRGE ey PRo s PR i mum 1 adh S s
greater t hlqn 40% g@t&&d@&;ﬁo&l@ %Dsu%ce%%@}r%a r{ﬁ%ﬁ K.he%né%é hx@‘dﬂ?lgr tgedslteg§df 8. Ar egl on

according to claim erel h any nmeter di amet €r subregi on of the

region ingl udesicgihd bdibdQita GOES R af ListhdiQRt ﬁnfdaffekmﬁtea SR positNRIP11- SG 74

9. Aregion according to claim]l, wherein the ¢cqded data is also .indicative
of a pl ur dFPEY ioFset ‘fféffe@fi“'é‘ﬁlé‘éi DSB‘F‘ﬁ‘t‘%"’ﬂHPS‘P?{‘é thesgieg 2 hreirrisr e st aasgiom o

m | | i met eridaiigaséctedstthmegigomn aaf t he regi on includes sufficient
information to identify at | east one reference point of the region. 10. A
surface, il udidngosnetsgpdst daoeithingharegianongayurdere of t he precedi ng cl ai ns.
11. A method of producing a surface having a region, the nethod including
the steps of: (a) defining coded data as a plurality of substantially

undi fferenti ated marks po iti rel ati set of p rni ed
nom nal mark post P‘F‘B%safg’f ? dﬁ‘ﬁrﬁmﬁécxﬂldt‘ﬁrﬁ’dﬁls‘%?&t@?/%f agrr gidsh

identity a&&an;ated W th the reglon, and

13. A method according to claim 12, wherein the coded value represented by a mark is at least
partially determined by the position of the mark relative to the set of predetermined nominal mark

positions.

14, A method according to claim 11 wherein the predetermined nominal mark positions are

arranged relative to a plurality of nominal lines.

15. A method according to claim 14 wherein at least one pair of the lines are spaced apart from

one another by a distance of less than 100 millimeters.

16. A method according to claim 11, wherein the marks have centers and wherein the relative

spacing of the centers of at least one pair of adjacent marks is less than 12 millimeters.

17. A method according to claim 11, wherein each mark has a minimum radins and a
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(b) disposing the coded data within the region on the surface. 12. A nethod
according to claim1ll, wherein each mark represents one of a plurality of
coded values. 13. A nethod according to claim 12, wherein the coded val ue
represented by a mark is at least partially determ ned by the position of
the mark relative to the set of predeterm ned nom nal mark positions. 14.
A nethod according to claim 1l wherein the predeterm ned nom nal mark
positions are arranged relative to a-plurality of nomnal lines. 15. A

met hod according to claim 14 wherein at | east one pair of the lines are
spaced apart from one another by a distance of less than 100 mllineters.
16. A nethod according to claim1ll, wherein the marks have centers and

wher ei n t heaxinelratdivsend wlpadi tigength of HMark’e Mindiive rodiusad grdaethin 40 f phaiesgtiof

adj acent gég I 12 mllimeters. 17. A nethod according to claim
11, mhereﬁﬁﬁégg Lo agﬁg m ni mrum radi us and a NPT011- SG 75 maxi nmum
radlus and wherein the length of a mark's mninumradius is greater than
40% of the length of that mark's maxi mum radius. 18. A nmethod according to
claim 11, wherei n@ihyd ddorling tol JiEh all, WlieRMBINEN0 SHIBHAG dtihe@f subRBon HEGE ON

i ncl udes suffi.c entlf the region. 19. A nethod
accor di ng f%mgw%%%sT%mmﬁﬁgﬁg%%t %ﬂm detF'data is also indicative of a

plurality of reference points of the region and wherein any 10 mllineter
di anet er subregion of the region includes sufficient information to

identify afy | east moB& +&I@LeNGEn PO WALreiRThe AU A28 A indNRHO e R ity of

reference points of the region and wherein any 10 millimeter diameter subregion of the region

includes sufficient information to identify at least one reference point of the region.
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