1 ORI ENTATI ON SENSI NG DEVI CE W TH | DENTI FI ER FI ELD OF | NVENTI ON The present
invention relates generally to nethods, systens and apparatus for
interacting wth conputers. The invention relates particularly to a
sensing device for sensing its own orientation relative to a surface when
noved or positioned relative to the surface. The invention has been

devel oped prinmarily to allow a | arge nunber of distributed users to
interact with networked information via printed matter and optical sensors,
thereby to obtain interactive printed matter on dermand vi a hi gh-speed

net wor ked color printers. Although the invention wll largely be described
herein with reference to this use, it wll be appreciated that the
invention is not |i MAQRIENTATIONSENSINGDEVICEWITH IDERTHIERI NG APPLI CATI ONS
Vari ous net hods, systens and apparatus relating to the present invention
are disclosed in the follow ng co-pending applications filed by the

appl i cant or assignee of the pr EELROR INVENTIONN  si mul t aneously with the

present appl i cat irQyresBfe Ty @0/ RRP deBeral FGd MmbKIEY QO] nd BpabrAldR0ALERR0,
PCT/ AUCQY 00521,  PCT] AUOQ) 00523, %De%er QUOO’ 00524 PCT/ At%m 00525,

PCT/ AU0O/ OW%mP“t%’TFY‘%H@B‘}%Gg‘?@f pagg BB S8 icoRs PPty YBsogitation
PCT/ AUDO/ 0868810 SIS AR MO fos IET S BO5:Ese. PCT/ AUDO/ 00533,

PCT/ AUCD 00598, kA0 G0R3B  BH R Uz b e IR R A P

PCT/ AUCO 0054t W‘ﬂP@W’W@%ﬂ‘B‘ “P@"IWP@JM@@SﬂhﬁptlchCsFF%‘\@O@FGWSZPSObtm
PCT/ AUCO O@Rddiive pritfel/nddekdoh BGadbvia IRGIH AW d10r driatbfs A0 @2 Hfention

AL AN R e o

PCT/ AUOQ! O@bifed oRETiH AlSIBId00567 PCT/ AUCQ 00568, PCT/ AU0O/ 00569
PCT/ AU0O/ 00570,  PCT/ AU0O/ 00571, PCT/ AUOQ 00572, PCT/ AUD0100573.
PCT/ AUCQ 00574,  PCT/ AUOQ 00575, PCT/ AUOO/ 00576, PCT/ AUOO/ 00577
PCT/ AUOQ 00578,  PCT/ AUOO/ 0055 @yPENRINGARRIAGAEBNS pCT/ AUDO/ 00580
PCT/ AUOQ 00582, varids ihed@X R0 aﬂBQIﬁuAb@g@@tﬁB&eseﬂ@éMé QSR in the

PCT/ AUCO 8%@(8%1 ;%[4;]%%.005937 PCT/ A% 68 PCT/IAW 00591, .
PCT/ AUOYY G028 4P AR BN 5H 5SiEBEE TP d’f&'ﬁfifi‘g ghyention
PCT/ AUOCO 00 9izncousBEih AldpR4<00peI8atioRCT/ AUOO/ 00516, and PCT/ AUOQO 00517.
NPS038- SG PCT/AU00/00518, PCT/AU00/00519, PCT/AU00/00520, PCT/AU00/00521,
PCT/AU00/00523, PCT/AU00/00524, PCT/AU00/00525, PCT/AUG0/00526,
PCT/AU00/00527, PCT/AU0/00528, PCT/AU00/00529, PCT/AU00/00530,
PCT/AU00/00531, PCT/AU00/00532, PCT/AU00/00533, PCT/AUO0/00534,
PCT/AU00/00535, PCT/AU00/00536, PCT/AU00/00537, PCT/AUD0/00538,
PCT/AU00/00539, PCT/AU00/00540, PCT/AU00/00541, PCT/AU00/00542,
PCT/AU00/00543, PCT/AU00/00544, PCT/AUQ0/00545, PCT/AU00/00547,
PCT/AU00/00546, PCT/AUG0/00554, PCT/AU00/00556, PCT/AU00/00557,
PCT/AU00/00558, PCT/AU00/00559, PCT/AU00/00560, PCT/AUG0/00561,
PCT/AU00/00562, PCT/AU00/00563, PCT/AU00/00564, PCT/AUG0/00566,
PCT/AU00/00567, PCT/AU00/00568, PCT/AU00/00569, PCT/AU00/00570,
PCT/AU00/00571, PCT/AU00/00572, PCT/AU00/00573, PCT/AU00/00574,
PCT/AU00/00575, PCT/AU00/00576, PCT/AU00/00577, PCT/AUG0/00578,
PCT/AU00/00579, PCT/AU0/00581, PCT/AU00/00580, PCT/AUD0/00582,
PCT/AU00/00587, PCT/AU00/00588, PCT/AU00/00589, PCT/AU00/00583,
PCT/AU00/00593, PCT/AU00/00590, PCT/AU00/00591, PCT/AU00/00592,
PCT/AU00/00594, PCT/AU00/00595, PCT/AU00/00596, PCT/AUG0/00597,

PCT/AU00/00598, PCT/AUQ0/00516, and PCT/AU00/00517.
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reference. 2 The disclosures of these co-pending applications are

i ncor porated herein by cross BACKGROUND Presently, a user of a conputer
systemtypically interacts with the systemusing a nonitor for displaying
informati on and a keyboard and/or nmouse for inputting information. Wil st
such an interface is powerful, it is relatively bul ky and non-portable.

I nformation printed on paper can be easier to read and nore portabl e than
information displayed on a conputer nosfitor. However, unlike a keyboard or
nouse, a pen on paper generally lacks the ability to interact with conputer
software. OBJECT It is an object of the present invention to conbine
advant ages of pen on paper and conputer systens. SUMVARY OF | NVENTI ON The
present inventi ofthe dbddsess pOtheseserpsnding abelcedes fer ingaretedt hereip by icesst at i on
data when .pRsi.tioned or noved relative to a surface, the orientation data
being indicative of an orientation of the sensing device relative to the
surface, the surface having coded data di sposed upon it, the coded data
bei ng indicative, when sensed by BhekeRowiNDg device, of the orientation,

t he sensing devi cl udi a housin i.on_sensi ng nmeans
cont 1 gur ed-to- gelgraes Pt der BRRen il iy e P ARG ¢ he
coded data&r@nﬁwm@mﬁumﬁ@&@mbmbwhaah&dbom@sg&r@ﬁMmgnﬁnmmmﬂﬁﬁm@mmhmx

~orientati ofegat & foQedu GPRRULSLY SHB! Sl nod-For@oiP rlﬁﬁﬁ{a&o%qmﬁea&) 919' ﬂ
orientation data i1s Indicative of the yaw, ch ["or roI
housi ng r ePfr B4 B PR rafpbledhap infappaticg P%Yfﬂp O%aWém%‘%ﬁﬁ FORigr- alewe'e mrlalm udes

Mot i on  senslefiakivaissd, @ pen@e Peichlly HER eiFakility tod@bract Wit mbhe séfRsl Ng devi ce
is noved relative to the surface, the conmuni cati ons neans bei ng
configured to communi cate the novenent data to the conputer system
Preferably al so, the sensing devi ce QBELCTides regi on identity sensing neans

configured to Sﬁﬁ§%no&@@%fh@%mé&@%h&ﬂmﬂﬁN&ﬁﬁmb%m@ﬁﬁkébpﬁﬁqmq%pQQM@d
relative to a region of the surface, and using at |east sone of the coded

data, regiGRPYUERIMy data indicative of an identity of the region, the
conmmuni cati ons neans being configured to communicate the region identity

data to the conmputer system Mﬂlﬁ?ﬁ@( éplﬁVENTION

The present invention relates to a sensing device for generating orientation data when
positioned or moved relative to a surface, the orientation data being indicative of an orientation of the
sensing device relative to the surface, the surface having coded data disposed upon it, the coded data
being indicative, when sensed by the sensing device, of the orientation, the sensing device including:

2 housing;

orientation sensing means configured to generate the orientation data using at least some
of the coded data; and

communications means configured to communicate the orientation data to a computer
system.

In a preferred embodiment the orientation data is indicative of the yaw, pitch and/or roll of
the housing relative to the surface.

Preferably, the sensing device includes motion sensing means for generating movement
data when the sensing device is moved relative to the surface, the communications means being
configured to communicate the movement data to the computer system.

Preferably also, the sensing device includes region identity sensing means configured to
sense, when the sensing device is positioned or moved relative to a region of the surface, and vusing at
ieast some of the coded data, region identity data indicative of an identity of the region, the
communications means being configured to communicate the region identity data to the computer

system.
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The orientation sensing neans preferably detects the orientation of the
housing relative to the surface dynamcally as the housing is noved. The
housi ng may have an el ongate shape which can be held by a user. In one
enbodi ment, the housing has the shape of a pen. The housing nay be

provided with a marking nib for marking the surface, but this is not
essential. By sinultaneously capturing orientation and novenent data the
system may be used to verify a personjs signature. Alternatively,

dynam cal | y-nmeasured orientation signals can enable the housing to be used
as a joystick. For exanple, such a joystick could be used with

t hree-di nensional software applications. Note that it is not essential for
the orientation Fengicrgiopeasiss hangusigelyt dvects te pamtatidn of the bfusivhelalieusi ng i n
all three gi mldmcaﬂytas ﬂi@ﬂou@iﬁg § Hf(otrédo'fh% 'ﬂ&usfng mg)ﬁla@acaln eBEQa)é sﬂaggwﬂkﬂcgn as sone

applications may not need three-di nensional orientation I nformation. For
exanpl e, t¥erWdysa we- fagre ewéodefgf@ta the opsing diay the shaps efyapen ghe deysing may pe 5

devi ce, sugbvids with€mirkib@iis fot Marbihg @e sl.ul—fgia,tbuamstsh&ess&hfume of a I oudspeaker,
by varying the pitch | w
cal cul ated by de?éclfm{rﬁaﬁe%% ;S’me'% o t|1°§1ta%(‘rFfmvemﬂt d% rot%\%jl b B umahe coded
dat a. Fi rsterily, a person’s pigtamre, dbicinatively érr@mmlhenem@ Otlmuapwmlatcmenp%e thé r st

appl i ed t ondhlig 1548 as@@% ae}aquvmexa}nmelsaaavaqusm%awﬁé AcEwithtNaRBELRD bet ween
force app“%%tl on_and renoval being defined as a. stroke' in freehand. The

force dat o PRRLEANON Nh Bkl S T0b e%“f“&ﬂpf%rdthe PHRERUPSIsE gransdo ssr 8F abl y a
separ at e i srphtaive of theimndisy inbingret tigeR{ppy: DR B Bffkednsdas on]tghﬂﬁ(pms sedmabove. |t
nay be any f l ! (V) aliQ [32:¢ I.I mr

e AR B ke SR bl WLl M B o

surface w Itehls?ﬁla*ﬁ élnea@br el jiam ppeohraf 4 dsmice, yish ot e sﬂep%ty b1 h@ls«sréhﬂ voéwne Oﬂ'he

appar at us fogisfRaef, gya@,l%ﬁelﬁtm%eg(pgndgmeractl on with a conputer system
that can be contBB) 'I:‘;x ‘3 can interpret hand-drawn_informtion (whether

drawing or writi A 6’ﬁ‘?1ﬁa€ Ry bﬁ%"’é‘i“ ate by deiqqine perrettiye ‘?‘P’@P‘é‘i“&ﬁ?‘%}lmt he
sensi ng desfiteeodedda. r anged to provi de device identification information

whi ch uni quel y i ; He hdlerefore use
this to identif gﬁﬂg I%gé?%e tggé%%gggégﬁa%%%gangﬁm§ ‘%Q%ﬁzxpfgggﬁt

i nvention Wieplit lff@@dheesua”wa\r@mmtm bw«tehéor*feoﬂpplmﬁongnd wagel boyiidofncd fs a

enbodi mnt‘%ﬁcﬁc@@ﬂ@&fxand.mem&‘dﬁimﬁﬁ@m&nw}hﬂé,mﬂ)&dh reference to the
acconpanyi ng drﬁﬁﬁnﬁs. BRI f SCRI PTI ON. OF DRAW NGS Preferred and ot her
enbodi nents of t A& FPRYERL T SR 2 ITBRFH S RrmsePHagre B R0RPrgf ™8R2 1 i miti ng
exanpl e ondisgpssegiabdve.Tahaybemyehapobut hé patrbdlypahy fongofdsains srgsn. i n whi ch: Figure
1is a schemti cpgfemalyttn@apmtastxh&pp%mep BERAE SR B SARY fe RiAALRH LG Page and

its online page descri I on,
drawn imformation, but this is not essential.

The apparatus is preferably intended for interaction with a computer system that can be
controlled and can interpret hand-drawn information (whether drawing or writing) applied by a user
via the device. Preferably, the sensing device is arranged to provide device identification information
which uvniquely identifies the device. The computer system may therefore use this to identify the
device,

Features and advantages of the present invention will become apparent from the following
description of embodiments thereof, by way of example only, with reference to the accompanying
drawings.

BRIEF DESCRIPTION OF DRAWINGS

Preferred and other embodiments of the invention will now be described, by way of non-
limiting example only, with reference to the accompanying drawings, in which:

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

description;
NPS038-SG



NPS038-SG 4 Figure 2 is a schematic view of a interaction between a netpage
pen, a netpage printer, a netpage page server, and a netpage application
server, Figure 3 illustrates a collection of netpage servers and printers
interconnected via a network; Figure 4 is a schematic view of a high-I|evel
structure of a printed netpage and its online page description; Figure 5
is a plan view showi ng a structure of a netpage tag; Figure 6 is a plan

vi ew showi ng a rel ationship between a get of the tags shown in Figure 5 and
a field of view of a netpage sensing device in the formof a netpage pen;
Figure 7 is a flowhart of a tag i mage processing and decodi ng al gorithm
Figure 8 is a perspective view of a netpage pen and its associ ated

t ag- sensi ngefré 2isd sefmaric e comigteractifa gptween Onchiggeapeipe nepecirines aexpigoped vi ew of

t he net pag&wgleglﬁggmfgeépghﬂl&%ree@ Figure 10 is a schematic bl ock diagram
of a pen control he net page pen _shown in FI%UI’ES 8 and 9; Figure

11 is a pefgpetillpsatesscaligetm ohnepagesenipiAne BdpivpEagfache vieasworki gure 12 is a
section thrigwgh it bechkeagtwewods 4 High-Ibel pagRreTianjriafed Qbtpdzt GAl @& doline fdegur e 12a
is an enl al ed (POI"[I on of Figure 12 showi ng a section of the dupl exed print
engi nes an Bﬁ Ue wheel assenbl y; Figure 13 is a detailed view of the ink
cartri dge, Figuik3 is aplpn d¢vdshgivinga syattirs of agptdagptagnt  engi nes of the net page

printer ofFlglrgyfs%h&%e@mwﬁagarelfdug,uﬁlsbe%eews@oﬁsehs‘gg%uﬁ i Qs i aaKaM of a
printer confroller for the netpage printer shown in Figures 11 and 12;

Fi gure 15 ‘?é"e‘éf°§%W?ﬁ§tsFrEm%@%Rm&}eéﬂ?£ﬁ?‘ﬁ?fpaWﬁ‘f sexed print engine controllers
and Memj etlTBﬂrﬁp'ThIﬂhﬁ:&ﬂﬁofaﬁsmeﬁbﬁﬁkm‘gfaﬁdl’ﬂeiohﬁgﬂgdnﬂiixel’ controller shown in

FIIgur e L4 O Spd el 0 AP SIBEL Sy DRI AL KRB AL M enDl e

controller ures ure 'S a perspec I ve view of
a single wgar@?wwpwpwq%QO@ﬂmnfthelawam’whvwmiFweéxarrpl e, the netpage

printer ofpifirgliri®SscildhatiObideR diagrh W s§ped ShnirdlieAoRd BRESE binBow i€ iets sans Mal |
part of an array of MenjetTM printing elenments; Figure 19 is a series of

per specti Ve views illustrati ng the operating cycl e of the MenjetTM printing
el ement s hidipute 11ris Fpegprcave kB oFa galkmoug@d epage pigtespect i ve vi ew of a short

Seoment o i PRSI N NG £ IS bDLAS b Filile 21 1 o @ schematic vi e
of a user ass di agr am I gure IS a SC eI’TB.tI c view of a pl’l nter cl ass
di agr am Figure 12a is an enlarged portlon of F1gure 12 showing a section of the duplexed print engines and

gloe wheel assembly;

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

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

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

Figure 16 is a schematic block diagram of the print engine controller shown in Figures 14 and 15;
Figure 17 is a perspective view of a single Memjet™ printing element, as nsed in, for example, the
netpage printer of Figures 10 to 12;

Figure 18 is a perspective view of a small part of an array of Memjet™ printing elements;

Figure 19 is a series of perspective views illustrating the operating cycle of the Memjet™ printing
element shown in Figure 13;

Figure 20 is a perspective view of a short segment of a pagewidth Memjet™ printhead;

Figure 21 is a schematic view of a user class diagram;

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

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

Figure 24 is a schematic view of an application class diagram;
NPS038-5G



Figure 23 is a schematic view of a pen class diagram Figure 24 is a
schematic view of an application class diagram NPS038-SG 5 Figure 25 is a
schematic view of a docunent and page description class diagram Figure 26
is a schematic view of a docunent and page ownership class diagram Figure
27 is a schematic view of a term nal el enent specialization class diagram
Figure 28 is a schematic view of a static el enent specialization class
diagram Figure 29 is a schematic view of a hyperlink elenment class
diagram Figure 30 is a schematic view of a hyperlink el enent

speci alization class diagram Figure 31 is a schematic view of a

hyperli nked group class diagram Figure 32 is a schematic view of a form

cl ass di agFiany 25 i gheneti@8ew of 2 docgoine melipigs duseipiondlasedisiragi; t al 1 nk cl ass

di agram Frg & idfschenafle RENETB b Geny bl Yol lowikedhlp @ladd d%b%‘ﬁe”t speci al i zati on
class diagram Figure 35 1is a schematic view of a checkbox field class

di agram FIgy ¢/ sschanate Aol pdprpinal glpmsht wecializatipnlast diggra c| ass di agr am

Fi gure 37 Flguraz&‘aeh@wm@weﬁﬁws@dc cRmEit gRciblizit®n b bidgrah;ass di agram  Figure
38 is a flpgwh i.n r sing, al rthm Figure 38a is a

det ai | ed ffgure%r ?SC ocnvées eB%o '&f I tl%l‘as c%é *of Figure 38; Figure 39 is
a schemat|Elglwiﬂns@#ch@apa‘gfev@ehmxflmlc@%mwwceh@mmasscﬁhaa@@ diagram Figure 40

is a schenﬁgdrgﬂv,ggg%&{m@ngﬁeg‘fgy*p@ ?Ig{;ﬂo%g(g&mg} ass diagram Figure 41 is a
schematic view of a favorites st c ass diagram Figure 42 is a schematic

view of a HFEEOrY2 rhertcyieed s fimgesifieeam gure 43 is a schematic view of a
subscri pt i Bipurel®l ié ¥ @hemaf Wiwost @ igital fok glass diaghdm;l S a schematic view of a

hyper | i nk r schematic view of a

hyper | i nk %%?‘%l%g% I %lﬁle%%ﬁco‘?éggcg 2k Eegengsggc%gz alégl{ %%%?%rréu c viewof a form
submi ssi onfigroiigepichemay W@aAhPCITbSX%FIWQWW vi ew of a conmi ssi on payment

protocol ; Eglg&lféﬁsélﬁ%hdnﬁtlcamMQMﬂeﬂclébs%gﬁfn a set of radial wedges neking up
a synbol ; hematic view of a ri ng A and B synbol

al | ocat i onFlg‘E% rf‘ﬁsasc eﬂ‘“@j‘u‘i‘eé” B Sipetusp el eaRdf?e @™y i ew of a first ring C and D
synbol al | Bigw¢ 38052 Bavlabmef an ifugproessihd alpgiten; schemat i ¢ vi ew of a second ring C
and D Synbﬂ%m@ismcaadua%ﬂwﬂmw b OHE Ero¥enai e Rgngiemat i ¢ view of a

triangul ar packing; Figure 53 I's a perspectrve view of an icosahedron;
Plgu.re 39 is a schematic view of a page server command element class diagram;

“n

Figure 40 is a schematic view of a resource description class diagram;

Figure 41 is a schematic view of a favorites list class diagram;

Figure 42 is a schematic view of a history list class diagram;

Figure 43 is a schematic view of a subscription delivery protocol;

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

Figure 45 is a schematic view of a hyperlink activation protocol;

Figure 46 is a schematic view of a form submission protocol;

Figure 47 is a schematic view of a commission payment protocol;

Figure 48 is a schematic view of a set of radial wedges making up a symbol;
Figure 49 is a schematic view of a ring A and B symbol allocation scheme;
Figure 50 is a schematic view of a first ring C and D symbol allocation scheme;
Figure 51 is a schematic view of a second ring C and D symbol allocation scheme;
Figure 52 is a schematic view of a triangular tag packing;

Figure 53 1s a perspective view of an icosahedron;

Figure 54 is a perspective view of an icosahedral geodesic with frequency 3;
Figure 55 is a schematic view of a minimum tag spacing;

Figure 56 is a schematic view of a minimum tag spacing which avoids overlap;

Figure 57 is a schematic view of a first tag insertion case;
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Figure 54 is a perspective view of an icosahedral geodesic with frequency
3; Figure 55 is a schematic view of a mninmumtag spacing;, Figure 56 is a
schematic view of a mninmumtag spaci ng which avoids overlap; Figure 57 is
a schematic view of a first tag insertion case; NPS038-SG 6 Figure 58 is a
schematic view of a second tag insertion case; Figure 59 is a schematic
view of athird tag insertion case; Figure 60 is a schematic view of a
fourth tag insertion case; Figure 61 ig a schematic view of a pen
orientation relative to a surface; Figure 62 is a schematic view of a pen
pitch geonetry, Figure 63 is a schematic view of a pen roll geonetry;
Figure 64 is a schematic view of a pen coordi nate space show ng physi cal
and opt i cafigusecdds axfhemativerew of Fiegand &g BBerfim case;schemat i ¢ vi ew of a curved nib

geonetry; fmgesa%@hehémam%@mﬁ&{agmyangwcgé an interaction between sanpling
frequency and tag frequency; gure 67 is a schematic view of a pen

opti cal paﬁlﬁ"‘e@l‘W@%@W?OQaPFWF‘%T“% stroke capture algorithm and
Fi gure 69 Ihglre%lscinemhﬁommoempdafonanaha:vveldﬁvgtotaa;hrfacak class diagram Figure
70 is at Sontai ni o yatio ered | to 10; Figure 71 is a table
cont ai ni nglp%'guatlslaosgléemﬁtﬁ er edpﬁnpﬁ&gmﬂ? Figure 72 is a table containing
equat i ons mﬂvﬁﬁﬂwclﬁmﬂ@wapﬂﬁw@lﬂe@eﬁ& is a table containing equations

nunber ed Zﬁglﬁ‘élﬂ%a scherb@HUES, oi‘élpan%o@d,ﬁa@etgba%e &%@bm&%@ﬁ%@maﬁa&mﬁmer ed 35
to 4 1, gn%e 75 is a tabl e containing equations nunbered 42 to 44;

Fi gure 76 TSP alsiedoht iy L5 8%rSHe nunbered 45 to 47; Figure 77 is
a tabl e cafiguad G8iipclepatit vieons anipb@ibetktwien fampimg ﬁequacgwdeagmqueﬁcya t abl e

cont ai ni ngg;equati o g]g&r(% _/cﬁgpeg%% %’%o | Figure 79 is a table containing

equations n ere s a tabl e containing equations
nunber ed S8eure85e flowphagof strgle cprgurgalgogiBieandont ai ni ng equat i ons nunbered 60

to 63; FlIgg:weaw&s?agc&mamt@woeafaaratgamﬂcraﬁssaﬁg&hl ons nunbered 64 to 74; _
Fi gure 83 tabl cont ai nlmﬁlg g?]é ns nurrbered 75 to 86; Figure 84 is
Tt

a table coﬂﬁ%"é‘ai%rq Herghe! t% Figure 85 is a table
cont ai ni ngﬁmﬁmna@m:@eqwmwnmmmmddumﬂm

Figure 72 is a table containing equations numbered 21 to 26;

Figure 73 is a table containing equations numbered 27 to 34;

Figure 74 is a table containing equations numbered 35 to 41;

Figure 75 is a table containing equations numbered 42 to 44;

Figure 76 is a table containing equations numbered 45 to 47,

Figure 77 is a table containing equations numbered 48 to 51;

Figure 78 is a table containing equations numbered 52 to 54;

Figure 79 is a table containing equations numbered 55 to 57;

Figure 80 is a table containing equations aumbered 58 to 59;

Figure 81 is a table containing equations numbered 60 to 63;

Figure 82 is a table containing equations numbered 64 to 74;

Figure 83 is a table containing equations numbered 75 to 86;

Figure 84 is a table containing equations numbered 87 to 99;

Figure 85 is a table containing equations numbered 100 to 111;

Figure 86 is a table containing equations numbered 112 to 120;

Figure 87 is a table containing equations numbered 121 to 129;

Figure &8 is a table containing a set of degenerate forms of equations 64 to 71;
Figure 89 is a first part of a table containing conditions and special handling for zero pitch and zero
roll; and

Figure 90 is a the second part of the table of Figure 89,
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Figure 8 6 is a table containing equations nunbered 112 to 120; Figure 87
is a table containing equations nunbered 121 to 129; Figure 8 8 is a table
containing a set of degenerate forns of equations 64 to 7 1; Figure 89 is a
first part of a table containing conditions and special handling for zero
pitch and zero roll; and Figure 90 is a the second part of the table of
Figure 89, NPS038-SG 7 DETAI LED DESCRI PTI ON OF PREFERRED AND OTHER

EMBCODI MENTS Note: Menjet[err] is a trade mark of Silverbrook Research Pty
Ltd, Australia. In the preferred enbodinent, the invention is configured to
work with the netpage networked conputer system a detailed overview of
which follows. It will be appreciated that not every inplenentation wll
necessarily enbody all or even nost of the specific details and extensions

di scussed bl odriuehl SdiiehN diepRARGReD) LS BryER SpERS oYt em 1

described in its nbst co ete rmto reduce t or externa
ref erence Mﬂ%Hkmﬁﬁﬁﬁﬁﬁﬁ#@mﬂ@ﬁéﬁﬁéﬂyk§ﬁﬁMﬂH€Y@éﬁﬂé%#a|n which the preferred

teLTbOdl rr?nts Sn? aspe t‘e?eﬁ@ci eﬁlﬂﬁu&ﬁﬁ%@nl%vehtmﬂe@tcbﬁ@ur@@@fa&&tm!hnth@?é %esurmary,
e preterre rmao e ne e syste uter. 1 ntertace I N
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anong different The ¢ ter m ca ontaln i nf ormat i gn about
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based on nmperehef emapsd suippl thad, dphyacaberfse nyicldeviiverciseds Watdwp thige mapped
surface. Tslﬁﬁacle 'Ha&EaﬁIB& k08 confpldS sykerh ! 1R el r@l@:@ncl%sa&ﬁ bE rEﬁenfe&’ b bpp@plilONS Whi ch

are initiated rd%/ t he corrput er syst em on behal f oper ator I n response
to the opeFXingrdcdce; Renspdingrypemhhrerific fepleagptation, éh@f ’é%& ﬁﬁ%gces PAY b @eqdedf er r ed
form the ﬁﬁilja&gt&wﬁblﬁtaﬁfTﬁdﬁﬁédlﬁSucﬂla viakl @happd mehuqﬁdqodsn mé mappBsuffibaBitids an

| nteractiop .t NSt BAde Th{%?%]ar ede%E 00 erd s AL ARRLES %ﬂndcaﬁ mages
prlnted on ord nary paer eln erac V?
| nf or mat i ownipig néﬂ@e@edb@h featareh o thg enapesd vertace I@nd/\mclt hlfqnsams eﬁ@véteaﬁmvad I y

i nvi si bl e ga@dloh BapRRlAQAupIIREY, ﬁs\é@smg Bhee u2l mﬂbmwﬁaﬁed suBRE hhefekyiod he coded
data, can _be sen edﬁgtB$ opti cal i mag transm tted to the

n
net page sy&t&TicvF¢at qfﬁ‘é’ansr“@f%mamﬂfegéy Elﬁf%’ﬁtgf SYTRP MPERH T ks on
each page @ﬁmmbmn£Mm®h@ﬁemmﬁhrihemapenmhmemﬁmmésmmsnfornat|on fromthe

network or to si %aﬁi deFeS&PEo%HC% n%t?asgg gs?etxﬁ"’?eﬁl glf'ih‘éeﬁmdu&{%n o@e‘a]d%% gdi ment,

text witten by on a net tomatically recogni ze converted
to conput etpteractlon with, netpages. These are pages of text, graphics and images printed on ordinary paper, but

which work like interactive web pages. Information is encoded on each page using ink which is
substantially invisible io the unaided human eye. The ink, however, and thereby the coded data, can
be sensed by an optically imaging pen and transmitted to the netpage system.

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

As illustrated in Figure 1, a printed netpage 1 can represent a interactive form which can
be filled in by the user both physically, on the printed page, and “electronically”, via communication
between the pen and the netpage system. The example shows a “Request” form containing name and
address fields and a submit button. The neipage consists of graphic data 2 printed using visible ink,

and coded data 3 printed as a collection of tags 4 using invisible ink. The corresponding page
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text in the netpage system allowing forns to be filled in. In other

enbodi nents, signatures recorded on a netpage are automatically verified,
al l owi ng e-comerce transactions to be securely authorized. As illustrated
in Figure 1, a printed netpage 1 can represent a interactive form which can
be filled in by the user both physically, on the printed page, and
"electronically", via comunication between the pen and the netpage
system The exanple shows a "Request” §orm containing nane and address
fields and a submt button. The netpage consists of graphic data 2 printed
using visible ink, and coded data 3 printed as a collection of tags 4
using invisible ink. The correspondi ng page NPS038-SG 8 description 5,
stored on debeipetpaged nethawretkace dewok dsesbds e indiddual desshts ef Gerpeipage.dd t he

net page. |pyicRarit aeg&lbarthe quég,aﬁap%nt da&le)t &frag‘ch%{aéﬂacﬁweh@ﬁt @ kfHaalgone) of
each interactive elenment (i.e fie button 1n the exanple), to

al | ow t he HWétHady Sypledrp @&deerw@e&qswrﬂrf? é‘i’rﬁF‘B’tm‘FfﬁrﬁUt’P“WlathF ReragetTiBage. The
submi t  but dubtiit Guttdn0s, X aBEbR, hddas zdhe ZORBicH ciiftboRdsCOT e SAA AtehitOoft i€ Spati al
extent of %Qe Ilgrreﬁgqulng graphic 8. As illustrated in Figure 2, the

net page pef BT 428 %rred form of which is shown in Figures 8 and 9 and
described in nnréSdbﬂakﬂubﬁggmﬂ thpordgmed yen dOhjawprebied fprwiof ihich Wekquage pri nt er

601, an InLeLReHT §aRNEEHRE uﬂﬁdr@&e’taﬁgd@\pmoh@ﬂﬁ%njm{wn mr@gé biffer g1, mobi e
use. The pen is wireless and communjcates securely with the netp ag

printer vi %2 Igterapzspnegied pyintinepplimge; fyyhoge. offis %é‘t"b’éfg‘ée PP REfl® Yoigless ay
preferred &ﬂﬁﬂmammmhmahwﬁsmshmnmmnmmﬁ%qyﬂmmymgimmm1&89and described in nore

detai |l bel ow, i ST&bll]eglaée s Fl’ kéllea’pﬁa errc o%%?wklél 19 On d%%?‘r?gll teelgsoglal i zed

newspapers, magazine rochures an ations, " al
printed at dePﬂanHl qluaprﬁtd,szta&sbeiorﬂfntseﬁt&uq d@wﬁepm@e@y oumnl @ﬂeﬂa@ p’eqmelﬂacl

conputer, ﬁemepaﬁbest RAGLINR! badIRE, ur&h@& AR Q,thblaﬁﬁﬁcam cin ﬂ?ﬁi@d b@m%nf Qhility @xanpl e,
|

mall-nounted a acentﬂﬁﬁ an area where the norning rst onsuned
such as i n™§aciyg agiPages;finlikg apgrso °§P“p‘ﬁeft}’f“’e"§1?i’g§§f‘n‘?fésoal“épp gee phichycan be e
househol d' same, mtaﬂabumh@pé;acteutrte af @ta Hve: thkenylornihg navk $first colB®d, sack aaldl £t op,

deskt op, RRE&%QL&%@Q a%a%?sl HbIE, of GlaP 0 Asipenbias RRRGST dﬁuaﬂnﬁé ﬁgthghnegrt fiGhd Poi nt

of consunption corbine the easé-of-use of paper wt [ ness and
|nteractlWPEW¥ﬁ“%ﬁEﬂﬁ¥@?QQFPWémHE@ﬁm%WW@WShomn in Figure 2, the netpage

pen 101 interact srewg&rprﬁﬂa@am&qﬁmdﬁt@s@ﬁbnan bk &eeasa@ftnﬂ@@%aaer
cormunlcatesl via,a short H%’ [adlg link 9, the interaction to a net page
printer. em?ﬁ?%?%?wgﬁio afiysd i Per action to the rel evant net page

page server 10 f &5 shomber Piget at thonctpagnpendPp mbprcis it tiei coddrist aneesinted he page
server sengds,a Gk Emafagesnga TERR 248 bl BRM, thQ ﬂ&érée{‘on%’m}étﬁagé prinfP Thyer e

runni ng on a net page 'Tcation server 13. application server may in
turn send Rief é%]péﬁ‘iése‘h&ﬁ‘?t?f??“ims ‘9ptbp ﬁ%lﬁfaﬂtdﬁtpﬁaﬁepaéer PEichaR iftignipPIcHtiey o The
net page Sysb@phateScitmdndq s pdgy @ikt h @orE:Sdudiiy @8tagd 1 sbflRatioh eéuputee d
embodi rrentsoﬁware running on a netpage application server 13. The application server may in turn send a
response which is printed on the originating printer.

The netpage system is made considerably more convenient in the preferred embodiment
by being used in conjunction with high-speed microelectromechanical system (MEMS) based inkjet
(Memjet™) printers. In the preferred form of this technology, relatively high-speed and high-quality
printing is made more affordable to consumers. In its preferred form, a netpage publication has the
physical characteristics of a traditional newsmagazine, such as a set of letter-size glossy pages printed
in full color on both sides, bound together for easy navigation and comfortable handling,

The netpage printer exploits the growing availability of broadband Internet access. Cable
service is available to 95% of households in the United States, and cable modem service offering

broadband Internet access is already available to 20% of these. The netpage printer can also operate

with slower connections, but with longer delivery times and lower fmage quality. Indeed, the netpage
NPS038-3G



by being used in conjunction with high-speed m croel ectronmechani cal system
(MEMS) based inkjet (Memet[err]) printers. In the preferred formof this
technol ogy, relatively high-speed and high-quality printing is made nore
af fordable to consuners. In its preferred form a netpage publication has
the physical characteristics of a traditional newsmagazi ne, such as a set
of letter-size glossy pages printed in full color on both sides, bound
t oget her for easy navigation and confogtabl e handling. The netpage printer
exploits the grow ng availability of broadband Internet access. Cable
service is available to 95% of households in the United States, and cable
nodem service offering broadband Internet access is already available to
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Al t hough a net page printer iver periodicals such as the norning
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1 NETPAGE SYSTEM ARCHITECTURE

Each object model in the system is described using a Unified Modeling Language (1TML)
class diagram. A class diagram consists of a set of object classes connected by relationships, and two
kinds of relationships are of interest here: associations and generalizations. An association represents
some kind of relationship between objects, i.e. between instances of classes. A generalization relates
actual classes, and can be understood in the following way: if a class is thought of as the set of all
objects of that class, and class A is a generalization of class B, then B is simply a subset of A. The
UML does not directly support second-order modelling - i.e. classes of classes,

Each class is drawn as a rectangle labelled with the name of the class. It contains a list of

the attributes of the class, separated from the name by a horizontal line, and a list of the operations of
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t el ephone nunber or email address. 1 NETPAGE SYSTEM ARCHI TECTURE Each

obj ect nodel in the systemis described using a Unified Mdeling Language
(UML) class diagram A class diagramconsists of a set of object classes
connected by rel ationships, and two kinds of relationships are of interest
here: associ ations and generalizations. An association represents sone

kind of relationship between objects, i.e. between instances of classes. A
generalization relates actual classesg and can be understood in the
following way: if a class is thought of as the set of all objects of that

class, and class Ais a generalization of class B, then Bis sinply a
subset of AL The UM. does not directly support second-order nodelling -

i .e. classésclos chaasddom tkagtinbwtd B by a ordrmaliing &n e rless tagghewlidfelldsed Wit h
the name of,utRE o Erﬁg&mngvepgg&egédns alist of the attributes of the class,
separated from'the nane a horizontal line, and a list of the operations
of N PS038-SG mntaﬁ%cwe?nazé draw g8 g dinejomie FrogHAseh eptigpally japlledateither eng yatly

hori zont al thé inf@iplidith of i: £skodEGond TR B4R mlﬁhtyfleloh@w asREVEHP indicRpres at | ons
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associ at i o#lso ophenalipelabalibd atrrither jopd Wt';h thy rls ofgthe sorayporigig etasss R (obgn dlmlmd:at es a
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the rol e ot ChE"d8Fr espondi ng cl ass. An open di amond indicates an
aggregat| 0N assOQi Ridrdigation fehtighattig ¢Bla)),is &ieh dsa sdrdammjomngtmeciaaggrmai or end
of the  asg0g)@lGimlot B pertideREl AL LALEANLLEl ationship (1is-a") is drawn

as a solid e J.oi ning asses;y W an arrow (in the formof an open
triangle) at the“@ern@rlﬁ#ﬁlzgaﬁmlehrobandpmemp&d@g@%amc&@r@rPhn@uﬁmkdeﬁ up into

nul tiple déh@ﬁz[ HiPa daBRY oRhRSSall bt BB mhif ddkith WARE &findsSt. 1t SNAWRA WnlalriRdashed
outline |n but. %E@edmal n di agram which defines it. It is shown with

attribut es® o"fheﬂ‘i is defined. 1.1 NETPAGES Netpages are the
f oundati ont.don whNetragemet page network is built. They provide a paper- based

user Lnterface t Rephlal bo NESuhBSl a0 AR LOLEE AGUIL Rf BLALE SR Net PgE

consists of a prin sur region) inv gged W th
refer encesbaﬁf‘é“a@ﬁmﬁ*fi‘qeﬁ?e!’“ B@Fﬁf?ﬁﬂfﬂmﬁla’éﬁmtﬁfh@vwgées The online page

description is mai mpagen@,dm@%m §,§,@datﬂage (ob)bthar ﬁﬁﬁd@&%npﬁﬁﬁlb@%gged witH he page
description_descri beﬂ the vi.si g& t and ntent of Ea e,

i ncl udi ng TEXES §rAAFRINE SSgRET &8"3‘7’6 °‘5‘P%'E?g?j 8 ?%éssm*i“ﬁ*’énefi ﬁgieng’( ement s
on the page,a actpegewrdiersgrverhlitetpagesiesctigtipe désvrrhkst}le anlde lappudnd korgdntief . thehagret page

al | ows mar ﬁélﬂﬂﬁ tgﬁdﬁap\ﬁﬂcg &M&Epﬁgﬁo B&LBA b t1'1Eut elements on the page, including

butions, hyperlinks, and input fields. A netpage allows markings made with a netpage pen on its

surface to be simultaneously captured and processed by the neipage system.

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

Each reference to the page description is encoded in a printed tag. The tag identifies the
unique page on which it appears, and thereby indirectly identifies the page description. The tag also
identifies its own position on the page. Characteristics of the tags are described in more detail below.

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

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

netpage printer via a short-range radio link. Tags are sufficiently smail and densely arranged that the
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surface to be sinultaneously captured and processed by the netpage system
Mul tipl e netpages can share the sane page description. However, to allow

i nput through otherw se identical pages to be distinguished, each netpage
is assigned a unique page identifier. This page ID has sufficient
precision to distinguish between a very |arge nunber of netpages. Each
reference to the page description is encoded in a printed tag. The tag
identifies the wunique page on which iyf appears, and thereby indirectly
identifies the page description. The tag also identifies its own position
on the page. Characteristics of the tags are described in nore detail

bel ow. Tags are printed in infrared-absorptive ink on any substrate which
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|mage sensor with an appropri ate I's sensed y an area |mage
sensor in Wsﬁgﬁ%a@éﬂcﬁéwﬂ“aﬁﬂeﬂc?ﬁédP&lj‘kedaﬁc%l’aﬁ@“?ttlalarﬁ%‘r‘ﬁ pifacgdamage- t he net page
system vi a the nerd ffhagdfigpager Painfine fa. unTlhepergerinstaﬁceer Qib]e%ﬁnt@lnﬂetpage

comuni cat a vi.a dio link. Tags
are sut 1 cavie b Cotalfin SRR LB Mepli bl R AR b AP AR B e Lo
reliably |énrdgemadn¢1:emt one tag even on a single click on the page. It is
i mportant that thg BERnsHHRYH EEpd %J‘«‘f‘es&?% hp RO ROS bild @J‘lirfﬂ{éd ﬁéﬁ%rgé’

nte s are

interaction with the since t action is stateless

error-cor rigge 3.’5Wl@ﬁ%%&gapagamﬁ%e%mtaﬁeﬁﬁtﬂa‘ﬁﬂthu bty neBeg PaMEr T STt e
damage. Thadnfinpag Gie pagee Balwhefeqisdit.ai Ns a uni que page instance for each
printed nejpage, y ﬁl{sgﬂ&g it to maintain a distinct set of user-supplied
val ues for T nput F ds T'n the page description for each printed netpage.
The rel atibAdhi pTeePaledientent page description, the page instance, and the

printed net page 1 Spr&ERMorkeNeabH 1BLi0G ifes m@hggxﬂ%g%&ﬂﬁlpﬂ%emid%eml gted with
both the n page printer which printed it _and, if known, the netpage user

who r equest®fevfthin fhe seeigppagmayaiegonian %ﬁgi“"’f%lﬁdﬁ&Péheefﬁﬁ“éﬁf W’I‘%‘* A'YPeferred
form eachiag. aheiot aivkd fligelsits trlng, foegtammple] figriahi @l skdsing Ape@rs ,pravie féchiackt ocat i on

of that tag W r%n? L& LR maﬁtehE %t%gégﬁ?a}’e C%.la St m%ﬁ%f gml%}rlulc !hé‘ge%?}g“ il " €l ate

to the region as a or to the may, for
exanpl e, shagipgto referitey deseripgonny theasefon e nepagt kPR gL fqrém&cwumm%@é‘a@w/e of a

function a&&agﬁgmmgfb@mh@mi ate area of the tag, w thout the sensing
device having t fer to a descri tlon of the r net age pen nay,
for examie "2 | BuiB ok i e g  peb R Fish ZE HBAGE

hyper | i nk. eadily revpgnizebimvanion enclugarbicy aigx jpltiali deedioha@hdwhichi assiss ipm@ingzingible

embodi ment g gaeh. ,ad ﬁ%hﬁ}ﬂémﬁ&e olet%%he' SXHSIHESB&EE F2agk Br‘éélfaial?'&lte m%teﬁtH&t ure

which aids i1nitial detection, assists 1n mnimzing
page, and are sufficiently small and densely arranged that the pen can reliably image at least one tag

even on a single click on the page. It is important that the pen recognize the page ID and position on
every interaction with the page, since the interaction is stateless.

In a preferred embodiment, the region to which a tag refers coincides with an entire page,
and the region I encoded in the tag is therefore synonymous with the page ID of the page on which
the tag appears. In other embodiments, the region to which a tag refers can be an arbitrary subregion
of a page or other surface. For example, it can coincide with the zone of an interactive clement, in
which case the region TD can directly identify the interactive element.

Table 1. Tag data

Field Precision (bits)
Region ID 100
Tag ID 16
Flags 4
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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 inmage at |east one tag even on
a single click on the page. It is inportant that the pen recogni ze the page
I D and position on every interaction with the page, since the interaction
is stateless. In a preferred enbodi nent, the region to which a tag refers
coincides with an entire page, and thg region ID encoded in the tag is

t herefore synonynous with the page ID of the page on which the tag
appears. In other enbodi nents, the region to which a tag refers can be an
arbitrary subregion of a page or other surface. For exanple, it can

coi nci de Wrdth the zdmm of an intefactive elenment, in which case the region
1D can dirleetty—+dert+fy—theinterfactive elenent. Table 1. Tag data

Fi el dPreci sion (bits) Region I D100 Tag | D16 Fl ags NPS038-SG 12 [Total 120
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Tabl e 1. f 6- bi t
{20 1D supoar o Dk uE) AN b o8 SRRy 3 O up B aBie} Sl B0l s
can be maplféd sgevt indero daes W“f“ﬁc?ﬁ‘t ?ﬁe?Péég?WOP%Wﬁ@gt meyeasipe éhsﬂsa B sinply
by usi n_gI alkib&stdn@giplryaglmabamdg RBBS:. and Rgps 1ER-100-6it @64 M’hélb@ ﬁ?"l(qwi? 0?40 (. 103D
or a m n Ll ion |onsto e uni quely

i denti fi edmi?l %ﬂlﬁmﬁal Onl%:feée"f:'rr?% t‘%e“ﬁ%e éﬁ{lﬁl ts of tag data are
redundantIyZGncoE!lealengmang 15, 5) Reed- Sol onon code. This vyields 360
encoded bifs conghsihpg o@rag e SuLRORUREARy BloakPusfhs U, S YIRALAnEACK T%:@e (15.

5) code allows up t errors be correc e codewor

is toler an¥131‘3§f36%1°’§9"r?{%8‘f‘3 C@?stmg of éf@ewrdmliﬁbﬂ Yhgiheeh. ngdé%é? gpde lowh 4. blt
synbol is ﬁp&@ﬁ@ﬁﬂj‘di &@fdrsi t0 bAcompakidipad doflevRAINES. & i toldfat of NsytnBE etréxGate aNG t& he
synbol s of33(yt e e‘mr(;‘[:)odewords are interleaved spatially within the tag.
This ensures ¥ha urst error (an error affecting multiple spatially
adj acent bits) dérhded sanbal infepmaventedini eratigly cehpretiotag indhedngahrd tizprspntgls ofi ni mum

nunber of gy gbeldewir e@mﬁteﬁaeedcsgﬁsﬂmﬁm fhbus. m@ng&e% 'tlﬂga b€ elbe&l dcapod that

the burst error can be fully corrected. 1.2.3 Ph%5| cal Tag Structure
affecting mmlitiple spatlally adjacent bits) damages a m1mmum number of Symbols overall and a

minimizm number of symbols in any one codeword, thus maximising the likelihood that the burst error
can be fully corrected.
1.2.3 Physical Tag Structure

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

To achicve proper tag reproduction, the tag is rendered at a resolution of 256x256 dots.
When printed at 1600 dots per inch this yields a tag with a diameter of about 4 mm. At this resolution
the tag is designed to be surrounded by a “quiet area” of radius 16 dots. Since the quiet area is also
contributed by adjacent tags, it only adds 16 dots to the effective diameter of the tag.

The tag includes six target structures: a detection ring 15; an orientation axis target 16; and
four perspective targets 17.

The detection ring 15 allows the sensing device to initially detect the tag 4. The ring is
easy to detect because it is rotationally invariant and because a simple correction of its aspect ratio
removes most of the effects of perspective distortion. The orientation axis 16 allows the sensing
device to determine the approximate planar orientation of the tag due to the yaw of the sensor. The
orientation axis is skewed to yield a unique orientation. The four perspeciive targets 17 allow the

sensing device to infer an accurate two-dimensional perspective transform of the tag and hence an
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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-dinensional 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
resol ution of 256x256 dots. Wien pringed at 1600 dots per inch this yields
atag with a diameter of about 4 mMm At this resolution the tag is
designed to be surrounded by a "quiet area"” of radius 16 dots. Since the
quiet area is also contributed by adjacent tags, it only adds 16 dots to
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ring 15, té}hﬁﬂfi‘ﬁ&eﬁsa@o 14 LG4k QJP;%%FJ AR0ENMRAea%hndRbAnNA ﬁm‘{%ﬁ Lid o f :t’)le tag

opti mal . own_in t]?ure O maximse its size, dat a
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Each wedge 510 h ni mim i

sion. of 8 dots at i S
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this m ni yahldiftesaieondewdide radi al hei ght of the wedge 510 is al ways equal

to the m ni mum difBRasiQhport @ﬁ:&fé cﬂckbhkrag@h%tﬁy b reébn 61@9&%&@%@& &y an
array 518 of 2x2 wedges g , best shown in (gure . 15 4-bit data

synmbol s of SeEsigKlevite ”E‘ﬁ@eé‘l’]ﬁ ‘%%%I@\)\iﬁ?tﬁgc figs tag ip gRfldef ey ‘t“H@‘“de’ﬁ‘Fm &Heentric
synbol ri nggionl&at wiat dBelatios hmmsmdﬂed:ﬂ'gm@uﬁ didnfatet ¢TiiRFkId afed dfashRéwding as shown

in Fi gur esdev%eltsgleét% eaﬁ%!tq(g%l't%{e (IJzean(i gc&n oPthe':stla)gth codewords 520-525 are
al | ocated alternatel y Inci rcul F IgeSSI on around the tag. The

interleaving is é@s@@ﬂ@c@@‘éﬂﬁwﬁm%éﬁmﬂ@mﬂvéﬁa’g@ ofpht peador dipld oA mew ibet ween
any two syyERRh &he@fthettﬁgar§ﬁlmm(‘a(égﬁfﬁ\@x%ﬂﬁangular grid, as shown in Figure 6.

1.2.4 Tag Image Processing and Decoding

The tag image processing and decoding performed by a sensing device such as the netpage
pen is shown in Figure 7. While a captured image is being acquired from the image sensor, the
dynamic range of the image is determined (at 20). The center of the range is then chosen as the binary
threshold for the image 21. The image is then thresholded and segmented into connected pixe! regions
(i.e. shapes 23) (at 22). Shapes which are toc small to represent tag target structures are discarded.
The size and centroid of each shape is also computed.

Binary shape moments 25 are then computed (at 24) for each shape, and these provide the
basis for subsequently locating target structures. Central shape moments are by their nature invariant
of position, and can be easily made invariant of scale, aspect ratio and rotation,

The ring target structure 15 is the first to be located (at 26). A ring has the advantage of

being very well behaved when perspective-distorted. Matching proceeds by aspect-normalizing and
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In order to support "single-click"” interaction with a tagged region via a
sensi ng device, the sensing device nust be able to see at |east one entire
tag inits field of viewno matter where in the region or at what
orientation it is positioned. The required dianeter 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 m nimum di aneter of the sensor
field of viewis obtained when the tggs are tiled on a equilateral
triangular grid, as showmn in Figure 6. 1.2.4 Tag | nage Processing and
Decodi ng The tag i mage processing and decodi ng perforned by a sensing

devi ce such as the netpage pen is shown in Figure 7. Wiile a captured

i mge i s beitg-rasgliiigedch shaa’s domertdroge its efa@dfordet Ihﬁnen'dyill%alniiirﬁlﬂeﬁfhgﬁng)f t he
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target structures ocat e Stimates of
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rotation of th 855. Mat chi ng proceeds by applying the

Cross-rererenc

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

Once all 360 data bits 37 have been obtained in this way, each of the six 60-bit Reed-
Solomon codewords is decoded (at 38) to yield 20 decoded bits 39, or 120 decoded bits in total. Note
that the codeword symbols are sampled in codeword order, so that codewords are implicitly de-
interleaved during the sampling process.

The ring target 15 is only sought in a subarea of the image whose relationship to the image
guarantees that the ring, if found, is part of a complete tag. If a complete tag is not found and

successfully decoded, then no pen position is recorded for the cument frame. Given adequate
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ring's normalizations to each shape's nonents. Once their second-order
nonments are nornalized the circular perspective targets are easy to
recogni ze, and the target closest to each estinmated position is taken as a
mat ch. 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 ei ght-degree-of- freedom perspective transform33 is
inferred (at 32) based on solving the ell-understood equations relating
the four tag-space and i mage-space point pairs (see Heckbert, P.,
Fundanmental s of Texture Mapping and | mage Warping, Masters Thesis, Dept.
of EECS, U. of California at Berkeley, Technical Report No. UCB/ CSD

89/ 516, JumerekBDBPpwdrhmed ddeityen h@-mhimahfichofavier e en pltdnpger pPorat @by
cross-ref eLanee ) mel A inl i arhaH.J.20- Space to i mge-space perspective
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map, a function maps each tag IDin a tagged region to a
correspondl-#§ | of2ggiRghSchemest ag map cl ass

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

A location-indicating tag contains a tag ID which, when translated through the tag map
associated with the tagged region, yiclds a unique tag location within the region. The tag-relative
location of the pen is added to this tag location to yield the location of the pen within the region. This
in turn is used to determine the location of the pen relative to a user interface element in the page
description associated with the region. Not only is the user interface element itself identified, but a
location relative to the user interface element is identified. Location-indicating tags therefore trivially
support the capture of an absoluie pen path in the zone of a particular user interface element,

An object-indicating tag contains a tag ID which directly identifies a user interface
element in the page description associated with the region. All the tags in the zone of the user

interface element identify the user interface element, making them all identical and therefore
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diagramis shown in Figure 22, as part of the netpage printer class
diagram A tag map reflects the schene used to tile the surface region with
tags, and this can vary according to surface type. Wen multiple tagged
regions share the sane tiling schenme and the sane tag nunbering schene,
they can also share the sane tag map. The tag map for a regi on nust be
retrievable via the region ID. Thus, given a region ID, a tag ID and a pen
transform the tag map can be retrievgg, the tag I D can be translated into
an absolute tag location within the region, and the tag-relative pen

| ocation can be added to the tag location to yield an absolute pen

| ocation within the region. 1.2.6 Taggi ng Schenmes Two di stinct surface

codi ng sc hietreogushebleo Dbjeritiglicesiz  tagh @b InotptherafareC fupprstethd brptuteady ag tabsuinte e
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"l ocation-1ndicatin rea I scussed | ternative codi ng
schene use%eqbelﬂfye?f‘fjeeg%ﬂﬂ%aﬂ[‘q il &= (b tag%ﬂ'&?&%’t ] rﬁhSPlﬁ‘mnénétﬁioﬁgont’ &Fre8veni ns a
tag ID vvhi@bzﬁomelen&(fﬁmﬂa&tradcmeah@ialgﬁmyaa@mﬁ&p associated with the
tagged region, yields a u cation within The
tag-relative | otStPons E’fgﬂﬁav%l |°§ ?ﬂiaédagt%a“f]?ﬂgg’ Q{Eg tggéeﬁ"l“@ﬁh’f’ﬁs yi el d
the | ocat i@ﬁneﬂﬁn E88. panwardiabdnhpokifien saeglés@hand PR, 6ne ofEQBmmd EQstousieighld o

determ ne the |ogatlon, of J?lgns@lglalaa%ﬁgt%l%%EUOn%np de%'lﬁeaoutﬁ(gﬁ rface el ement in

t he page description”ass ocl at is the user
interface el emenbingetE4¥contehding ER38he %Wtﬂpfamtﬂab@dﬂﬁ%w @éIEQt‘iﬂ\heldmstbhe user

interface igloatRAbd thSchbBEiD ikt foRUnanlbRE&k  0Qattdn di Catl ng tags therefore
trivially suppoﬁﬁ%he capture q bsol ut in the zone of a

pat h
particul ar user Pfafon “é %?Fﬁﬁ{’ Sh"ﬂ(ﬁ%’é‘bfa@:? i Fé’éﬁ ‘%“‘i’f@”‘f’% sbhehiths a tag
| D whi ch dHamgle pbsjtioh:d#8atwhich egtisty K 8. Hossibdy 51%958466f&hms‘afnplb I‘posﬁth)ﬁs q&agleo
descriptio i i r-eqi on, t 0 t he
user int e@?‘%giggll%h%ﬁ?nﬁ@gﬁésgﬁﬁfi & ULEr e m Oa%egneé{ E'l tﬁe 91 ki ng t hem
al | i dent ifewd a sample pdsitipetp the alias NPBO@@«%@@EJI@SIhMKmdShgw shabl e.

Coj ect -i ndi cati ng ﬂ&e@%ﬁwa%en@&txﬁls%f?%xﬁ,fag’&ﬁcussa?&ﬂl%&[]& &é&‘%hecs%ﬂﬁlﬂg Gaden

absolute pen path owever ort the capture of a relative pen
path. So |%ergsts lesﬁbanﬁéém Hiiheserppotal wglphqgrﬁéw@meww@%e ecdgiredforascurdie

encount er eindvd@ind RGHRACHen thelpen Qbeﬁl&lu@%@féﬁ%anﬁf%@ﬂ%atﬁﬁm fRd pen position
to the next wthj a. troke can be una uousl y determ ned. Assune a

sanpl i ng wavel engpth er)&gg‘%(ﬁiﬁ ‘glﬂ %}F’er%*lan Wi asogateh Vsl onshi p
as def i nedknients BIQhSM:tpagaoas usev\ute&d]nace&mbnmomata Ger caniplaasviRithearitglediiagg , one of
EQ 39 and SUITL he
relations hLF‘% de?’p}%r?lé tJEQAsQE)de‘&.% S neg g)r E%tdgﬁ%%gﬁ%a!ri g%;élce:t gi"%cg ggedaid foffad
assunpt i. orFPPFRIRIBRIPWECP T FRY TELY WPaFSHFust be i ncorrect, and t he

choi ce is theref poeuminpiid RdEBEscRGioR at ed. The illustration in Figure 60

shows four tags gopgefe?rg&i em o%meent%lf ”%Qc%&eonq %Illd Igég gelécenpt?c]:n c?ass diagram is shown in
Figures 25 and 26.

In the netpage system a document is described at three levels. At the most abstract level
the document 836 has a hierarchical structure whose terminal elements 839 are associated with
content objects 840 such as text objects, text style objects, image objects, etc, Once the document is
printed on a printer with a particular page size and according to a particular user’s scale factor
preference, the document is paginated and otherwise formatted. Formatted terminal elements 835 will
in some cases be associated with content objects which are different from those associated with their
corresponding terminal elements, particularly where the content objects are style-related. Each printed
instance of a document and page is also described separately, to allow input captured through a
particular page instance 830 to be recorded separately from input captured through other instances of

the same page description.
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sanpl e positions 582 which satisfy EQ 38. Possible aliases 584 of the

sanpl e positions are also shown. Frominspection, if the distance from one
sanpl e position to the next is Xs, then the distance froma sanple
position to the alias of the next sanple position exceeds [err]s. If the
tag wavelength XT is 4.7 mm as discussed in earlier, then the sanpling
wavel ength ks nust be less than 2.35 mm If the tenporal sanpling
frequency is 100 Hz as required for aggurate handwiting recognition, then
the pen speed nmust be less than 235 mmis to satisfy EQ 38. Wth either
taggi ng schene, the tags function in cooperation with associ ated vi sual

el ements on the netpage as user interactive elenents in that a user can
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obj ects, i PRGERREH St Gl Grmaltdd GEmbnRCIEHREY BB Eadh SormPHiek Uefith: QR aaspgﬁa& nt er
with a particul ar page size and according to a particular user scal e

factor — pr@BrEmes 58 Phie areuthin o bparruted mafdaeierd agémeﬁaﬂlﬁm ed.
Formatt ed g fidl@sal el ements 835 will in sone cases be assom at ed vmth

cont ent Obj ects WHOCh ex?t etar(ilt:lefE%%lego%Qst ofdg t%g]fgrgoéeg aéﬁr%% % conm ts -:r)} atse
correspondi ng term nal el R AT T

e
e COnt ent 0131 ect s are
st yl e-r el anagdlinst@aestB3prenghtaf evhich Wﬂ’ﬂ%‘b tof page d@ermnvmi Ofahﬁjfomg@i dognnghts 0

descri bed BEPMz@nRiMe sshqes@ﬁﬂepy\énigmuﬁumﬁ&yﬁeﬁﬂget NERAYGH d e ;QQJ i k@L page
i nstance 830 to,be record Pa'éggar‘f from.input captured t hrough ot her

i nst ances P?e% Hg2sg é{’ﬁtén"ﬁéfd‘ét Bﬂeﬁtﬁ“mﬂﬁg!%fd?%ﬁ@@tsl"fom apregEgyieted of the

nost abst riasvlaglecunent descri ption on the page server allows a user to

quest 2,00y O AnRGHIELd: D br BELAPLRLCRELOBERFRE LG GOUT OO
f& m‘?ﬂ]rough a

docunent's specific fo requesting a copy
printer wil is@ifftrecrenmstipggwediicigfornpgm. “é‘%aﬁrbyv@rlmk igpmgeaxisis fioy a hypiedinlpr esence
of the foraadchiemt-AQCRils JdemetiRties mﬂ@@e@@% iRGaMShstabd, aWS, Edke page

server to efficiently t user t on articular printed page.
A formatt et m&&cﬂf‘?‘g A aéjl’ig’ %5 "i%t%gcla'ése 8fre°81 %‘é"t’“t WCIE%Pﬁ%tHa@d“%&eAggg’ﬁ‘?“f ptions
5, each ofinstanty dobs noonsi, Bivevenfforatateedeneiits fuch aveeixtileds. t er m nal el enent s 835

Each formatted eheuppl; eﬂﬁém%ansﬁeadtstaaé cleri{ 91 lgr{xerlﬁ‘ﬁ"éﬁméﬁ 881 0§ e This
defines the active area of input el ements such hyper i hks an |nput
fields. 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 associaied 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
850 with an associated graphic object 857, a video clip element 851 with an associated video clip
object 858, an audio clip element 852 with an associated audio clip object 859, or a script element
853 with an associated script object 860, as shown in Figure 28,

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

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

In a preferred embodiment, a netpage network consists of a distributed set of netpage page
servers 10, nefpage registration servers 11, netpage ID servers 12, netpage application servers 13,

netpage publication servers 14, and netpage printers 601 connected via a network 19 such as the
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A docunent instance 831 corresponds to a formatted docunent 834. It
consists of a set of page instances 830, each of which corresponds to a
page description 5 of the fornmatted docunent. Each page instance 830
describes a single unique printed netpage 1, and records the page I D 50 of
the netpage. A page instance is not part of a docunent instance if it
represents a copy of a page requested in isolation. A page instance
consists of a set of term nal elenent jgnstances 832. An el enent instance
only exists if it records instance-specific information. Thus, a hyperlink
i nstance exists for a hyperlink elenent because it records a transaction
I D 55 which is specific to the page instance, and a field instance exists
for a fiel Weakemsmveligus®e it records input specific to the page instance.

An el ement inst &ﬂg&tﬁg%glﬁ%n%étu isPAQE% Shhich kddbrdsSicBidnShi éﬁlbgtwgeﬂtu&-rss uch as
textflows. A termnal_ elenent can be a static el enent 84 [ink

hype
el enent 84RFPS: Rriftpry| @Plispiopid Publisaiiopy and Wershy awibprzey VasgRnASATkeACKTRSRL 846, as
shown in FaugﬁﬁtEataﬂusenAaﬁd adid & ekigdi®NroB4ch Bdilf bR athenithtyd GseRliRABIItati847 W t h
an associ a tyle ct 85 a textf.l ow eI th _an assom at ed
o T ea r bbbl 1B kS B SR o BLEHP R Pl M a P Ra0
el enent S%Wealogpmmewtelﬁmrma@s@bw e descrinians endapagecinytpnegs Hibe n@tqgect 857,

a video cljcpysal RIRIS an g%aa $DaRNerdSs Ofh Brhn@ifhg ¥ kSR ofdabdlnstARE 8Gke 88 aN
audio clip eleqent 85 an associated audio clip object 859, or a

scri pt el effEfit? SOGRIIRH}S Mper Eﬂ“"é(%‘%eé(f‘?réf‘%‘d’a%"d?sfaﬁ‘fe ‘8’61‘%?}‘?11 ?6’6‘13338?“@%% in

Fi gur e 28. nchagaigmt idirgti@mnc e Iamopaatb@ﬁgeg;m@unnhefpa@d €80 BitevididtC oy i sSchlisge t O
record anyreg{ngltét?(]:delséplth%gﬂ ﬁ};rgsg e page which does not apply to a
speci fic input el enen ed formof the invention, a tag map
811 i s associ at e ieess Ehwepééeﬂqcﬁsst dogeeent {3y Pm@@m&ggﬂ@nmt’lﬁﬁé lpdge to be

t rans| at edpalafdifk Jr P8 tdrRRSiaAI AMBcaRShemd.. 4 THE NETPAC;E NETWORK | n a
preferred enbodi a_.net page. net wor k co di strjbuted set of
net page page F@‘Pige Wterﬁg“fgl S Jeemiek J%’F?W‘*élt P’\fgﬁg TfMIlﬁref"ﬁ%? °1D
servers 12 neqzegepfa@emép pita hadeivark sldress of Be kdage pla@tslaagamﬂhﬂgl theg-atréspmdiger ver s
14, and nelgag 2080y i nters 601 connected via a network 19 such as the
NPS038- SG 18 Internet, as shown in Figure 3. The netpage registration
server 11 is a s&rgatee applicon Ewedds asEvamhishhoss Jerstitoneipige aplivagons. Aens,
printers, @mel paatchtmﬂ&r&nm i tkbdpbafidn QASer wBRKl pUbhidiEEHipagd UbAIBEZB Serdold | OUS
network activ e Loapalit henticates users and acts as a signing proxy on
behal f of AUt ﬁehtY fl atsere™ih Application transactions. It also
provi des handw i Netpgge reevegnat ibsnhasted \ancesvarighs ofl @stroikb exdver tpbitferms afrmvet page

page  ser Vg hQuRiddh AlBS, BENGHLERAL ad @&rPMEIEFIE Qapag@whs %9& cgn%ﬁé;ernh;pt I ons
and page instances. The net page net wor k i ncludes an

age
servers, eRchekur #d aé‘“%]ﬁ B%E‘?f cagbe FisgRutrheehtEder of; ?Fé*es%“eﬁ’ég'é Lo

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,
1.5 THE NETPAGE PRINTER

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

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

The netpage printer receives subscribed netpage documenis from netpage publication
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server al so maintains user input values for each page instance, clients
such as netpage printers send netpage input directly to the appropriate
page server. The page server interprets any such input relative to the
description of the correspondi ng page. A netpage ID server 12 allocates
docunent IDs 51 on demand, and provides | oad- bal ancing of page servers via
its ID allocation schene. A netpage printer uses the Internet Distributed
Name System (DNS), or similar, to resqhve a netpage page ID 50 into the
net wor k address of the netpage page server handling the corresponding page
i nstance. A netpage application server 13 is a server which hosts
interactive netpage applications. A netpage publication server 14 is an
appl i cat i owrvere 4 Eachwihdugnt prdistribstes twejapa gie pekedaynes tisl thegictng tqpegé imaps | Nt er s.
They are d i I il i - 4 . osted on
2 var ety e e epRag B Bl baRE R b bRE B L AR A% o

Hew et t - PaieRtigpler, subseriberSind so a4 Piftgsptdo e sybargiber s @it vér thagpriopfipteddgrcePfent |y on
a singl e hnst andafske Abisdd) Gh e SBEMBAA, GRIYPRBIEILSES WIIEERE s¥Biberd shUIEDLE  Of
hosts. Sone .or alh ﬁI he .func%ionalit§ Erovided by net page servers, and
in parti cuPaveY KSIATREPTD REFFT §PI S SRR REE° BYF° ¥F€™1 D “server and the page
server, can al soTlengymgypubictich sceet bptimizes &e vegnpatgten ay @biuapg eogent intas a
Netpage  Rloiha apdl dhidadkOMRU GlivHRTHE SRl RY o Qbcullbhed phi@GBbudl GBI, 1.5 THE

NETPAGE PRI NTER The netpage printér 601 1s an appliance which i's registered
with the neppayechaypliceth iy ©© ¥Pit s net page documents on demand and via
subscription. EaORcephd Pl hafecdvetd MheCdo@iplete | pafeClayokits a0@ objectNdllati Bfukomyect ed to
t he net page net&pgk v!gdp.netwgr§ sucp as the Internet, ideally via a

br oadband “CBHRECT B ASAH " oI "tent i ty and security settings in
non-vol ati | e nendheprinthesieresgad)eringy ddA ek evercagds aimulangayslp ex kitlssiden pf ¢ or age.
As far as @edS®colisinsCRPREUNGHL engddCoRRHINO Ko iy PJ{{{% HEEP Yifling: MNgEPAROES
function interactively across space and tinme with the help of the

di stri but efinteadpydoriywre®r vers 10, independently of particul ar netpage
printers. The netrRa@RRIProtks® okt 6f W FedbffkaiGabddSdstdiiRdtpm gepagloditipitng f rom
netpage publcall on. NER038: 30 A0 SRE ek Sudid o ACH RCUIRRLALS i stri buted
in tw part’sTHRE" fade ?3yoﬁ¥s, B RSP NG i Trege . ob) ect s

whi ch popultafad DRBs PagmmningBe paakd Tk dopleed malti sagtd ontrolagensisaylowstemar e
typically SREGHE bkicH Qpdd, dRY: hldGHheRhge SHRSGH tR®ime ADENSA-RA Wan RO bflt6asdr 10 the
subscriber's printer via the appropriate page server. Text and i mge

obj ects, ofeRiEeadt Rle PHYRE S e typical |y shared with other subscribers,
and so are nul t PEAGH not enaliltd forIBpSAnE B the ofifoh RipeinSagd NdhetiRa@bsappvedpek at e page
servers.

ink, although this restricts tags to otherwise empty areas 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
tag map 811 which describes the tag tiling scheme actually used to print 2 document becomes
associated with that document so that the document’s tags can be correctly interpreted.

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

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

1.5.1 Memjet™ Printheads

The netpage system can operate using printers made with a wide range of digital printing

technologies, including thermal inkjet, piezoelectric inkjet, laser electrophotographic, and others.

However, for wide consnmer acceptance, it is desirable that a netpage printer have the following
NPS038-SG



The net page publication server optimzes the segnentation of docunent
content into pointcasts and nulticasts. After receiving the pointcast of a
docunent's page | ayouts, the printer knows which nmulticasts, if any, to
listen to. Once the printer has received the conpl ete page | ayouts and
objects that define the docunment to be printed, it can print the docunent.
The printer rasterizes and prints odd and even pages simultaneously on both
sides of the sheet. It contains dupleged print engine controllers 760 and
print engines utilizing MenjetTm printheads 350 for this purpose. The
printing process consists of two decoupl ed stages: rasterization of page
descriptions, and expansion and printing of page inmages. The raster inage
processor ¢{MRafrisgonsi sts of one or nore standard DSPs 757 running in
paral l el . The dupl.exash R BPgide controllers consist of custom
processors whi ch expand, dither and print page inmages in real tine,
synchroni zed wi t ek palithisePaRticen of the printheads in the print engines.
Printers not enahbiedidbmty | R printing have the option to print tags using

| R-absorptive blgck.tinks,t al though this restricts tags to otherw se enpty
areas of the pag€ PAI'Tidlgh such pages have nmore linited functionality
than I R-prtnted pagésestt hey are still classed as netpages. A nornmal netpage

printer prints NELRAYESsON sheets of paper. Mdre specialised netpage
printers may print onto nore specialised surfaces, such as gl obes. Each
printer support ssiEple pREME one surface type, and supports at |east one tag
tiling schene, amghh@agpidiag map, for each surface type. The tag map 8 11
whi ch descri bes @ e I%% tiling scheme actually used to print a docunent
becones associ at eF W EPThat docunment so that the document's tags can be
correctly tnter psimtlecoustdoghlirsaic®prbimans t he net page printer class di agram
reflecting. printgriekahgds nformation maintained by a registration server
| 1 on the netpage network. A preferred enbodi nent of the netpage printer
is described in GFENEFFEREM in Section 6 below, with reference to
Figures | | to 16 cdmberclaliveniileldpantink tblinolinaagds:r e chekRage. syst em can

oper at e using pr Ll'ntex? liJISe tgrfa)'lgguct%ntot}.pa tg}ﬁs gm%h {hg'sré%ﬁar%teriq{cg It}}e?f)lr S&Blg Ipq) ilaglghas
t echnol ogi es, i ncluding thernal |ﬁ%jet, prrezoe ectrrc |ﬁk1e?, aser

el ect r opholwgted phawrpringeptinadazheefgred tode Wemist™ tflgplog. Nemish snep-cadaespd ance, it
| S desir ablged B@holdky MR RRGGorREs! fAESauh Brfheldd GatkiSdidaOitnd thidNRROR BrethiGP
char act et i SL1 ¢St 2053 M BY2hi s SRLT iRl Tehd 300 e G 1Y tex
printing S gy. Figur gle printing y
printhead. The netpage wallprinter incorporates 168960 printing elements 300 to form a 1600 dpi
pagewidth duplex printer. This printer simultaneously prints cyan, magenta, yellow, black, and
infrared inks as well as paper conditioner and ink fixative.
The printing element 300 is approximately 110 microns long by 32 microns wide. Arrays
of these printing clements are formed on a silicon substrate 301 that incorporates CMOS logic, data
transfer, timing, and drive circuits {not shown).
Major clements of the printing element 300 are the nozzle 302, the nozzle rim 303, the
nozzle chamber 304, the fluidic seal 305, the ink channel rim 306, the lever arm 307, the active
actuator beam pair 308, the passive actuator beam pair 309, the active actuator anchor 310, the
passive actuator anchor 311, and the ink inlet 312.
The active actuator beam pair 308 is mechanically joined to the passive actuator beam pair
309 at the join 319. Both beams pairs are anchored at their respective anchor points 310 and 311, The
combination of elements 308, 309, 310, 311, and 319 form a cantilevered electrothermal bend
actuator 320,
Figure 18 shows a small part of an array of printing elements 300, including a cross

section 315 of a printing element 300. The cross section 315 is shown without ink, to clearly show the
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high reliability | ow printer cost | ow i nk cost | ow paper cost sinple
operation nearly silent printing hi gh printing speed sinultaneous
doubl e sided printing conpact formfactor |ow power consunption No
comercially 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

t echnol ogy, referred to as Menjet[errl, technol ogy. Menjet[err] is a

dr op- on-denmand i nkjet technol ogy that |ncorporates pagew dt h print heads
fabricated using m croel ectromechani cal systens (MEMS) technol ogy. Figure
17 shows a single printing elenent 300 of a Memet printhead. The netpage
wal | pri nt eink inlc02 parpats@shrdGBAE Bliqon vared 309 elenents 300 to forma 1600 dp
pagew dt h dupl ex i o Dl n, . magent a,
yel | ow, bl ack, aﬁg&%ﬂﬁﬁéé?%y&ﬁﬁggjgég&g a%§?§%%n one$M§% " i nk
fixative. 3ffe printing el ement 300 is apprOX|nater 110 nlcrons | ong by 32
mcrons wde. Ar F@a&sw(gfsh&»b@ﬁqmmnnﬁdsml ﬁlt&memsﬁa &16fpRbA B iR & i | 1 con
substrate(% |ncg rates CMOS | o data _ transfer g{irrin , and
drive cir iM% THdIER em?e nogRly G i’°§ BP0 3 e S R 3 ® 300 are
t he nozzIdmaaggﬂBWEMnmdm%mwmﬁmmﬁﬂedmmhmmMnmzm¢mkdhmmhewﬂmﬂ4 the fluidic
seal 305, the inkGhaaRE! hd MG cﬁ&B@ drEMES dlémme%%ﬁ éonleth@%mt BgindC1 AL OF

beam pair 308, the passive actuator beam pair e active actuator
anchor 31contolier to ]@as@ie%m&@g elert laﬁ’ﬁ‘?f‘ﬁlﬁ’rda‘@laﬁd buffig the e fordkiva the dctralen  The

active ac:)ambﬂﬁe Qﬂ%ﬁcﬂ&bﬂ’beﬁﬁ)ﬁm B8 MBGNaREGA cledtrijaDivAed tdﬁssttiilﬁugﬂ&fé%haﬁﬁ g
act uat or ea at t ejO 'S are a ore at
P o Ot TR PO Beon P rirhon g T A R TR e s UG o o
308, 309, ®@01 oulg hehtinggawbes3Hctbefing pain 398 Gegapantl.Asalregdssiet aokioDlche privil? vend

act uator 324, kiq9ddnBe kfans h@éﬁﬁmémsargﬂjeés in%feEce%tw@éﬂ tRY 8 YeaRf pa9£ ik ks el ement s
300, including a cross section of printing el ement 300. The cross

section 318fracssiipialy rbiad by r‘ﬂ? Ca{“&ﬂ"&‘F‘éaﬁ“"l 9 et Pﬂl}f*émallx‘lpsbs@ags M ink
i nl et 312 Helade (A5G @ sibrAL00N0 The Rve kin 300 Frans@fisakis @6kment 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 to
bulge. The nozzle rim 303 prevents the ink meniscus 316 from spreading across the surface of the
nozzle chamber 304.

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

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

To protect the fragile surface of the printhead during operation, a nozzle guard wafer 330 is
attached to the printhead substrate 301. For each nozzle 302 there is a corresponding nozzle guard
hole 331 through which the ink droplets are fired. To prevent the nozzle guard holes 331 from
becoming blocked by paper fibers or other debris, filtered air is pumped through the air inlets 332 and
out of the nozzle guard holes during printing. To prevent ink 321 from drying, the nozzle guard is
sealed while the printer is idle.
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Figures 19(a), 19(b) and 19(c) show the operating cycle of a Menjet[err]
printing el ement 300, Figure 19(a) shows the qui escent position of the ink
meni scus 316 prior to printing an ink droplet. Ink is retained in the
nozzl e chanber by surface tension at the ink neniscus 316 and at the
fluidic seal 305 fornmed between the nozzle chanber 304 and the ink channel
rim306. Wiile printing, the printhead CMOS circuitry distributes data from
the print engine controller to the correct printing elenment, |atches the
data, and buffers the data to drive the electrodes 318 of the active
actuator beam pair 308. This causes an electrical current to pass through
the beam pair 308 for about one m crosecond, resulting in Joul e heating.
The tenperhbure TheNetpagePeasulting from Joul e heating causes the beam pair
308 to expand. Agpd ﬂgveps@éﬁlg U&iRoE H’l@h&gﬁagub%@h chal?hgg Fénslop%hlch hﬁﬁ& ﬁg It

does not expand, resulting in a stress di'fference ween the two beam
pairs. Thi®® §‘idr~%g°§tr°1m %3r4errs @ble b0 Gepiurp and; desdp (R posidign peyfragy pase Vi ahieBever ed
end of di esembeThy idbRedi®lis DoOdstRE fdint providdGrith Be fgiopgatd ﬁmatro@&nﬁth@sﬁy bstrate

3 0 1. The,lever arm 307 transmn S npv t. to,the nozzl |l e chanber
304. The nct)ziglly e Cl aﬁfﬁgk"’ 2 Eﬂg rm‘&séées%ttbed Wo gem%low sTf PR 3 oestlotsf3 0h shown
i n Fi gur e WSt e nibTi insconfagy itk ghe swrfapdy @nd thkpqgrlse@éft}peensef togsat ﬂgﬁqrmt B21o out of

the nozzl e,30R huAd etz stf&@o%ﬁkrg&%m%oﬁ;@rfgs% ﬂkbh%onéﬁpﬁr gggzle rim

303 prevents the ink neniscus 316 from spread |nqﬁacross he surface of the
nozzl e chaftbB® BeOPAS “dEreles e & B prng i Yr4PsthapEtes AEbaD 9
equal i zes,smhﬂnmtdi@gtﬁafdaaa%feaieunmtﬁe {fiowin] Sage gnrmtgb nal position. This aids in

the brealc of f of thigecfl i OBLSlec i Tl LOMDELIKRL LRl NAGIORELE

chanber, as shown in ure Psorer
action of Hes 8aptmekng %ﬂ@r Elr? ingy ﬁeechéwey@fu@; nstlrsceswqu@mz @hesmws a

segnent of sy@endbd NbHORG s% sie a@-wﬂb%tllpi@gﬁd RS A in@inet ihehi@icd. SRG Rk pbhR

printhead is icall in the

B r oot on B hdteselg oSt s BIRS b thAFI Gy 2 ot e P es B9 S compl et o
pr|nthead)mwﬁhemﬁbﬁmgmmnghwdhﬁx@&p@mnm&mﬂbMednﬁasﬁmﬁhﬁwfﬂkedﬂwptwmﬁhead in
the directinny352. The printhead has 6 rows of interdigitated printing

el enent s 300 printing the six colors or types of ink supplied by the ink
inlets 312. To pMofeefhict Ag if rpgiraet wift pageasss the hen deiprminee st periiion g

oper ati on, orantmazélaewgwamapagafm ni830atlabhed & 4 €3 QEhsdrOanti i@ fEﬂéé 51{ {aeazﬂ jsubstrate
301. For ea%hrp 5mW Ogﬁﬁ eigtlsla C ges ondi.n Nozz hol e 331

t hr ough Wwhi'¢ &7k “at SPrELS AT et Y oPPrévEnt® t‘@mno gmﬁUhrd hol es
331 from iberdiv degndnl acthem@edty bp ahided’ foiy bressdig gith ¢ hernitd @birdes fo réqutst eved air is
punped t hr oGl Eondh ﬁet&m %meﬁ%?e ap @omqysa{,med waecoﬂ%&ls%ﬂm afod1Qlyes during

printing. To Erevent i nk fromdrying, the nozzle guard is seaied whi | e
the printédpeft d’i“éﬂ“és"fNP’%@"é”‘S@‘??ﬁe

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

Pen actions relative to a nelpage are captured as a series of strokes, A stroke consists of a
sequence of time-stamped pen positions on the page, initiated by a pen-down event and completed by
the subsequent pen-up event. A stroke is also tagged with the page ID 50 of the netpage whenever the
page ID changes, which, under normal circumstances, is at the commencement of the stroke.

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

perform copy and paste operations etc. The selection is timestamped to allow the system to discard it
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1.6 The Netpage Pen The active sensing device of the netpage systemis
typically a pen 101, which, using its enbedded controller 134, is able to
capture and decode IR position tags froma page via an inage sensor. The
i mge sensor is a solid-state device provided with an appropriate filter to
permt sensing at only near-infrared wavel engths. As described in nore
detail below, the systemis able to sense when the nib is in contact with
the surface, and the pen is able to segse tags at a sufficient rate to
capture human handwiting (i.e. at 200 dpi or greater and 100 Hz or
faster). Information captured by the pen is encrypted and wirel essly
transmtted to the printer (or base station), the printer or base station
i nt erpretisfgr & definadirg pwctiThe egpeGtledtion deheibéslanepim)of ppage insthreel ¢t camsésts olThe
prefer red GoRaRMRitieiQf il f60ghRAARRE R PREUANES t&q,ta&gfaaldah DO iRl TBY Ki Ng
ink pen and as a non-marking's aspect owever, is not
necessary ¥ &ﬁﬂ‘ﬂE‘Ftﬁ‘b‘ntﬁﬁ@’Ph‘éE‘W@‘”él cw{e%ffaféls albﬂlrtts |aﬁ§}’1’§§?§?"e"ﬂﬁ a gl as when
it Is usednpslhianctwiisar net interface. Each netpage pen is registered with
t he net page syst has a_ uni 6 e hows net page
pen cl ass dlagrgrrghpeIl LY 6%ﬁ$PgFaen§hF 8&%%Y&oﬁmﬁ%§%?ﬁﬁﬁéﬁg%

regi strat i @ oéedepultintipems ptmsmbttdph@/e, cithee thavowuking Wiadkninkaiili ¢redre non-iparkisg i n

contact w §rﬁus%ﬂ‘ﬁwﬁgteﬁach IB& Q&&aﬁ@&ﬁ%ﬁpn{i’%ﬁdé $25. RASI ki 08 s@rﬂqast ££o'ci§t@<§ ation
relative to the page. The nib is attached to a force sensor, and the force

on the ni pWiththe H%P%?“ﬁ?@t’%’ﬁ“reél in feFRpRSe fQfheseriirleciipe Gqlof Fom hipietie The 4Bk her t he
pen i s " upib ele 1sdm/mb styl?hds&n@ldhﬁmmle&urrdnfhhersaﬁlteh vpuel @iRigh a pdh drdaggpige t o be

“clicked Dby bressing wth t n t
o or a1 oty BLERE S ML indolf B B Resdofnf) e, dSURhsa B
cont i nuousnilygyleeith whichithepwe tagged, the full dynamics of a signature to be

verified. The peRmgel&ndRes Jnhﬁ RS lof b Bt Rih YhlcE Rt ad bd?dﬁluglf:até R pai b on the

net page by | t he | ared spectrum ,an area 193 of the age in
the vi ci ni 19"% A ot sopine| {“E%Ie db PR Aeede f SPRARPTE BriptPEs |
posi ti on ofomdn@rilgiattivated st eve” LED.tWien teged suoteedshe dobberavsatkepelitdp @cthe ve

distorti on%gpltmgwmir%%g&qm%ﬁgb@ﬁﬁ he known geonetry of the pen optics.
t 6]

Al t hough € positi resolution of the tag may be |ow, because the tag
density on the padepnse PWWQ@“yk%ﬁGﬁWFwﬁgﬂ%l@kt%tﬂ‘a@fmsthﬁbaﬁlﬁ@f adj ust ed

posi tion r@saigid ie@Rankes oflthwifes @ RandRXGEERH Hifind REogAkie] SHINIWESBAY, Ukd QP
required fo acc%Jrate handwiting recognition. Pen actions relative to a

net page ar SUERSEUFPEE LU ASk i es of strokes. A stroke consists of a
sequence of ti meTht@rpedrelenndossniis digdal ok ¢ henguagreprinienvid 2 sibechngpyradio pen- down

event and R ELLGhRY dlggﬁl%ﬂcsﬂs' Q&%‘é@ N JRGAy Y SUGRL g éacﬁéﬁ&é’&ktﬁr éfﬁcm% SO

tagged wth the page he net page Whenever page hanges,
whi ch, und&PsTHEReRt IE?IW%YEH‘BSP%ME @Bon-up gvegtto prqe E%%’@H‘B’éﬁ?é‘rﬁ‘te PB’Fteft he st roke.
Each net page penvxtmasmap@usrcsueafermfgebm;trm&ﬂnw&rsamﬁmmaheﬁma& fdindrt, whigh | OW ng

the USer s pRSLLRIITLORY RSk DRSLEnORSLALLANS ke we PP 3L.S5H Ol ©
range of a printer, it transfers any buffered digital ink.

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

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

1.7 NETPAGE INTERACTION

The netpage printer 601 receives data relating to a stroke from the pen 101 when the pen is

used to interact with a netpage 1. The coded data 3 of the tags 4 is read by the pen when it is used to

execute a movement, such as a stroke. The data allows the identity of the particular page and

associated interactive element to be determined and an indication of the relative positioning of the pen
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NPS038- SG 23 after a defined tine period. The current selection describes a
regi on of a page instance. It consists of the nost recent digital ink
stroke captured through the pen relative to the background area of the
page. It is interpreted in an application-specific manner once it is
submtted to an application via a selection hyperlink activation. Each pen
has a current nib 824. This is the nib last notified by the pen to the
system In the case of the default neypage pen described above, either the
mar ki ng black ink nib or the non-marking stylus nib is current. Each pen
al so has a current nib style 825. This is the nib style | ast associ ated
with the pen by an application, e.g. in response to the user selecting a
col or fromektiypad ¢ bags to bk ebtahefl Allke indicatink da4 iy kransiniged th éhe piidersthiptedt rasisaci at ed

Wi th the Gl EemhshDeasoll 0K GAnEARKHER e AAHINIAS BERe Blifacd %gg@e% yg th the
current nib sty V@en t he strokes are subsequently repro uc they are

r epr oducedhifh ’?%‘ns thesomeRrrdingaehinitF Ot ihibgr Epenit 4 gede oWfenen8rert he pen
is within Ilfﬂaeg@e(ﬁfas laceamy 1ﬂetn&ﬁed\M mam sﬁlske; thenqmprﬁ@msaap Bave tB@ddaR sl ow y
flashes it decoq stroke rq% ative to

the page, clﬁ' the rgevang r]i)fflgoel: server 1 cache aclpne age, con51sts 09 a Fqappac W{gg layt)v.ﬁ gzamgﬂle ucceeds

QSRR error
i n decodi ngrsatesdyrbaleemtpule a@ge\mvet Ged pow). ﬁl%kgeage layoutreefees Tt abiedisysuccs imegeses it s

"ok" LED. f“né&%r%&ggft&fg tﬁﬁgw{oﬁgel%‘m%@émé &tpfé&fn%l%&d to as digital ink.
Digital ink forns the basis %Iata exchange of draw ngs and

handwriting, for o theees %E’Bfg‘ﬁ‘iet"Fsc}FF SHPke Adbmes |1tr¥E}“e"a~ﬁEF Haéf‘rdes%ﬂtl‘"i“ﬁ‘é
veri fi cat itichahe stbignadlidy, @il detti@nep @hici denht! of kbe Pace ABTriftibAS FlokSin@is@kst al 1 nk

to the netpage, gl ALel r%lh?st%kéﬂ%’ecanﬁea{‘é}g] rad'f‘%herezeval‘ﬁ o0 transmtted
digital in S encryp e privac OB Ity packetl zed for

efficient transAi“sligkon a stipie whese the d\sﬁwe Mdumqéetwm ﬂ& p&e@mmommd tho ensure

timely han.ﬂi)sbtﬁgnﬂpéh u!pfisgsﬁbﬁ hidb&h less\ﬁl{hﬁlamﬁe*aﬁalpﬁ&uﬁuﬁl ﬁhlt)bj&fw}ﬁ(ﬁﬁ%tlﬁiedﬁyrpr' nter
it buffers i nternal ne a capac . of over

[ i nk i
ten ninut e@qb‘%"'&? ?ﬁfeﬁ‘ﬁ’iﬁ% R O ek ag‘goﬂ?\;’/féﬂg & Hg‘)"ﬁ"éﬁ“‘i ‘Scb%‘i‘afé i thin
range of aofppémitm, suihias b Fspmf elick, tareyistaus ihdicaeed bylihg latiadf respokise fdmpiepercan be
regi stered. }@.II%:R) any nunber of printers, but because all state data resides
in netpages oth on paper and on the netvvork it is largely imuaterial

whi ch printer a pesfe dratwokindal irpateiomarfs iz tppage Pf&ﬁ&‘ﬁsfm’ﬁ?q bpedipks ppdfarm A

preferred mumbashur®RlghQffodniRidRANIsh Fighle 86 hdilPfMn bin Bk AtBhypd@hiai | in Section 6
bel ow, wt renﬁrg(eto Figures 8 to 10. 1.7 NETPAGE | NTERACTI ON The

net page prﬁmer eives data relating to a stroke fromthe pen 101
when the pen i s Abgedink § aimeine pipedding/ thssage retrpagenpjlicatihand gpiedly daitee 3 of t he

tags 4 is Jrﬁé&'reﬁ%ns% g]]ethsqg@ag}gﬁgg{gmi_ t is used to

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

When a hyperlink is activated, the page server sends a request to an application
somewhere on the network. The application is identified by an application ID 64, and the application
ID is resolved in the normal way via the DNS. There are three types of hyperlinks: general hyperlinks
863, form hyperlinks 865, and selection hypertinks 864, as shown in Figure 30. A general hyperlink
can implement a request for a linked document, or may simply signal a preference to a server. A form
hyperlink submits the corresponding form to the application. A selection hyperlink submits the current
selection to the application. If the current selection contains a single-word piece of text, for example,
the application may return a single-page document giving the word’s meaning within the context in

which it appears, or a translation into a different language. Each hyperlink type is characterized by
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execute a novenent, such as a stroke. The data allows the identity of the
particul ar page and associated interactive elenent to be determ ned and an
i ndication of the relative positioning of the pen NPS038-SG 24 relative to
the page to be obtained. The indicating data is transmtted to the printer,
where it resolves, via the DNS, the page ID 50 of the stroke into the
networ k address of the netpage page server 10 which nmaintains the
correspondi ng page instance 830. It thgn transmits the stroke to the page
server. |If the page was recently identified in an earlier stroke, then the
printer may al ready have the address of the rel evant page server inits
cache. Each net page consists of a conpact page | ayout maintained

per si st ent What infprzetioras pgedtage ambeatieor (see bel ow). The page | ayout refers

to objects such g |JBYERIne RS &ﬁﬁcepéécfé‘c%rdﬁ’f thefibEion TS s Gitlich Yeasd hOT €0
el sewhere on the netpage network. \Wen the page server recelves the stroke

from t he p@erificite the pase ingignes on Whichihedupedink istense prpRere: dhe tRpsaetien fheen ddeptily e

appl i es, aﬂd’—sﬂ@tﬂe rdm Rate dMSlicﬁtl’bn abegmhitle Hfshdphiag a0 6f EaEG thRbds@MatiRgest r oke
|ntersectslDa LS Fammongﬂ1 0ﬂnterpret the stroke in the context of the
type of thé’#mﬁeva%?m ] Tk" is a stroke where the distance and
ti me between theTbenﬂdmmmmﬁﬁﬂwuwmﬂmawm=$h@bn&Ub@@qdeﬂmnpeﬂmﬁpw@@émtion are

both |ess fﬂe@pste&qmdsm &onfszme%somdquﬁﬁ&anMéa‘h}lat%m@ﬁ,tpkrm@ﬁgmbaﬁ a click

typically requires a cl be activated, and accord q ., a longer
stroke is 2ereh Ede ‘mémlr %ﬁs thu rSébm*U#“ﬂa aﬁf&ﬁ*ﬁéﬁ*ﬁﬂ&dﬂ?ﬂ%ﬂéﬁm&?s £°fmglrb63&§9m click,
to reglSteﬁutﬁ&ﬂﬂmbQ@hﬁdwh&mhhﬁ&hﬁekmﬁﬁmmﬁﬁﬂﬂﬂﬁfmﬁﬁ@mmbhﬁ pen's "ok" LED.

There are two kindg e?l];nkedl é‘utp s%& %{}f&%@ lefhed 89§t RAYE Qr?%gacm%% R Q-

hyperlinks and for roug orm can %Fso trlgger
the acti va%llp\@hmé’ﬁg“&rﬁla%@bmm e@wﬁﬁmﬂgh mykﬁeldlelémellt ipfthe @rokp, ieyierlinie$éd | i nk i s

a meanst Ogas%lﬂlgd Kéh heg? Qgﬁcu;srﬁedaAr RpRlifked PRl Gﬁtﬁelqiaedk@rhgso&léwhﬁﬁhxhly elicits
a printed respons e s erlin

|deﬁt|f|ese¥ ? ?f%@??%ﬁaf c%ﬁgéﬁ“%é%ﬂ?é§e55%£W$FW8ﬁ“§ﬂ“ ﬁ@mﬁﬁéﬁerllnk a
link 1D 54mmhn@hh@dﬁmhmﬂme$omh@khypmmhsmﬁntnmEMmam@phmnﬁhxmmmbﬁum&hal|as
required" 6{313 ‘tﬂﬂbéﬁ ype ‘&%ﬁd&%ﬁéﬁ %%eieqnphﬂgkaﬂg%gm%eﬁo‘?é sh§re%@$ hG@tlon

alias ID activation, and a description IS used
when t he h?ﬁ@?flnk is recorded as a favorite or appears in the user's
history. 1ihe hypemsd nk el enment class diagramis shown in Figure 29. Wen a

hyperlink is actl t he page server s S a uest o an | ication
somewhere on the ﬁ@?W%P%Sa?Hg‘%ﬁﬁf?@ﬁ??ﬁﬁﬁﬁ@svﬁ%ﬁk|¢Faa *?ﬂﬁﬁ"§§§chatlon
| D 64, andthtohgh agpipted otitagoA formDIlpwes 7 w@aad subalit ore dr @renerametbrs Wweay aptiligatibdne DNS.

There are &ﬁ&ﬁ@m£§£§§m8&yﬂxgﬁ%¥'”ks general hyperlinks 863, form
hyper |l i nks 865,  and sel ecti on hyperllnks 864, as shown in Figure 30. A

general hyper| i nR e’ iSSTuPElEPenh 838 diy e dacutpeyt hiegarphy ik WHmRIRIR ¢EHIE 2 Sebr
si mply si gétadmiaal fikle tieh@BGE9. Aforeh iG@INdB6S rePredefth Mprinted instance of a form. Tt 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
more printed netpages. The form class diagram is shown in Figure 32.

Each form instance has a status 872 which indicates whether the form is active, frozen,
submitted, void or expired. A form is active when first printed. A form becomes frozen once it is
signed. A form becomes submitted once one of its submission hyperlinks has been activated, unless
the hyperlink has its “submit delta™ attribute set. A form becomes void when the user invokes a void
form, reset form or duplicate form page command. A form expires when the time the form has been
active exceeds the form’s specified lifetime. While the form is active, form input is allowed. Input
through a form which is not active is instead captured in the background field 833 of the relevant page

instance. When the form is active or frozen, form submission is allowed. Any attempt to submit a
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hyperlink submts the corresponding formto the application. A selection
hyperlink submts the current selection to the application. If the current
sel ection contains a single-word piece of text, for exanple, the
application may return a singl e-page docunent giving the word' s meani ng
within the context in which it appears, or a translation into a different
| anguage. Each hyperlink type is characterized by NPS038-SG 25 what
information is submtted to the applicggtion. The correspondi ng hyperlink

i nstance 862 records a transaction ID 55 which can be specific to the page
i nstance on which the hyperlink instance appears. The transaction |ID can
identify wuser-specific data to the application, for exanple a "shopping
cart” of pemdwirg thefiro kasestivra inizen insgctedyndansipul ditimsn fogn agpiripedt i on on
behal f of the usehs Jhengwsd @q;sbmédarﬁes@) Wa@%mg&%%@ﬁ@%ﬁ% kan 826 in
a selection hyperlink activation ystem i ncl udes the contént of the

associ at edP"? 3 ysion Histery gl aflowspllegthy Iﬁvb@rsrorlﬁﬁa e rn\rézerle}rlrf tmepripbugh i f

t he hyperlbmkmhm&ﬂmbﬁa sarbmt delta” attribute set, only input since the

| ast form subm s The effecti e return
path in all hypei?l mﬁ)]%t is ca{)tureg%scg dlmk Bﬁmﬁﬁtﬁ rf(onsdsso"fla se @grgst 8 ié

el ement 838oush Bth edel of wirichacyrsditsi @taeet Oﬁytplefr ptiokds 87fa§achs¢rglwr1:0usr$tsﬁfgmtef 31. When
i Nput  0CCUgrestutiped Egn)oﬁnéﬁs ficelath GHERERL m&dtaé}f‘en SRt ahd ¥eb AP Ak rh%rtsl 844
associated with t roup i s activated. hyper | i nked group can be used to
associ at e ﬂ@ﬁ@?@ﬂﬁ%ﬂmS@W%WIG?mﬁPth a freld such as a checkbox. It can al so
be used, in conj arfeldickmensB4stai tea chaklortitld 8lF| 4 axt fiela B8l 4 dduitisp fefd 839,fo04 M

hyper | i nk, i " i i.qn. n therefore
e used o0 a! pHE ARl Rl G BBl b R ARl e A R T
capt ured am!‘érlftsr?er@e%er@@ﬁhtpé@ﬁdé soon as it occurs. 1.7.2 Forns A form

defines a coll ecwcﬁ&k&& ﬁél@h@stagqssbcruwatbo&eaﬁlvﬂﬁe meaglsﬁoanmgw:% AnyRinated set
of inputs orm user to sybmt one or

net
more par an%f*g?g %epb pEPE 8{%?9@8'fefi\}rbar%’“§€%&5§?ﬁzwﬁﬂrsﬁj“8?1" Peddrver. A
form 867 H&a&@gﬂUUQE§MéNBME 838 in the document hierarchy. It uItinater

contains a set " qfit oty Rk Lih ShEMRR'S, 33%ooh f Ol LEKANRSRS

repr esents a pr| nt e I nstance o orm consli sts
i nst ances ByErehi et Eglf F eXp drtomatiopllyeconierqddo Extaretnfins Ipadyrigne reqpenificsr m  Each
field i nSJn&ﬂﬁ@exhﬁ%ss%ﬂcd&& 80 Giblatk Oluey oh1e hihdlxiinghQs@itby RevellopBREAsd @&, t he type

2 parti cul ' AT oo AP AEE, VT8 (1 St B B T B e
net pages. HRdqepnitionr lidita $snditagy arrPrtsmsrmWﬂs iamd Maghineeln@ligengea Mol F20Mm8i nst ance
has a statyg,8 7oy cgﬁreﬂtsrbtﬂr,ﬁlaraeéhem%éae,&a&@ﬁyJr&g rsrereﬁceﬁct' ve, frozen,

subm tted, void or_ expired formis active when first printed. A form
becones frozen Oﬁégnqtq:re ilﬁeéd 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

fic

the owner of the pen, and a digital signature of the content of the form of which the field is part is
generated and assigned to the field’s value. The digital signature is generated using the pen user’s
private signature key specific to the application which owns the form. Online signature verification is
well-understood (see, for example, Plamondon, R. and G. Lorette, “Automatic Signaiure Verification
and Writer Identification — The State of the Art”, Pattern Recognition, Vol.22, No.2, 1989, the
contents of which are herein incorporated by cross-reference).

A field element is hidden if its “hidden” attribute is set. A hidden field element does not
have an input zone on a page and does not accept input. It can have an associated field value which is
included in the form data when the form containing the field is submitted.

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

Because the handwriting recognition algorithm works “online™ (i.e. with access to the
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signed. A form becones submtted once one of its subm ssion hyperlinks has
been activated, unless the hyperlink has its "submt delta" attribute set.
A form beconmes void when the user invokes a void form reset formor
duplicate form page command. A formexpires when the tinme the form has been
active exceeds the forms specified |ifetime. Wiile the formis active,
forminput is allowed. Input through a formwhich is not active is instead
captured in the background field 833 gf the rel evant page instance. Wen
the formis active or frozen, formsubm ssion is allowed. Any attenpt to
submt a NPS038-SG 26 formwhen the formis not active or frozen is
rejected, and instead elicits an formstatus report. Each forminstance is
associ at eddypaics59)thenpeh hnosemyend), ontheri thst “afilive’ (idewithy @dest poyntd 4 bitthdpud perpr ovi di ng
a version Q&ﬁg@f,%cmﬁ@g&iz@“ Qo\ﬁ’%isalet}elﬂ—gg%entcngacleﬁtvﬁtﬁE’elé(i@glfﬁj c&f’acﬁ wEtfPJu{n n a

particular tinme period to be exclu froma search.” Al'l 1 nput 1s captured
as di gi t al 2 iker-depprgpat draining kphasp3 Ac BT dopadest medd et hgndwrifinge dst ¥AmeHcal r oke
groups 87 4gen@a&ibv@limahb & eiC 0 SinSk GerOhie@upS@in: iDhec&lap), €d st rokes 875. Each

stroke consists qf .g.set of tinmestanped pen sitions 876, .each of which

2l S0 i nl udes. peR SRt AbPRARERIE § 8 PFEETCIR EKTshPAFHE AR SHREL i agr am
i s shown iapaRicgaraenBB’s zfuefis ehahdal te theindenBaAS digid ideirepn lredyidronterbicetial. 877, a
text fiel dm§(75%'okeallog E}ﬂ%\ﬁd@(g tof :J.n%lb_figt%%ﬁ italCihk %eaﬁ'igéwznﬁéﬁofﬁeeéa&g&% ﬁéﬁ‘@ fi _el d

el enment class diagramis shown in ﬁ?gure 34. Any digital ink captured in a
field s zoH#laGg§r€mssigned to the field. A checkbox field has an

associ at ed bool edpitMaink @aphBdd, inabe PBQEPOuddNfidid GUMRPRed ANy sti@fide gds@arel | Ck, a

cross, a stroke,. a fill zigzag, .etc,. apt ur in heckbox field:s zone
chuses a trangtnaof i of98 bl bty BT 47 oS Rt o 6 has
an associ atbgdts.tabboughibd agmal §@2preteton sshaplicatiomspRiigur e 36. Any digital ink
captured in a texindid ShflafedRBEakisus PatiQaERhibE did YngRRVerted to text via
online handwiting recognition, and the text is assigned to the field's
value. Online handwiting recognition is well-understood (see, for

exanpl e, Tappert, C., GY. Suen and T. Wakahara, "The State of the Art in
On-Line Handwiting Recognition", |EEE Transactions on Pattern Anal ysis
and Machine Intelligence, Vol.12, No.8, August 1990, the contents of which
are herein incorporated by cross-reference). A signature field has an
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 digital signature is generated using the
pen user's private signature key specific to the application which owns
the form Online signature verification is well-understood (see, for
exanpl e, Planondon, R and G Lorette, "Automatic Signature Verification
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and Witer Identification - The State of the Art", Pattern Recognition,
Vol . 22, No.2, 1989, the <contents of which are herein incorporated by
cross-reference). Afield elenment is hidden if its "hidden" attribute is
set. A hidden field el enent does not have an input zone on a page and does
not accept input. It can have an associated field value which is included
in the formdata when the formcontaining the field is submtted. "Editing"
commands, such as strike-throughs indigating deletion, can also be
recognized in formfields. Because the handwiting recognition algorithm
wor ks "online" (i.e. with access to the NPS038-SG 27 dynam cs of the pen
novenent), rather than "offline" (i.e. with access only to a bitmap of pen
mar ki ngs), it can recogni ze run-on discretely-witten characters with
relativel yﬂy,g@ S%ﬁﬁﬁﬁr?%ypen%fe%%nsﬁut%'n $5?gepe_ndent training phase. A
writer-dependent andwriting 1s gufonmatically generated over
tinme, howdvePbieghd| calvMee Jendiemtiaritup-ffront i f ne‘%‘éwary Digitdl ink, as

al ready stigiRflink COlEEh&RF OfiCIdk SEqUENCE ch starts

in a partficul ar e%m& igital ink
stream ready for [FRTr pret Any t"?rﬁikfér“h@tapﬁf%@'?ded to an |obj ect's

digital ink st rearrsie&cta:pperu:ﬁeﬂ fo the onﬂ«grsuﬁatﬁmftoemicamn digital} i nk
stream Di 1 A"“" ,JI' he—bac I: t—s—nterp Pt etied as a
sel ection gée}shﬁtﬁird b’ Clyl Catllé on of négkhc vt ‘?‘% objects is generally

interpretgdd as a sfbﬁctl on gndwiitgci rculgzwertlddai inksltg textt assigaltaxhiough t he

actual intlerpretat{on is application spegafic. Table 2 summari ses these
vari ous pgn inter agtions—w a-netpagel.-—NRPSO38-SG 28 Table 2. Symmary of

pen interdctions EWY""?? net'?J%fEE'"‘étbj ect Tf ?Jééqﬂéllipitfa'ﬂ'&f?ﬂ%'f'i on
Hyper | i nkGener al d [SekSukem tSigeturen t o aggify digital Bk sibtturelgeadrmiebm t| formto

applicatign el ecti bndickSubmt selectijgn Iﬁﬁq ébﬁgﬁﬂ &{Q;[v(jﬁlag

fi el dCheckboxAny nparkssignitrue to fiel ndvvrltlng digital ink
to text; gssign tekt to field Draw ngDi BTB&IFBFQ{I@E’Slgn digital ind to field
Verify di qN&riﬂ I nK[-sI gnat urn@icugSdigtictl € |Assign digital ink to current selection

The system maintains a current selection for each pen, The selection consists simply of the
most recent stroke captured in the background field. The selection is cleared after an inactivity
timeout to ensure predictable behavior.

The raw digital ink captured in every field is retained on the netpage page server and is
optionally transmitted with the form data when the form is submitied to the application. This allows
the application to interrogate the raw digital ink should it suspect the original conversion, such as the
conversion of handwritten text. This can, for example, involve human intervention at the application
Ievel for forms which fail certain application-specific consistency checks. As an extension to this, the
entire background area of a form can be designated as a drawing field, The application can then
decide, on the basis of the presence of digital ink outside the explicit fields of the form, to route the
form to a human operator, on the assumption that the user may have indicated amendments to the
filled-in fields outside of those fields.

Figure 38 shows a flowchart of the process of handling pen input relative to a netpage. The
process consists of receiving (at 884) a stroke from the pen; identifying (at 885) the page instance 830
to which the page ID 50 in the stroke refers; retrieving (at 886) the page description 5; identifying (at
887) a formatted element 839 whose zone 38 the stroke intersects; determining (at 888) whether the
formatted element corresponds to a field element, and if so appending {at 892) the received stroke to
the digital ink of the field value 871, interpreting (at 893) the accumulated digital ink of the field, and

determining (at 894) whether the field is part of a hyperlinked group 866 and if so activating (at §95)
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Si gnatureSi gnaturedigital signature of form assign digital signature to
field NoneG rcunscriptionssign digital ink to current selection The system
mai ntains a current selection for each pen. The sel ection consists sinply
of the nost recent stroke captured in the background field. The sel ection
is cleared after an inactivity tinmeout to ensure predictable behavior. The
raw digital ink captured in every field is retained on the netpage page
server and is optionally transmttedgith the formdata when the formis
submtted to the application. This allows the application to interrogate
the raw digital ink should it suspect the original conversion, such as the
conversion of handwitten text. This can, for exanple, involve hunman
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appli cat | ofzaRGAL d & 1GRARL HoEBYand HoGK Srivdily B 583 OB Rlboldhe! Rpynid 1

entire background area of form can desi gnat ed as drawi ng field. The

appl i cat i oiteRaiyely. ke abjencs %fé’n ingpt fieler B&’éﬁl‘ék aipending (3584Y é‘:ﬁé@%ﬂrd savlsjutft al ink
out si de t h&e ag@l in€ lof thé bRkdam® felll BE3; @rdapylﬂgQatrswttﬁb fedft®ed {0k IR carrdatiman

oper at or, tion that t ave i ndi cated anendnents to
the filled fgcmng (? esg%ru?tg?nd%s%afnwfqgggyéﬁ?m%?ﬁat\{onS 'Gure 38 shows a flowchart

of the process oFiglraAdd shongy pdetailech flortcharediostep 383 inothapmetyagen inHigere 39r ocess

consi StS OfnefeSfEhdhrthidd @ik SN ot Hdid g&ﬁersé@m&&}@ng%%e B HeidGnd at  885)
the page instance 830 to which the ID50 in th roke refers;

retrievi ngPrPests e of Aderpiga @Hé%@ r”Yh ‘fr fsﬂd i a&preey Prﬁ’g(af( 8¢) wiggthon the,
formatted aé;anmtrep&wtsvaﬁmmnmdSBsd heigfidg @K®3) RluaE St 6, hdRdiekdieni ng (at

888) wheth r. on field e and if
o hppendt ety guBhIRk I8 fof WBTR R 2 RAME 48 il Bt S s, o e
val ue 871, digiatiek tp ceenuisyieftarith @Iyl prbe mrenmtﬂrwswlozj pegiet, ad apsigeing fat 90k fi el d,
g gg dgt e ][tHE! th%gctidc%ﬁllglﬁe?@t ts\lghetga@{zamehﬁte%%%ag détegrsﬂfﬁ% fat O02) @hemxtﬁﬁ‘éﬁe!ﬁﬂl(@dl group
an i SO acllVv n soci at ed yerln
al t er nat i V%P BAEL PR 3{@“g (a%"géb ?ASE%FHWS?H?@%?W%%’&“ EPERRRTH he
corres pond&lptaﬁ e ajjpyqjﬁath regkmbresasaraﬂ; crednielg (af 908pa digital S@hivrR@! (hatonBss pf thhe
correspond, Er&; QMBE'% mnﬁ'a%g%gﬂao"fﬁ]e%g}éuadoﬁ‘ sem?anﬁqxaﬁé‘&lgp&f%“%& 5‘;:’&9&%& field

or hyperlin a pen received stro tal ink of
t he backgrdapfere ?YéFléFmBSBthe wrerPediy PRy calien 2EgTiening 6t PASL T dish! %&nﬁ‘m@@ to the
current sed@tddapa 826 of the current pen, as naintained by the

regi stratl,gp ev\% s K:re 38% shows a detailed flowhart of step 893 in
the proces howh®$% eﬁ% where the accunul ated digital ink of a
field is interprétregk scr@romhnmgl it @ cortweant] whigh ¢f habdial thdaliy} bl thed haxe spyendess

consi sts ogpegggcg[gmygh@gngggteaﬁg&}mygﬁ%sgg&sthe field is a checkbox and (at
897) whether the digit I nk represents a checkmark, and if so assigning
(at 898) a true \?@Fﬂ‘iéﬁf’t’eﬁ"‘ﬂﬁ‘é‘“‘f?Oé‘lcﬁl"\?al"ﬂ%fom%%P%%%%Plgﬁatﬁ@%?%%?%g (at
899) whet hep, 4 et finetothmaid B0L L6t fofnh @tk BRElandf01 R Q dGNPMEPdt Bghnladd 91900) t he

reset page command 913, a get page status command 914, a doplicate document command 915, a

reset document command 916, or a get document status command 917, as shown in Figure 39.

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

Since a form hyperlink instance conatains a transaction ID, the application has to be

involved in producing a new form instance. A button requesting a new form instance is therefore
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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 determ ning (at 902) whether the field is a signature
field and if so verifying (at 903) the digital ink as the signature of the
pen's owner, with the help of the appropriate registration server,
creating (at 904) a digital signature of the contents of the corresponding
form also with the help of the registypati on server and using the pen
owner's private signature key relating to the correspondi ng application,
and assigning (at 905) the digital signature to the field value. 1.7.3
Page Server Commands A page server command is a command which is handl ed

| ocal |y bytyritedly patpeegetayehyperfitk. operates directly on form page and

docunent i NSt anc@sy,R.R38R c&%&ﬁ@ roqmﬂ%te%QZpyccﬁ'a}eQ&T@po\ﬂahgéj%EQEMQmmnd
908, a dupllcate f orm command 8 a reset form conman a get form

status conffine erlerouad %YW&{G@W&&@E%W&?MQF is Pt efta fﬁfa'g@erb%?nmnd
913, a getdprge Iﬁgfﬁ‘édﬁﬁnaﬁd) Iimﬁfé@re&ﬁfhs aad@u@kel foit €onth@dl R RésetCRARIRMGNE45, a
reset docunept col ocunent st 7,...as shown
R N it e R e i e e S g
duplicate dl%wmdctimmm conjedris @ Sorplopis oot of e Sporibinty résghrageicprmad ésanterprited hen

produces ap ,aGhd M A%hlaﬁdeﬂ 269 Rifus E&gnagyﬁ&@aés afp%tea ret&?ts&m%lecs%m‘é\‘of f. field
val ues preserved, The copy contains the sa transaction | Ds as
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appl i cat i oprinted ab&thedtatisof sy GoniBndtamoirdspartbhe correspondi ng form i nstance
and then produce i t he field
val ues. di Scar dod AR TR AR o SN Bl ikl IABTLANRE L (' o

t he stat uspagfelesat correspondi ng forn1|nstance i ncl udi ng who published it,

}Nnen it was printggeha fn@é uM&h@é’ﬂs bplivyRsd witR 10 L 2eks prddRfled, B8l [ MebuS brdliddsn Of t he
orm i nst apnce.

perlink ins e contains a transaction |ID,
the appi | CHET B 5 e USPUREE H A BB HGTR SHEAD: POt AR o A
button r eqtmesd tergOgly drewindsandwignasieeapp@r inshelr hdgief fome withNPEDB8 SSoBBnied pi cal | y
|nplenentqgagamﬂnn%ﬁﬁ£hﬁggmgﬁmg%ﬁhhggkgvgﬁggogonnand produces a printed
copy of theé correspondi ng page I nstance th the background field val ue
preserved. |f thé Jyeliac desmben pranmgnd HP‘?’PF‘?ﬁra PF%tefb‘é’Plf ofghe cqrrgsprodine fovement he
duplicate faa@ee GRIBRREing fielat @rupsr feRFeAIf te Aokl 2bRaiksOdmN FG:RENMARGhe A T eset
page co roduc s a 0 of the correspon age, | nst ance
with the b&e}llgkcﬁg(‘)iﬁcn (1ag P cag’sg‘egca a5 Smfefwaf’ﬁg i éedflo?gﬁ?g'ﬁ]gw °% form or
is part ofAaﬁﬂabﬂmwmh@mmmﬁwﬂﬁssetp@a@@qmmﬁﬂﬂmkwmmﬂmtéwpmwleﬁmwawma reset

for”1CO”“HQQMmﬁhﬂﬁ&d9@&@d%&ﬁk@%ﬁ%ﬁﬂﬂ&ﬂﬁmﬂ%&gﬁﬁﬁ £&mBthed tROredcEBRIDenPN T he
status of the correspon |ngw$age i nstance, including who published it,

when it Wac‘é)mﬁlialilqﬁeg:& § @Fmsv\;ﬁ jafne Ry @ reset form command does. A get document status

command produces a printed report on the status of the corresponding document instance, including

who published it, when it was printed, for whom it was printed, and the status of any forms it contains.

If the page server command’s “on selected” atiribute is set, then the command operates on
the page identified by the pen’s current selection rather than on the page containing the command.
This allows a menu of page server commands to be printed. If the target page doesn’t contain a page
server command element for the designated page server command, then the command is ignored.

An application can provide application-specific handling by embedding the relevant page
server command element in a hyperlinked group. The page server activates the hyperiink associated
with the hyperlinked group rather than executing the page server command.

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

page server command has its “on selected” attribute set.
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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. \Wen a page instance is duplicated with field val ues
preserved, field values are printed in their native form i.e. a checkmark
appears as a standard checkmark graphic, and text appears as typeset text.
Only drawi ngs and signatures appear in their original form with a
signature acconpanied by a standard ggaphic indicating successful
signature verification. A duplicate docunment conmand produces a printed
copy of the correspondi ng docunent instance with background field val ues
preserved. |f the docunent contains any forns, then the duplicate docunent
comand dub8i cat 8sANDARD REATURES DRNETRecGESANE way a duplicate form command does.
A reset docunent i CRTIRAMPLAMUGES RN BhE GBAN Alpkd LA LRRAGRY NI

docunent instance wth kground field val ues discarded. If the docunent
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printed, aﬁtdblttheellgtsatlmlamtorﬂme dr@tivntysmgtpamnt ains. |If the page server
command’ s "on Sekﬁecée%ﬂ sﬁélé FdgPUSS ARl hanfiBe BrebdleoyCRITRAL: %ﬁ%@ﬁa@é on the

page identified the pen's current selection rather than on the page

conta|n|ngmvﬁé1@6ﬂﬁﬁﬂé”““ﬁh¥%h%ﬂ@4ﬂ&¥*§¥ﬂﬁﬂﬁmBWmB&5@a@@ﬁW@% commands to be

printed. I{f9the UsergdirBagremdoesn’'t contain a page server command el enent

for the designated server c nd th en. the S..angred. An

appl i cation can %td@. gdggpdwggiﬁgﬁﬁmgggf B ugﬁﬁqmmﬂngdgdﬁﬁg t he

rel evant pageed itshivity e singlansgrent chfcathaios prclufiing: g hyperllnked group. The page

server actJvatesﬂéﬁgfgmggkbk&&naSSOC|ated wi th the hyperlinked group

r at her than executlng t he page server command. A page server conmand

el ement is" hi ddeffMsPIROEr RS attribute is set. A hidden conmmand

el enent does notmh&wﬁm&nmmnput zone on a page and so cannot be activated

directly by a uge m“%ﬁﬁ however, be activated via a page server
Fereht page, if that page server conmand has its

comand ermbedded ' a
"on sel ected" attep-lelpetragaetwoliR8e38y SG 31 1. 8 STANDARD FEATURES OF NETPAGES

In the pref erredﬁ@k@meﬁﬂ&&hd&@&tﬂ&ﬂ&daﬁna&ﬁdl&I]ﬁn@ru\!\bs&ﬁtehéﬁ% hgtipage | ogo at the
bottomto indicate, that i s a netpage. and therefore ﬁas interactive

properties. The FH@B“EF?&“&ﬁPgmﬂgn‘m ollyinedBiony n npst cases pressing
the | ogo producesint: @ppyfadicuiéne page. In the case of a form the button
produces g, copy &%uthgng% I8 form And in the case of a secure docunent,
such as a ticket cou , the button elicits an explanatory note or
adverti simg pageprint the status of a document

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

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

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

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

personalization mechanisms in the netpage system. Although news is often used in the limited sense
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The default single-page copy function is handled directly by the rel evant
net page page server. Special copy functions are handled by |inking the

| ogo button to an application. 1.9 USER HELP SYSTEM In a preferred

enbodi ment, the netpage printer has a single button | abelled "Hel p*. Wen
pressed it elicits a single page of information, including: status of
printer connection status of printer consunables top-Ilevel help nenu
docunent function nenu top-level netpage network directory The hel p nmenu
provi des a hi erarchical manual on how to use the netpage system The
docunent function nenu includes the follow ng functions: print a copy of a
docunent print a clean copy of a form print the status of a docunent A
docunent fefmetspoar andngwsmigpzteacivshijie miendsdl seopprieds presgnticbreexbisitviden and t hen
touching any page, uBicblie SHAEHTRIbdiodfl SodlR bhiP m@fad@mgﬁagteqm o Adic6at es who
published it and wh to whom it del 1 vered whom and when it
was subseqRrsligetiqp %‘ﬁl?ﬁ*?‘t“ﬁ‘é’&d a%ngadlﬁﬁﬁ%mew?@S%tTﬁa@@mét worK dirreerled al | ows
t he user t&cd@ﬁﬂg @aﬁeereidaﬂs BBt sty 26d ity Cpluied MBeresBHINAIS. EILY lagRBisiafn t he

e 07, 50 Bl A S BRI bR P2 oLVl "

| ocat e th(—:~2 tlesi rE@TQRw-lBEBmNAaIMIOW oute it to the user's printer. Depending

on the docunent LyRGerikNen REDbA é,bmsq;fné“ta%omse&ho&qyédeﬁlbe@nmhﬂ;m ol I ow
pages" service fee. The help page is obviously unavail it the printer

i s unabl e 8 theq et defiypr t“ﬁ‘?’sssuéaé‘?e“@lﬁ%news Sppligtiony jrgy H%gr‘igéteq fmtd c&ﬁ‘?ﬂ‘ Bhé° user can
request repblisherdh&gnasdnd M eggrdghed aehv\w K. news PEERSNAL by ERpEAIBEH GG ON MODEL
In the foI escrl tion, .n canonlcal ubllcatlon
exanple to g%m%agogt Var & pae“r"”rslsotp’ip aﬁ% a(fms ﬁnd?r%gﬁgiﬁ?nglrr%evﬁs" {rgpad Ysmaﬁaémgsyst em

Al t hough nelils n¢ve sisdfameenn hsmehyiawd vatia: 4 Trivy tneed ferddom a niiRIOIGe, S@r@Ql stip. newspaper

and neWSWaﬂe%ﬁhda%ﬁ?%{mﬁ%&xﬂ%@ﬁlﬂﬁﬁboﬁﬁ%%k&ﬁd&Q@wrpéﬁﬁlent context is w der.
I'n the netpage styfﬁte editorial conihent and the ﬁ dverti sing content of

m th
a news publ i cat i BhPHFE g‘r‘“ﬁ‘i‘fﬁef'F“?é&’Pﬂ%ﬁ P e RRPHOUGHO™S The
edi torial wediniseth¢ aggSegﬂ&ﬁSJ(ﬁmallﬁpEetdws aeans. Bynigndlag ttikeagpegdar awl iexel hei tly

st at ed andfoilﬂmgné 81’ I}ejwy sh%ﬁEst sgl%cqé& dn‘gétﬁ Ii)? ﬁl% re?t&egftﬂlel sgrvaera%lqu }gﬁ([etaidée;'tglgg on
pages over which i otherwise has no editorial control.

The subscriber builds a daily newspaper by selecting one or more contributing news
publications, and creating a personalized version of each. The resulting daily editions are printed and
bound together into a single newspaper. The various members of a household typically express their
different interests and tastes by selecting different daily publications and then customizing them.

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

The reader can extend the daily newspaper by creating custom sections, each one drawing
on any number of news streams. Custom sections might be created for e-mail and friends’
announcemenis (“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.c. 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.c. as a perceniage).

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
NPS038-SG



content is personalized according to the reader's locality and denographic.
2.1 ED TORI AL PERSONALI ZATI ON A subscri ber can draw on two ki nds of news
sources: those that deliver news publications, and those that deliver news
streans. Wil e news publications are aggregated and edited by the

publ i sher, news stream are aggregated either by a news publisher or by a
speci ali zed news aggregator. News publications typically correspond to
traditional newspapers and newsnagazi ngs, Wwhile news streans can be many
and varied: a "raw' news feed froma news service, a cartoon strip, a
freelance witer's colum, a friend's bulletin board, or the reader's own
e-mail. The netpage publication server supports the publication of edited
news publ i Baisitosmppoatshis mgkrkncas t he aggregation of nmultiple news streans. By
and! {19 Lhe AUNEARLIORyAR bDGRGE LU L Ok D3R S SRR SC1 C1 o
directly by the rea the server 1s ab dtvertl sing on pages
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and creati ng % g)ersgbﬁalb % version of each. The resulting daily editions
are print e ang-® P8 A% into a single newspaper. The various
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tastes by sel @ggsftgﬁeq afé.seff.ﬁ R Bgaéfglm teyme'dg@ye@@%u dant R ﬁevs%gﬁw ng them
For each publication, the reader optionally selects speci fic séctions. Some
sections afiffEarbicetaipage coppipts indhervalseriverp sdiipnsweek| y. The daily sections
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expect ed ) ) ) )
The reader also optionally specifies topics of particular interest within a section, and this

modifies the priorities assigned by the editors.

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

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

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

The language in which a news publication is published, and its corresponding text
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sophi stication of the reader, for exanple to provide children's and adults’
versions. The appropriate version is selected according to the reader's
age. The reader can specify a "reading age" which takes precedence over
their biological age. The articles which nake up each section are selected
and prioritized by the editors, and each is assigned a useful lifetine. By
default they are delivered to all relevant subscribers, in priority order,
subject to space constraints in the sulscribers' editions. In sections
where it is appropriate, the reader may optionally enable coll aborative
filtering. This is then applied to articles which have a sufficiently |ong
lifetime. Each article which qualifies for collaborative filtering is
printed widnbpdmatis mgropauty obthe publicatipreand mok agfrefdrénee apteised k. théliver. Bomevanide can

provi de  apupeASYimal &%oxﬂ%mgd t ploknlaggl n@mm;éﬂat@ﬁ Aemds ih variBBiehi®g, 11 nore

likely that readers wil to rate article. Articles with high
priorities®*&nd sﬁB‘fEFT'P'P'?é??‘lﬁ'l?éT‘%‘\‘%"DtTﬁg?%Tf"{?r e effectively considered
essenti al read| nghebyerstomzﬁdm toﬂrtlrﬁ: @liiehaf centedle Hirdé@y @ffbcls GhdTBEbriifigy eanAd
subscri ber S fact
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ser endi pi t1y0r¢ a'eﬁﬁsmo abpyieing: trawe S@mpreélhml@wmm@ h¢ @ﬁiuerrétﬂ@mdmakmpimgo an
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correspondi ng sectlon will be led to the reader's specified capacity. A
di fferent SErERFHLY fact or can be specified for different days of the
week. The reader Efidcs@ afpériivipals| pacaDec it asis oo picAlBy add {@dobryshits. aLocambt er est
within a t d iorjt L.aned
editors. feé&és&g d&ﬂ&y ﬁeps‘mc egre chsr rttieﬁrgrﬁegc CO&}}%@%{%E&% Ee X’fc e quality
at whi ch |wgetsd eifrihdecal ehetmugityraedionviTirecr deerapbiss imaint gﬁngfgie@@rﬁsesd a

pref erenceprégggup;tgmgWm@g%sggndﬁ ﬂg@g i mages or bot h. t he nunber or

si ze of |nages | not uce es delivere | ower
quality (i e. TR A A e T S&%ﬁﬁpw&@r%mwo‘ﬁf

gl obal | evwhty detbreune@asdme ppe@dordd gesgrdpbiv/ copuapd, i isies of it adadigshipt itsreglersthiydl
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currency, and whistHeReRapesysteRahy BeapcoRIblicatag; sefver spmpwps dlieragprorimse Mk on or
annot at i ondimendiB@s azdoat&f @.{bﬁ‘(ﬁﬁ@ﬁs Alegidaiiniag sfpﬁce 6h tah{Rr-feOrRd Bbsiss k@ @hd Ly by
defaul t. Tocogngatddil ugflca di, fclcc‘glatl es, ¢ gusere Q%(%E,og‘r o %/ tse %{h Het he reader
opti onal | Y**§pecrt? 8% OPETEP SISO 14 yer *Br &sBnt 519°0h. Both
text and iwxdigeslitengachosiat admmsnghrwgttiyn aghedehl redg’s demdgopiiat | on i S

accommodat ed on gAGR,RRGEwith [difr E@&Q%%tig!gg@ g!fb'mcﬁo@s MEWReLURY &Rkl BN 1S

published, and.its cor respondi ng text N
defined in greater detail, and altows smaller pieces of it to be sold separately. It therefore allows it to

be sold at closer to its true value.

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

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

Because personalization and localization are handled automatically by netpage publication
servers, an adverlising aggregator can provide arbitrarily broad coverage of both geography and
demographics. The subsequent disaggregation is efficient because it is automatic. This makes it more
cost-effective for publishers to deal with advertising aggregators than to directly capture advertising.
Even though the advertising aggregator is taking a proportion of advertising revenue, publishers may
find the change profit-neutral because of the greater efficiency of aggregation. The advertising

aggregator acts as an intermediary between advertisers and publishers, and may place the same
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encoding, is a property of the publication and not a preference expressed
by the user. However, the netpage system can be configured to provide
automati c translatlon services in various guises. 2.2 ADVERTI SI NG

LOCALI ZATI ON AND TARCETI NG The personalization of the editorial content
directly affects the advertising content, because advertising is typically
pl aced to exploit the editorial context. Travel ads, for exanple, are nore
i kely to appear in a travel section tfgan el sewhere. The val ue of the
editorial content to an advertiser (and therefore to the publisher) lies
inits ability to attract |arge nunbers of readers with the right
denographi cs. Effective advertising is placed on the basis of locality and
denogr aphi skyertideend ininmitipleghelilieatioisnes proxi mity to particul ar services,

retailers etc. @tngﬂwm bt Wl pnaw;xsﬁt%; &qﬁ&%&lﬁ%ﬁ(zdﬁ% e SOah&lfd M th the
| ocal cormunlty and envi ronnment er rap hi cs determ ne general I nterests

and  pr eocREffFAT BriLe RSlicqkps %@t‘?mwﬂéaﬁel??m“ﬁg‘hep@wcéﬁ‘%s“ adertisisgaPatsibl i sher
nmost prof i khab b@ngneﬁcommlgnoﬁnga:ﬂa/ﬁn bl ies' a‘magbmﬁpnsaoeﬂwéntddveﬂisém r&&\haﬂiéia& entit y
determ ned e _pub atio a ver age,
readershlpf£¥%§”?g§'é%%ﬁ?% “d ﬁ%%% ﬁlgg&en%ﬁlfﬁw B NWIarggdeém?% le for
adverti si ngypportnfor [thesenesepristiens.sipguding Supm ﬁetamag’eedpwbﬁqnt af pdpartiseg smre. conput es

the appr oxjsebRioty bdiculiy BRSIHRNG} ﬂélﬂa%en%t 8 Riblidemald ORas saheaphe
adverti si n?g{mggace on a per-section basis, taking into account the

publicatio H AP e ”E@@EWQ&@YRFH%“EQEFF%Wmﬁ readershi p, the size of
each reader’ S ©ddel plraen@el Hab Bidp ngalied Mook sair aqhnes bidSddighdddogaehenbn, and
each reade t i net page
System al éﬂ&é@%‘ﬁ?ﬁ%&%ﬁ%ﬁ S R T T T AL S
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to be sol ghrfaiifeh @RBiEatibe) itiplcs thd rblSvaM@ldRisenteAE (& MERge ddGveame advertising
"slot" canzge sobd in var ying proportions to several advertisers, wth
eader &t o 5%5 random y receiving the advertisement of one
advertiser2.3i aidervetion Bilteriag | preserving the proportion of space sold to
each adverti ser I
directly to detalﬂgﬁﬂémgﬁ%Zulﬁ{(gle\()fﬁé&g rna%+§%§%ﬁ%%§%%%%%ﬁ%ﬁ%c asfﬁ&Qgﬁg
therefore Fﬁ@%@gm%ﬁmﬁFﬁ@¢WhS|c val ue of the advertising space. Because
personal i zati on @ﬁmmh&ﬁﬁ&¢ﬁﬁ&@@n are handl ed automatically by netpage
publication serveE%f dvert|S|ng aggregator can provide arbitrarily
broad coverage of” BSFH" 5@ I[R* and denographi cs. The subsequent
di saggregati on i ®nedtistgisent because it is automatic. This makes it nore
cost-effecyive for publishers to deal with advertising aggregators than to
directly capture advertising Even though the advertising aggregator is
taking a proportFBhCBWm&@W@rPf§lﬁ@h@@WbﬁUémmﬁHbP¢§ﬁ@W§mﬁﬁ§ ?ﬁﬂ #the change
prof i t - neudukdthiz4HOE AfbHiRatiH is nhitaigddde tR feld@hdt héddagdiMlicafonag@r.egat i on. The
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is used to correlate different users’ interests for the purposes of making recommendations. Although

there are benefits to maintaining a single collaborative filtering vector independently of any particular
publication, there are two reasons why it is more practical to maintain a separate vector for each
publication: there is likely to be more overlap between the vectors of subscribers to the same
publication than between those of subscribers to different publications; and a publication is likely to
want fo present ils users’ collaborative filtering vectors as part of the value of its brand, not to be
found elsewhere. Collaborative filtering vectors are therefore also maintained by the relevant netpage
publication server.

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

Presentation preferences, including those for quantities, dates and times, are likewise
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NPS038- SG 35 advertisenent in nmultiple publications. It is worth noting
that ad placenent in a netpage publication can be nore conplex than ad

pl acenent in the publication's traditional counterpart, because the
publication's advertising space is nore conplex. While ignoring the ful
conpl exities of negotiations between advertisers, advertising aggregators
and publishers, the preferred form of the netpage system provides sone
autonmated support for these negoti atisgns, including support for automated
auctions of advertising space. Automation is particularly desirable for

t he placement of advertisenents which generate small anounts of incone,
such as small or highly localized advertisenents. Once pl acenent has been
negot i at edglobalrad mggniegat be sapapeur es and edits the adverti sement and
records it on a @EélQ&%n&%ﬁ&EMﬁﬁg relfeQ b4 BSROAG NGLYg mtﬂla%s&ybdnﬁafa@tgﬂsr ecor ds

the ad pl acenent on rel evant” net page publication server.
net page pu‘ﬁlrﬂieéﬁtt"}’%?ﬁngs‘graili’é’fusm%ﬂ??sB’tl.lt’e“@%f’é H'f°c‘j‘§%‘f°n sich 35t gHh, geagr, ﬁi{i‘ﬁrai cati on,
it picks tMshﬁdo&v@Wesﬁﬁﬂ&lﬁiah&ﬂﬁf&;ﬂilﬁaﬂfzd’d@ﬂ%ﬁ%@sﬂﬁl&‘isﬂ@dj&g&dﬁﬁ@ﬁﬂ@fangez 3 USER

PROFI LES 2.3.1 Ilgfq}rlrratlon Filterin ea'll' e Pgr SO orma ?atlo of news and ot her

0S€ USEers who choo e t0 r of adverlis -
publications rel I'€s on an rtme User-Specr 11 ¢ prof P ™ nt'or mat i on,

i ncl udi ng: infopmptr @amlmﬂnqdulsrt @mrdwtmwageo@&l*hatmr |VEV én fthel gbean¢enef spelct or s

contact depRinafion, Q&v%%@ﬁgt &h b0 arg%@wh@ BERSF hb eens‘otg,%{,@mszo%aemt@&e sers
publication is t lfl cally publication-specific, and so the custom zation

i nf or mat i offt P2 A& ned by the rel evant netpage publication server. A
col | abor ati ve fi Eidknbenpe, it applicaioShrovidef addh@pldah isSasdigbd MOGmQinigae NuUnMber

of neve Tt 80Be! du ul SutBE L ARSOLIE A Sl LI SLERS N RSLS, el SIS, For he

pur poses o rec lons ugh e are

mai nt ai ni n‘@guaeSsﬁln%ﬂ é3 ew Z%B@rraslﬂiﬂv@nfnwppm|ang1b11ﬁé%t1aﬁ sneﬂdé@émﬂempﬂwaymof any
partl cul arprml@débhﬁ&%bliammts%ﬁeemﬁ&ﬁo?%hd&ﬁﬁsons why it is m)re practical to
maintain a separ&éﬁgHls tor eac ubllc tign: there i £|kely to be

nmore overlap bet 8 ®7E 8‘#@“@ ‘baélEP gt piggert $02. @ﬁﬁ"é PRRBIfEat i on
t han bet wedinw tdyos@be bf serb®ard ib Ench ubed h@l lafsihgle dafidult pridddr i |(a¢ a4)] to WBiph @ericlial

publ i cati ORphSednk K€ lMikRa bwgasuﬁt Onild &Ee‘? '}#—m&:& S SR are ﬁ&k’é‘éptg tlJn}éou d

filtering vectors as part e va ue o rand,
el sewher e. ﬂ”@éﬂhl“é‘%Fhﬁt‘ﬁe’(/’éW#ﬂc%rﬁﬁge%@@?frﬁéc@f@mﬁ%P@ﬁ%?@Sglhésd“‘hﬁizfﬁ ai ned by
the rel evapbrified pagers REbk proat | OFibERENIBEs notGeUdtdard DG bidiphiGiculdr padidiung nane,
street addiil:§5§feso%\!espﬂnecﬁ)dweﬂem 1sar£q1e.1iredcount ry, telephone
When a user subscribes 808 to a publication 807, the publisher 806 (i.e. application
provider 803) is authorized to print to a specified printer or the user’s default printer. This
authorization can be revoked at any time by the user. Each user may have several pens 801, but a pen
is specific to a single vser. If a user is authorized to use a particular printer, then that printer
recognizes any of the user’s pens.
The pen ID is used to locate the corresponding user profile maintained by a particular
netpage registration server, via the DNS in the usual way,
A Web terminal 809 can be authorized to print on a particular netpage printer, allowing
Web pages and netpage documents encountered during Web browsing to be conveniently printed on
the nearest netpage printer.
The netpage system can collect, on behalf of a printer provider, fees and commissions on
income earned through publications printed on the provider’s printers. Such income can include
advertising fees, click-through fees, e-commerce commissions, and transaction fees, If the printer is
owned by the user, then the user is the printer provider.

Each user also has a netpage account 820 which is used to accumulate micro-debits and

credits (such as those described in the preceding paragraph); contact details 815, including name,
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nunbers, are global by nature, and are mai ntained by a netpage registration
server. Presentation preferences, including those for quantities, dates and
times, are |ikew se NPS038-SG 36 gl obal and maintained in the same way. The
| ocal i zation of advertising relies on the locality indicated in the user's
contact details, while the targeting of advertising relies on personal
informati on such as date of birth, gender, marital status, incone,

prof ession, education, or qualitativesderivatives such as age range and

i ncone range. For those users who choose to reveal personal information for
advertising purposes, the information is nmaintained by the rel evant

net page registration server. In the absence of such information,

adverti si ngdrea pndyeleplangbas; glbdl peferast 816pMclidie dienpgielvetyiaod hediotivat ed W t h
the user’ SSGULQS atBrr nﬂbg""gf g@ﬂé%nc 'r:e@grﬁ's k'lsle conta%ﬁﬂﬁ thprlfsé?’ts eeﬁ%oéiﬁdto IB%,TI &ﬁ'%tk n

provi der and application 1 s assi fs own uniqg and t he
net page r RYPHABID Ao PTG %\lslll% a‘!‘?f@“?@)’%ﬁ'ﬁ%i’lp@etﬁﬂ%é# $Hem as
shown in gaindat @6 a2bunt?d2)] wABwEREH L ddmetOfayh@@icai YeatadOn pur poses, a publ i sher
is a spemg# Ki npa %frtaq_ |tl cation provider, and a publication is a speci al
kind of a |cat| on, ‘Each user 800 may be authorized to use any nunber of
printers 802 and nelaazh uggr cantomintainedylist 832| of Waenmites ket ugful dsemantstets. ose it .
Each user hasyAyslcReheTelay Ixﬁamgnwf,ﬁéle £,@t£m B dne ulePs WERLIE e lpelrgar@z% 6&d

publications are delivered efault, whilst pages printed on denmand are
del i ver ed Hgrepet f?ﬁeﬁt9%$apfeﬁmfd@ﬁb%ﬁ?eewft%h B s p gl At figfisThe ser ver
keeps trackd. of which publishers a user has authorized to print to the
user's def t p A publisher does not record the ID of any

parti cul ar?%‘%l nt Q,SP&gLﬂ nstead resolves the ID when it is required. \Wen
a user subscri be§h68®86monaaltqm§tﬂ higtatyi loh 9B0Fn stchersqisBichath emnt:80G ks ¢o

appl i cat i RounRh9 ¥k d8%kss@3 neluSer ArdulOhd FGflacl st M ordaBizdd 25 PE&LIrbeRM yR! | Nt er or
the user's default printer. This "authorization can be revoked at any tinme

by the usearpref‘Eﬁﬁﬁmlt?g’&emr?ﬁvh‘ﬂ’dwo‘?b‘f}@élﬁssﬂ’éﬁ%mQ@igmﬁat a pen is specific to
a single user. |INTELLGE®TPAGE Laydutori zed to use a particular printer, then

that printer of the u used
| ocate the correg}%gﬁ%ﬁ’ egpﬁ@eéanoﬁrsg T %u?r%aflﬁ%lpelﬁs Ouf)hge Babges Opea% [aed Snet page
regi st r at i Rspongliged giblicafipon dysctionsy-peption W@lsuéwlmovsaaglveﬂﬁemww ateetr ﬁv fvah o809 can

be aut hor i zefdBeddbdtaleOReyhrdiMcbd (ﬁ%e%&ge@%ﬂé@ﬂ%d:@ﬁhl@&@é’nﬁ al lowing Wb pages
and net page docmﬂ%nts =ncoungered duri ing to be conveniently

printed on the HNEAELTRLER s?ﬁl?%cta’épe a@ﬁ‘@dﬁﬁ\éﬁ e Vg WrRBRA T8 | ect, on
behal f of @ i{Dﬁ‘iidllhlafagQSWOﬂlhdb:rs,ecti)melsd dndd temrhlggitonspis thisNTiemigotdn e d

through pulld.6ah [ORSmRd BUEte MsdisEa RERYH AT adSerlids MRS suckdSPadildGQITe can

i ncl ude

for roofing material specifically within the publication because of a special feature on do-it-yourself
roofing repairs.

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

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

25 DOCUMENT FORMAT
Once the document is laid out, it is encoded for efficient distribution and persistent storage
- on the netpage network,

The primary efficiency mechanism is the separation of information specific to a single

user’s edition and information shared between multiple users’ editions. The specific information

consists of the page layout. The shared information consists of the objects to which the page layout
NPS038-5G



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 name, NPS038-SG
37 address and tel ephone nunbers; gl obal preferences 816, i ncluding
privacy, delivery and |ocalization sefgtings; any nunber of bionetric
records 817, containing the user's encoded signature 818, fingerprint 819
etc; a handwiting nodel 819 automatically maintained by the system and
SET paynent card accounts 821 with which e-conmerce paynents can be made.
2. 3. 2 Fav orfetsgigelyding imafesngtppmeg endygeees of @xt. mai ntain a |ist 922 of "favorites”
- links {0 usefuly ARG BB iPiRELAAGE HBLIRRLE MY bhitlael S

nalntalnedg@X the system on user's I's organi zed as a

hi erarchy M d’Plﬂ%Fhé E@‘?ZﬂflbleaStﬂF%?eéH’}g%e ook Herrevids PWPFF"C‘F?“F% O¥HAHh i n the

ﬁ | ass di lagfoﬁ]iﬁttiugl inkdép@htely of the ;é’gaoa ua% kihisli 06 Yext is SéinglRE vmss tnarhik BRé RibALHS A
istory list eha inin cunents etc.

accessed b?nwe%%ﬁserp¥ﬁp % ﬁ% “hé L%égmgﬁé gm%%cmﬂsa)e ??gﬁm%% a

dat e- order@@ﬂ#ms#mdm@w@k@h&hm@dn@mb@dwwmhpmmﬁqﬁﬁrmﬂmms shomn in the class

di agram i n_Fi gur a42uc S LTEL bl RGN inRRGRs6AYAT, J05,08 L ARAS.BHRL Cat | on

server automatically | ays out the pages of each user's personalized

publ i cat i ofi™5h Agraplit phigshenpRie %"’9785‘@ B’asaci‘l@’le@“i‘ib%fal?ﬁfé{své}d\?é‘?@cﬁ senents are in
the formof pr e;rﬁ@myasamtsaﬂcomoﬁragéresofpuahelymageancpgrwdbjecms tifked pagev bef or e
the editor verdis r.at i secti o n be achi eved
w thowi | RS i t0F, SRS e b n? ol e Rl Ref B e
section, afierml r%dm# dpeatayeit gbiedts ensenopiigddtis Tahie 3. THFH@omllg@rq ¢ormmck s
conflguredmgﬁh@&&ﬁﬁagﬁkgmqg&%gggggsg sely tied editorial and advertising
content, such as placing ads for roofing material specifically within the
publlcatlon because of a special feature on do-it-yourself roofing
repairs. The editorial content selected for the user, including text and
associ ated i mages and graphics, is then laid out according to various
aesthetic rules. The entire process, including the selection of ads and the
selection of editorial content, nmnust be iterated once the |ayout has
converged, to attenpt to nore closely achieve the user's stated section
size preference. The section size preference can, however, be matched on
average over tinme, allow ng significant day-to-day variations.
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2.5 DOCUMENT FORMAT Once the document is laid out, it is encoded for
efficient distribution and persistent storage on the netpage network. The
primary efficiency mechanismis the separation of information specific to a
single wuser's edition and information shared between nultiple users’
editions. The specific information consists of the page |ayout. The shared
informati on consists of the objects to which the page | ayout NPSO38-SG 38
refers, including imges, graphics, and pieces of text. A text object
contains fully-formatted text represented in the Extensible Markup Language
(XM.) using the Extensible Stylesheet Language (XSL). XSL provides precise
control over text formatting independently of the region into which the
text is being set, which in this case is being provided by the |layout. The
text objec ' gggﬁ anguage codes to enable automatic

transla{i iﬂﬁgﬂhﬁ%%%gﬁﬁgd hy%ﬁina?i g hints to ajd w th paragraph
formattingd. k@Ydutage obj eMiribiiicodes jan Fermgeofin [ he JPEG 2000 wavel et - based
conpressed i ipa@et flormat. A graphic |objfked ogjesodes a 2D graphic in Scal able
Vector G gphi - ; j onsists of a series of

pl aced i 98nd gr[apti° objects, lijhked textfl ow objects through which
text objedts flow, [mgaeobjechs andilwmﬁGtmmlds as descri bed above, and

wat er mar kd‘GF‘é FETS: Ié?gﬁﬁ)?ol ayout—opj gt S—are—Ssufmr | zed in Table 3. The

| ayout usqgs conp rmat suitable for efficlient distribution and

st orage. NPS038- SG @®priabbiectd) Net pa§¥Gl ayout obj ects Layout

Attri buteR ! b j tion I mage object |DPEG
2000 GraphicPositi op—-Gaphic obiect 1 DVG extflowextflow I D Zone Opti onal
text objedt | DMLI XSF°WByperlinkType [
Optional text object ID XML/XSL

Hyperlink Type -

Zone -

Application ID, etc. -

Field Type -

Meaning -

Zone -

Watermark  [Zone .

26 DoCcUMENT 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 channei 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
cach user’s layouts to that user’s printer via the appropriate page server, and when the pointcasting is
complete, multicasts the shared content on the specified channels. After receiving its pointcast, each
page server and printer subscribes to the multicast channels specified in the page layouts. During the
multicasts, each page server and printer extracts from the multicast streams those objects referred to

by its page layouts. The page servers persistently archive the received page layouts and shared
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Zone- Application ID, etc. FieldType Meani ng one atermarkone 2.6 DOCUVENT
DI STRI BUTI ON As descri bed above, for purposes of efficient distribution and
persi stent storage on the netpage network, a user-specific page |ayout is
separated fromthe shared objects to which it refers. Wen a subscribed
publication is ready to be distributed, the netpage publication server
allocates, with the help of the netpage ID server 12, a unique |ID for each
page, page instance, docunment, and dggunment instance. The server conputes
a set of optimzed 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 nmulticast channels which will carry the shared content used
by that | aspotgat. The server then pointcasts each user's layouts to that

user's printer Vipgeedt aktﬁm@pk% QRLieALR 1l ADEctsSE WHER its ;ﬁ@@rayéﬁﬂﬁ Regdy! hee ;QﬂtePIeC asting
is conplete, nulticasts the shared content on the specified channels.

Aft er rece?VFﬁ& ﬁ#&p%ﬁ?ﬁ?E%@ﬁmmgﬁkﬁﬂﬁﬁﬁd@”§ﬁﬁﬁer and printer subscribes to

the nul ticast Chﬁ]ﬂdbeh&mslpﬁﬁtlnfstaﬁds ithe }:fnhter ]ﬁ'ﬁthJaéane@Hﬁ tan (B¥Y dai Ge Hﬁhl@ered

nulticastsASeach ga servyer and pr er extyacts
SUming a guapcr 0 ?C

streans t hose Cﬁ)] elp dS (f‘OV TE ages G avFra%?d)a%enﬁas Tﬁlzenly 1ess gl

page servers
per si st ent‘iOQK&rBhimeteltmﬂﬁef@@i hpkcin p&gﬁé Of é@ﬂcﬁuthspaaqqdn Bhiaterg]l MMBEB8108G 40

content. QieRmnd f&rttnqﬁoﬁary RRSrs [RC @hevmteabhmt Etea rater o@%tépgge pme&bd Ifhi jpage

| ayouts refer, the ? er re- creates the fril ul ated | ayout and then
rast eri zes*@geBbioi4h ?rtabO“E}M@ of BR$F et PE F?‘&’ﬁﬁﬂf%r‘?@@? o the highssiipRertedy i nt s
pages f ast @t of faandatalieliveyarer berosibindviewed. Assunmi ng a quarter of each page

|s covered with LpRGE rabmﬁar% &&%’r%es%%as%&fgeo&in%? foud o?g H?%“ #OOKB.

The printer can theretor In extess o page Its tnternal
64MB menor §at thegiir sl brgle i roplenish diearnpr tyarly bafae de printerly éo%wagwemalproram s at a
rate of on@m@gg@amgﬁmgecond This is equivalent to 400KB or about 3Moit of

page data per second, i is simlar to t t expected ate of
Pooe dat a fel i veromvelt s PGB "REeWOPR Mg H s ebBIdE bl
Ci r cunst anogs psesfie muliisastwhenit fiseocpurs. Mheeretpragipsblivation efvepgrefvre alldws psnidss kel y
that the ug&[py JehueQQfoﬁpé ;ﬁtrﬁcgsé R Dlcilal QELAAN AR AP Ve RELOL Gt P

printer's 100-pagé I ntern st orage
occurs, the server re-multicasts the correspondmg 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.
27 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, # is not personalized, and it is
delivered via a designated netpage formatting server which reformats it as a netpage document. A
netpage formatting server is a special instance of a netpage publication server. The netpage formatting
server has knowledge of various Internet document formats, including Adobe’s Portable Document
Format (PDF), and Hypertext Markup Language (HTML). 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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capacity is exhausted. However, if the printer's internal nenory does fil
up, then the printer will be unable to nake use of a nmulticast when it
first occurs. The netpage publication server therefore allows printers to
submt requests for re-nulticasts. Wien a critical nunber of requests is
received or a tineout occurs, the server re-nmulticasts the corresponding
shared objects. Once a docunent is printed, a printer can produce an exact
duplicate at any tinme by retrieving is§s page |ayouts and contents fromthe
rel evant page server. 2.7 ON-DEMAND DOCUMENTS When a net page docunent is
requested on demand, it can be personalized and delivered in nuch the sane
way as a periodical. However, since there is no shared content, delivery is
made direttly t8EQUREYrequesting printer without the use of nmulticast. Wen
a non-net page dogpyBBérApRy I €quested on demand, it is not personalized, and
it is delivered via a de5|%nated net page formattin erver whi ch reformats
it as a netpage HBEGEERY s uRd hREpiErhREsif6 IRRRt oMol érslreec i inraspietidt

i nstance ofuthantit@d RagetopUiahshaiod. ke aeﬁ»é&rassesTdieryﬁtegr@agﬁ; WidEgiRl bdeN@eretser ver

has know e of v r rnet doc r mat nclu ng, Adob
Port abl e &)g or na?“bz]b%?) crypmr%f‘pﬁ&peft’ée FENVAT 015 angﬁhagle?ssﬁ-f?ﬁm) I n
t he case oﬁnkﬁm@w it can nmake use of the higher resolutlon of the printed

page to present mr&t.ia@g%ogrsw ar;yle%em@zglawmmms Bograph Cﬁ Bedind @Bl gy «of

contents. It can_ automati cal i ncl ude_al pages rectly [inked to the
request ed PERE. aﬂdrﬁ@rm%fﬂcssega QPppgtieg msg%éﬂh%wlraa%e lxﬁssagea IStHrel (A AREE 1 The
net page fO%ﬁmﬂﬁmﬂgmﬁﬁkw&kﬂﬁﬁkes standard net page behaV|or i ncl udi ng

interactivity a [sistence on any lnotern ocunent ., no
i ter what |t s DRUEELS RERERy SUOIRAR G0 20 flndell SRS HEF
docunent faveminion kdyp. ghe tyotkhystabpamathemplisgly relatpdnin elrch amay thif@nyyaespragenc server,

and hi des dgmgmeagg@anqmym@ec%&pm &mﬁ@fd@mmpk@@r@aﬁﬁ §ubhme§%§e SG 41 3

SECURI TY CRYPTOCGRAP tography is used to ensi
i nf or mat i of¢ °“E5’6ts °Rt Rt %@g“éﬁﬁ ﬁg 1P HIEPTAY Qfeet 8‘“‘%&? ?‘?lgeéf)é&wpartl es
to a tranaaﬁnehﬁ(hﬁhamemedem@wn;mMa&mesn@ﬁqﬁmypmbgwaaﬂwahmmgmkmwmead use:

secret - keﬁé %Xs%QQ W BRPY ﬁ% Yo bRE QM BRARY 10 ¢ %t c?egﬁ net wor K
e P Iy

uses both classes cryptogra cret-key cryptogra eferred
to as symrEtfEe té?‘%tpﬁbﬁ“dﬁh? Se%}@e“sls tpfesaldfarfhe Joligr qf dhe PéY?é"rlS?bto 8&%‘%‘@% rypt a
message. Tappfaarties w shing to exchange nmessages nust first arrange to
securely exchan gﬁublilgl?eyscreygtggergphlé g% ‘be used to create a digital signature. The holder of the private
key can create a known hash of a message and then encrypt the hash using the private key. Anyone
can then verify that the encrypted hash constitutes the “signature” of the holder of the privaie 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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Publ i c-key cryptography, also referred to as asymmetric cryptography, uses
two encryption keys. The two keys are mathematically related in such a way
that any nessage encrypted using one key can only be decrypted using the
ot her key. One of these keys is then published, while the other is kept
private. The public key is used to encrypt any nessage intended for the

hol der of the private key. Once encrypted using the public key, a nessage
can only be decrypted using the privatge key. Thus two parties can securely
exchange nmessages without first having to exchange a secret key. To ensure
that the private key is secure, it is normal for the holder of the private
key to generate the key pair. Public-key cryptography can be used to
create a digital Insihgrfaltowing. disfizeioh) oVhee refgénct liremplei v athe seclre \tragatission @fit € a
known has hmfaf-maao%%@;gaene%@& pﬁqﬁ@{‘anﬁ*gg&%?twhhmémhﬁﬂbp% ot WG HARE KEY-

Anyone can then verify t encr constitutes the "signature"
of the hol Befervers weridcas: ?%ft@atﬁségﬂv% rﬁfFremF sprecrifieal authert yaee {1 ediliakeynessage

by decr yptdxﬂgnéeh@y BNGd $epticde Basdhalds bR BeSsiddUBY with 16e YerdA dny/ @Ed dsyd g  t he
hash agai nst a ure s .app nded t ssage, t hen

e. nat t he
the reci pi &AL Sesfm?ﬁeé’%o gm?fgt t{“:’em‘g’cqsaa ¥ ‘a/a%rlg Y Bot btyha 1% ng?gﬁ'@aérggs Yenui ne
and t hat ishorhEfstimeot been altered in tranS|t To make public-key

cryptograpfly Wor QerpaBEp@nERSELGRRE @ Way to distribute public keys which
prevents inpersonation. This is nornally done using certificates and

certificate aut hEfP{Ppteage prgter isassigngd apair of upinpidpqtifigrs ptdimg of pmapufagtere Pk o party
whi ch aut headdrasih @8d-bienGane tk pimer et e Retgedrdfibtiatonkayer dasbdseSTHIGRNE' S

dentity. P8 #5ukl LiCabe AHLIRL AN E LT LER A NS, RERSAL SR LL, Y
certlflcat@ﬂ@@ﬁﬂamﬂnhgrmhes@@ﬂﬁmﬁmﬁon@emﬁmry details and public key.

Anyone who trust fWhEﬁ"ﬁe Sﬁft&'cgﬂn&%t@ ﬂ@LHeQSHe n'%%oﬂ‘cef& th'esﬁnrstttﬁ% a@%éte@latl&ﬁ)’:t in the
ee of certainty t nui ne. They j ust

tificate with a e
ﬁgie' t Iocve‘ir‘f"‘fess/a f‘ﬁ’é’f.'“"*tf’ﬁ'g“’/@%?’%kﬂ watléﬁﬂ%fsl%a@&a%@é Hle P%h?‘@ﬁ R Y Ehe
certifi catetpagstrépisratiop servbh) AEsefyertthingards e sécfet Wedghingk the yaiter'k sbcmrectofdams action
envi ronmeng g, gBALQ lel G ‘%&X &Y Pe%ﬁ%%mxhe' Bs QLY n%ﬁe%dcrﬁtg{as gnd%%ﬁs &;gtea'
ex ecr et

signatures an secur ely ange secret session
crypt ogr apieytaipigg (ecprinfenp palic 1t prdr pubjiny Flg@@@skemmsw@ess@e Aortifigptet hethcf ol | owi ng
di scussi onggisagsy daedagd ence is made to the secure transm ssion of

i nformation betm&gn a ne%% rinter and @.serv what tuallé happens
is that the print&t"BRCIFETEP FEEERAP gl étFta‘f“F"r“E’aff’re““’tpé%itPH‘étﬁ? W Es it
wi t h ref erlengeest © s¢cheeintoenatiof dllowiteit @utifppitey idenises t he public key- exchange

key in the certi el Gt &bs%éﬁe@@o”ﬂﬁubﬁcaﬁ&cE%co;ﬁ‘?é&éa% K BY bl e%@&ﬁ&?r ver,

and then uses the secret session key to encrypt the nessa

sessi on keyvernptaprss pfiofizipgthe e%shﬁravé*ﬂatrﬂleampwcaw |ﬂg¢ usgfho"lﬁﬁau& Pt Pk, 3. 2
NETPAGE PRipditRp&itécliRkd document sent to a printer via a page server is addressed to a particular user

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

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

Each netpage pen is assigned a unique identifier at time of manufacture which is stored in
read-only memory in the pen and in the netpage registration server database. The pen ID 61 uniquely
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 per communicates with a printer via a radio frequency signal whenever it is within
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Each netpage printer is assigned a pair of unique identifiers at tinme of
manuf acture which are stored in read-only nenory in the printer and in the
net page regi stration server database. The first |ID 62 is public and
uniquely identifies the printer on the netpage network. The second ID is
secret and is used when the printer is first registered on the network.
When the printer connects to the netpage network for the first tine after
installation, it <creates a signature gublic/private key pair. It transnmts
the secret ID and the public key securely to the netpage registration
server. The server conpares the secret |ID against the printer's secret ID
recorded in its database, and accepts the registration if the IDs match.
It then creered temdnsi Gne apoend pilitg ategegitanit Genieadarly kechpre sam lsypubl ic 1D

and publ i CyRligRAtHd HEn KR YmitsARITHOGL 8 Jridfer, 4R alehdl iGAL Qb chdMpred G L Fation
dat abase. The net page registration server acts as a certificate authority

for net pag@PPPTAREPE kayj igiisl ik is npygidragiptied i thegledlecr et i nformation al | owi ng
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the publ i S(Ecg?s ats'eSSlOn igerYtthteﬁ“m’B P]mow %dexe‘% k€ ED ugsoglr g adl afaul gl??m :r)erslgﬁ er or a
speci fi ed @piciy for SeSSEvém agfbwill freget 2 sesivn kwomaiepatﬁq@ﬂy-usw Besinif pepearser ver i s

addressed to a pafikh gyéﬁomm&mIa.sgdof%&h@ﬂﬁéipetammtepulbdobémém&awg the
publisher's private si gnatur page server verifies, via

regi strati v Gt aharsk tey dpget ]‘?Weeaﬁl%tfef éhﬁ’éPhe pntes determiops dgtherdt ‘ﬂ%‘PR‘W’é‘I“’ t he
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using the | t I Lo p

cor 11 cat B BBl ke Bloal Al BT elE bR deS0BmE o o 0
server accEpttgtiongysedyresIithe partet ipit rrmni ﬁqéﬂl%filmﬁu theatitiagines viith the e to gparabase, so

I30 gg NE'SI' F)tA gig&gllz %@ﬁhﬂ%ﬁ:ﬁg{égﬁ%ﬁ EEcHa.t@h]E bt R iV fndt ﬁeaesrt@gégﬁgﬁroﬁgméeeur& hecI pr It n]E er.

a e en is assigped a ue identifier
at tinme of manuf ‘é“tWﬁ? lh‘irg 'é%)’?f‘gé‘a’%imﬁ“el“@glﬁ @%F ﬁgﬂﬁ/ﬁi"ﬁxﬁhﬂ’é@ pen and
i n the netlpageasegradadat itpmepegevegistadtnadasredatabsie apéme HDnbiifacnre. quiehy
I dentifies. [igiaehe 3t &JﬂﬁmQ%Bﬁgﬁ tﬁ%{e‘%ﬁﬁt& arfd th rB%Q anBﬁiE‘. tﬁe nf'f'éb%é

nunber of netpage prl nters print can ens. A
pen conmuni*Paessifridt savpr Th?tS@wef\&e@raé?SM@FF@l quéefuhmwtes P’g‘rP&F ‘%ﬁ@ er it is

Wit hin NP203dy Sl ﬂfea&g&l el th&‘prﬂfel‘ M aBb tradshieh oapmmleamoﬂq{ey McBpiedl €

regi stere they r rl e sessi ve he n
transmits \g]mtl;' KEPS E‘%’IEX%ME‘%}% prir ﬁ’g torefﬁlaseﬁﬁlcgq%%ﬁmefnvﬁ' e Qe@uypt ed
using the wdppﬁmmthfa@emmqsmmkdyetythe PingThe atn stads thesessieniey mterralilss md¢xeed in the
clear. A pgh 89 a session key for every printer it knows, indexed by
printer 1D and a£r| nter stores a session key for every pen it knows,

i ndexed by pen | BPopgt HaliRerean inppsisepate g g i thi peogesistrggionpratocol, 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 automaticaily 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.

3.4 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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capacity for session keys, and will forget a session key on a

| east-recently-used basis if necessary. Wien a pen cones within range of a
printer, the pen and printer discover whether they know each other. If
they don't know each other, then the printer determ nes whether it is
supposed to know the pen. This m ght be, for exanple, because the pen
belongs to a user who is registered to use the printer. If the printer is
meant to know the pen but doesn't, thgg it initiates the automatic pen

regi stration procedure. If the printer isn't neant to know the pen, then it
agrees with the pen to ignore it until the pen is placed in a charging
cup, at which tinme it initiates the registration procedure. In addition to
its public™eEmaliecgpencidiores Pek-t-sdangs chey mixohangeavaleayark ddiens kbiyk exchange

key is al sQikRCAhdestinlel TREBLLRARE §s60nSliahd An %gewatesﬂﬁa&mgﬁ& @ time of
manuf acture. During registratign, the pen transmts its Dto the
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server. Theresgigiingesmesat es a session key for the printer and pen to use,
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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 MOBEL
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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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 normal means. Pages of secure docunents cannot be
copied using the built-in netpage copy nechani sm described in Section 1.9
above. This extends to copying netpages on netpage-aware photocopiers.
Secure docunents are typically generated as part of e-comerce
transactions. They can therefore inclugde the user's photograph which was
captured when the user registered bionetric information with the netpage
regi stration server, as described in Section 2. \Wen presented with a
secure netpage docunent, the recipient can verify its authenticity by
request i ngregistetiay dtaiiswithnihe fael ismaab appeopriatd hed venfigguencrdianti$ registegoudegild ocunent
is only valjutnf Quitchs apbl’olgrﬁ{el ERaildert BR HPGMIEMre mBPRs d;%&f&%ﬁvafé%ﬂdﬁﬁé‘t | Ds
are all ocated non- contlguous prevent their ction
oppor t uni sEPTSFBTHEY ﬁ@“@ﬁ@@ﬁ%ﬁ?”W§F§ﬁ?ﬁﬁ?ﬂ@ﬁmﬁ@ﬁ“@éﬁ”ﬁ@mﬁéveloped
with buil tauﬁbmciteeﬂhaﬁh aﬂi’baﬁdﬂd’ldef* Ia.ﬁl:ﬁb infiidnticad: thih 8oth toGheHehRRON ghteRFS Y
poi nt - of - present yrent cat i qn. Cl ear nei t her the t er mar k
nor the user's DEET%S rn& Bfﬁt ae.?}:leado Jeiyr %art ar ecause car 5d¥1hmamtenanceo key V\gy Si rrpl y
provi de a etitfieitdsi is cpapsidgted tbatsibleometa Ictersmablutiom gémbr me@rtﬁm wedlbien eymtand
verificati QRificar@h b et Al bivie HSIaRBlo1ger ¥REsS ih ggafsg“safa h@&é@m Ri¥hi&s.a4n added
| evel of securlt mhere it is needed, but is stil not entirely immne to
forgeries.*3.5 TREMBNIATI ON I n t he net page systen1 forms submitted by
users are deli venete fieflageabiiam hoOnd@idBeituandlsaws actamch ppix@ fP eehbipize blet y
archlved o) t r is therefore inpossible for recipients
repudld:jlf’rt]'hee Bﬁgﬁkgﬁgﬁg%coﬁﬁgéggmggynents made through the system as
descrl bed i n SectThorstrage sgsteen ugdsdismetripyio swlehticate thguser pnd apthgrse SErayoesdi at e. 4

ELECTRONI G3&AMMERGErerMlpE badkd; lthéﬁ&%é%uéhﬁ%w Gn- TRANRMed LastfnSErkime NE
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term nol ogy. niQWRVER i fem,] s independent of the type of
accounts belﬁg use GQM%E Q&EErgﬁa%%Ers and nerchants register with a
certificate authdhdiir sismi baipgatileys make SKTPRYmegls fst fopisterthecise 6 MORPIHE W t hei r
public si gtnaﬁaqfage é@¥Stion bi€er CRYstid ddn€ ata@omttlidmbitoymM fbrfck Apleh tﬁ&r Ghed der' s
\slgrsﬁlsegcaaél??% rP% %S_l% r Ste :9%)311’ gtﬁ& %& S%@Wtalté{] aétﬂirx]eeuse(::rasrl entlt}sr SISuVeGII:IﬁG Thaé 101116 rGIISa t e and

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 neipage 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.

4.3 MICRO-PAYMENTS

The netpage system includes a mechanism for micro-payments, to allow the user io 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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with the acquirer as appropriate. Cardholders and nerchants store their
respective private signature Kkeys securely on their conputers. During the
paynent process, these certificates are used to nmutually authenticate a
mer chant and cardhol der, and to authenticate themboth to the paynent
gateway. SET has not yet been adopted wi dely, partly because cardhol der

mai nt enance of keys and certificates is considered burdensone. Interim
sol utions whi ch maintain cardhol der kegys and certificates on a server and
gi ve the cardhol der access via a password have net with sone success. 4.2
SET PAYMENTS I n the netpage systemthe netpage registration server acts as
a proxy for the netpage user (i.e. the cardholder) in SET paynent

t ransact i osgregafhenirepgyages. ys bemecges a biapmet oh @ gedular basishawtcarc ttle ahhe user
and authoraﬁﬁmﬁﬁ;hgﬁ%gﬁggﬁmﬂgﬁﬁﬁ&@ﬁ@$&Wh§M§$$nl|s pen-based, the bionetric

used is the user s on-line signature, consisting of time- varying pen

posi tion and pr e38sfewvorkecqopnt ganrbe extspdedyp apgreraty sebsgrinionfessdor periodisdly whigh |
desi gni ng would memamsasepra@&awmd WRéren thd@rmpeindivakdl Bagdnsat a hi gher cost.
The type of ,bi oMLl cﬁgd only affects the capture of the bionetric, not
t he authorlzatlon aspec S of the system The first step to being able to
make SET paynent Vhersa vser re@gitsst isipageliea pret@nlasaphlicative teritest, i tpplicatibreis pléd¢ page

registrat ugremﬁe%ravlggmpemb BankRti QPG5 | s ifkhépdE @LﬂSQJuLIﬁ ﬁ&m\&wge RIS is hidkg €Xampl e

a bank, where bi oetric can be captured at t sanme time ast e user's
i dentity i¥thbg frafl%aétum 1B:3ad ¢ epmliqetionds ihgfebYéEﬂﬁfwtéalslawp@mﬂa@ domiat forbe
regi strat i wersdghabase, |inked to the user's record. The user's photograph

is also optiona ture an d.to the re The SET .car dhol der
registration pr Oyehés & occ ég ad)ag ehdch 1?1not user—fﬁeftgc %owevervgl{aep I %nat ure key

and certi fieshese ﬂnrveerstu@ﬁ@ddﬁﬂwy tchestablish abenteat. ATecal @ﬁsremlé glwpwy rasiing iemy d

i nfornmati ofont §p@p§ﬁe§&aﬁfo§gagegd ik BGrd %ﬂ%ﬁ@ﬂﬂg cdi’te g!‘oﬁ;r(gt&'g e UseP Epikady, enough
information to act as @Ser I n any rT'ent transaCtI on. \Wen

;
the user ePERED e|“§;“l“§&be¢3¥'? @?W°E‘FB‘?‘¥?‘%W“PB“?§8WP@§%”& iatRnsE s s 19 of

exanpl e byprewitgificrgt agpliatop pgedas than eafilyrcmireldting infiperdtely acetulde] byhavibAnNS M t S
the order jipformation, the pen ID and the bionetric data to the netpage
regi stration server. The server verifies the bionetric with respect to the
user identified BYe temaseFegstpton sget Msicarhmeipfelps Wrpnenymeusgelatiopghip hyisietnsa pr oxy i n

conpl et ngus&rh@d aSEi[phca@mwﬁm(;ue s asss, ﬁb@hovﬂl @FIMIWAXMEM RerHofaRed page
systemln 12% geﬁlﬂg]i[usmtfo m.Cr o- nent s, aksl ow t he user, to be
conveni ent y{}er segEd” BFY ﬁrf T B agcdi?ﬁ%ﬁ‘?’é’?ftaé O CHRREFESEH f or

copyi ng copyertghinsiatd g asveartia appinaiop TS &4, pkgtheawilotht pendDI6dwintd realissiBrost 0 be

re nbursedrﬁegﬁasﬁm%&@mm%u%ﬁgempgpbﬁ&;ﬁoﬂg advertising material. The
| atter depends on the |evel subsi dy already provided to the user. \Wen

the user registef® ﬁPB‘fca‘émd‘E?Haﬁ‘Eﬁs élate inforpatiopdpdgxed b alins D4 wd Esblse reissdl whi ch
NPS038- SG user-specific state 1Enformat10n without knowledge of the global identity of the user.

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

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

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

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

of publication,
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46 aggregates mcro-paynents. The user receives a statenent on a regul ar
basis, and can settle any outstanding debit bal ance using the standard
paynent mechani sm The network account can be extended to aggregate
subscription fees for periodicals, which would also otherw se be presented
to the user in the formof individual statenents. 4.4 TRANSACTI ONS Wen a
user requests a netpage in a particular application context, the
application is able to enbed a user-gpecific transaction ID 55 in the
page. Subsequent input through the page is tagged wth the transaction |ID,
and the application is thereby able to establish an appropriate context for
the wuser's input. Wen input occurs through a page which is not

user - speci4fc, hBERoPREE DESCRIPAPNE ANDAOPHRIGHTNUSt use t he user's uni que
identity to est ang,kaépre@engbgﬁx;ﬂaﬁbfaréoﬁrye%&%mﬁémia mmmw%m%ng i tens

froma pre-printed catal og page to the user's virfual "shopping cart”. To
protect the user E&hdpquyeptgnd corignbphjestmayibp desgrivpdRreong erahorq F5OWee depamient o t he
net page SysikeResdutce aatn;ﬂm ukeg&doﬁbﬂn Efp Ine@@ita dbfnt sdkifichiiSdebifhed RY fROIEAE

di fferent e%fég' I Cgf_t electr I‘ OVI d bliln rqo?earsnletlat}gtacgor el a I {1119 Wé’lﬁe&e&gg@ﬂg ! y

accunmul at ehaVi of al TRE e page TegiStrat Ion server fead
mai nt ai ns (éﬂmoawmwn%ew@eéﬁmgmwhfpmmh@@ﬁ) a user and an application via

a uni que alias | R&@8urccaRsciftRiha) Redatydith® holdbrs D EREUE agd HEerklSRImaAGHY VAL €S
hyper | i nk tag%ed wth the "re |stered attribute, the nétpage page server

asks the Yyeoryrishitecs from pesy To rights hlders ven ‘r‘safﬁgfll‘éf‘é’y‘t’ﬂk}bc"&‘?g ‘oci at ed
application ID GGommlmg:stanstmboﬂshe pen | D 61, into an alias ID 65. The

alias IDis then h erlin icati Thea |ication
A% %@gs pan Sti R
mai ntai ns state 1 n or ne |°on£r|8tﬁé ggee 5 Ordfre af?%Ofme SEg C‘B’Ieen efl(l)“egr)e ri eve

user - specithé eetpggeatyeienh, ehi@icnsich expend. mmm aﬂéﬂmredtglee ofet Pﬁ@ﬁgddabmcoliscﬂient ity of

t he user. C'Elsiﬁmaveﬁhﬁﬁﬂlsﬂis&gu@@h&tva{hm@napagggg@gendent certificate and private
signature key fo us ications, to allowit to sjgn

e
application tr ané%?gtplmé?fgl rfﬁl‘ﬁgﬂ?fl by HT“PP%% Spugpe diagrap i igh the horizontal
appl i cat i clim@pecisfubad to Ppescmaihésepe Idoaglabd EiticklnBmayiat 8 M3ed Mo fepradehingnepr oduct

bar code (éd'é’@nuw Pﬁelsén{élf" FeLlNal %o%&mgttﬁ%ena%ﬁﬁ t%E“an%ﬁ&g 2AReifh LAYRI 1 L e

application on e user any nu types. Each
appl i cat i JFPTFentias GotFle ebhfntit: Rinnaplincaer e dld e is almn ftfalasiods t em

Mai Nt ai NS &8 DuAEE AL khe alrbnthgenahtiveqﬁe maﬁhlsamlnlagaaduexe 1Y, BYkie the plto&cad low it
to credit and, debi t

th rOVId r_click- t h fees etc.
appl i cat i SHBFSY PG ee?o (o 3153 °r§e§ "ﬁ%ﬁﬁgge%?s abeegf’febag?@ﬁfh"gﬁfﬁ%? ?St?ﬁam‘(‘?’ont ent .
The syst emempse@mrt@g)abheam(wl s wllingness to receive the subscribed
publicatiofy as ¥gHskrBfod PEVREPBEdBEol F €quency of publication.

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

A large number of users may subscribe io 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 1 51 for each document from an
1D server 12. It then sends each document structure, including its document ID and page descriptions,
to the page server 10 responsible for the document’s newly allocated ID. It includes its own
application ID 64, the subscriber’s alias ID 65, and the relevant set of multicast channel names. It
signs the message using its private signature key,

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

The application’s certificate allows the page server to verify the message signature. The
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NPS038- SG 47 4.5 RESOURCE DESCRI PTI ONS AND COPYRI GHT A preferred enbodi nent
of a resource description class diagramis shown in Figure 40. Each
docunent and content object may be descri bed by one or nore resource
descriptions 842. Resource descriptions use the Dublin Core netadata

el ement set, which is designed to facilitate discovery of electronic
resources. Dublin Core netadata conforns to the Wrld Wde Wb Consortium
(MBC) Resource Description Framework (48DF). A resource description may
identify rights holders 920. The netpage systemautomatically transfers
copyright fees fromusers to rights holders when users print copyright
content. 5 COVMMUNI CATI ONS PROTOCOLS A communi cati ons protocol defines an
order ed explsasgerofques dsheegistadonvenrr et the application 1D pivkelipeiDplagetogsfist em
entities syghnasuR&RSndeki Nters and servers utilise a set of defined
protocols to "cogperatively handl e user interaction with the netpage
system Each prot'8toee sgver fhpdliopatgs dgeupignt\iad pags ingfanse Hepeid drviirdighaPaet n whi ch
the horiz Odlb'rsnﬂfptlonﬁllulimﬂﬁg PipeilBs 105 @Chd Frinfef I RARIE thOBRESaE St b OWi0add dhabdee

verti cal nsipn is used L0 represent time. Each entity is represented
by a rectang e cont al ni ng[i?le nane of the entity and a vertical colum
representing thelttieh gfiryéhegiwly HiscatadwpgeyDs tDibe prpheatiorefor fitnee refimenent i ty  exi st s,

the lifeline is shows %h&tlﬂﬁ&b@gmbﬁtédnﬁl ot Lo adagn&h&umu@aematﬁe Sbdciifel’ | S
active, the lifeline is shown as a double |ine. Because the protocols

consi der ed*fEFEPRES 6 herledreragt Se’a'éré’t‘tr‘ﬁ‘i}“"é?t& the yageus S‘i"is“’ftse‘fflﬂﬁ’égméir‘@eﬁ%ner ally
cut short @shs@eibusls sefate®nbliidayt chaafisBeh page Pakeisiatd PRl nofitcathpapk@aat . 5. 1
SUBSCRI PTI rgmuggl'c}nm @ngg% Qx';'e%f égn?ibjgc@qgeyr@ enogbleatOSUb%a?er éhp tion
delivery protocol Is Shown 1 n g?u e nunber of "UsSers may

subscri be rrevigustpaeintesd; de@mwwruc&aﬂih@ rqHO“EéP@mam@rrmsto edi coinpleie dovayentydo | ai d out

di fferent | Heir ditabastsBdRY it UER e pRflded b GRS MObdumsiiar € common content such as
t ext objec i e subscription delivery protocol

therefore %@ i veﬁgpﬁb'gﬁﬁﬁﬂ%‘“?@f'?ﬁﬂ%%s to individual printers via

poi nt cast, but delprafmsersioamdomm@mﬂcaoiv;maﬁb;stowdl'asltmhidm@&t% The
application (i. eWhQﬂJlelsEr%ﬁ&g ))n %ﬂe&?% v&ﬁ%ﬂét}paﬁe gpléﬂgogﬁnulnglte%%le e toetgé: h
docunent froman 1D server en sends e docunent structure,

i ncl udi ng 7eetEst Aejeagereviter |- kel clisk dientfiss dhe ippaci B 8 locatiop op the pagsgEhesriniger 10
responsi b|z&rei@kncﬁd@ﬂledﬁwwfﬁﬁbmﬁ&dﬂﬂwpéna;lnh&ﬁrcﬁltpﬁﬂocbiD It includes its own

application ID 6 t he bscri be i as the rel evant. set of
nul ti cast channeIéllherpar’r‘tcgs‘ia%fe *5 Wag‘hs&?]ﬁ &g@g@@@éﬁﬁfﬁg pf‘%‘esgerﬁ?ll@ae{?’é&”ﬁ gnat ur e
key. The pégertgepvege IDs@sThehddrapph dmddy bninli®cahaif thk hmshak Bedndy mistagedy f r om
the regi st&la,tdlecg@méﬁ Y §he prﬁlaﬁm&lqsrcvﬁam@&m it OFnLlQr BQ0, hd}feBGhd FicS €l ect ed

printer 1D 62 (which may be explicitly selecte
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 les in. Assuming the relevant input element is a
hyperlink element 844, the page server then obtains the associated application ID 64 and link TD 54,
and determines, via the DNS, the network address of the application server hosting the application 71.

The page server uses the pen 1D 61 to obtain the corresponding user ID 60 from the
registration server 11, and then allocates a globally unique hyperlink request ID 52 and builds a
hyperlink request 934. The hyperlink request class diagram is shown in Figure 44. The hyperlink
request records the IDs of the requesting user and printer, and identifies the clicked hyperlink instance
862, The page server then sends its own server 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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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 nessage signature. The NPS038-SG 48 page server's
request to the registration server fails if the application ID and alias ID
don't together identify a subscription 808. The page server then allocates
docunent and page instance |IDs and forwards the page descriptions,
including page IDs 50, to the printer.glt includes the relevant set of
mul ti cast channel names for the printer to listen to. It then returns the
newy all ocated page IDs to the application for future reference. Once the
application has distributed all of the docunent structures to the

subscri ber$ehypglilgeqetiori nters via the rel evant page servers,

nul ticasts the vapd LQibad ﬁéétb&%ﬁse&g ke hﬁne eﬁgst(ﬂphﬁ%ﬁlcmﬂﬁ]ﬁ tjaﬁle% f{a'gco usly
sel ected mul ti cast channels. Both page servers and printers nonitor the

appr opri at ¥Verp PRFiR BE Foremapting user %H‘dﬂ’é‘&‘%ﬁ 1D &2 The fisst nagrgpeivpradects st emest obj ect s.
They ar e tiienhphiiek r&@es{ﬂb&pﬂip&écﬁorﬁsff& a dfffefxt applﬁ&;tmn poi nt cast docunent

Structures, Th St LOUs IS RRORAS WSR2 ALdNFOPLELE SoSURERLS, 12

t heir dat abases, fFows e printers ocunent’s.
HYPERLI NK %’@WWA?HG@HS PRG0N, Wﬂ%&eﬁm@t@m@mn’em ovgf daatbhypm ﬁnaﬂsk

activati onseﬂ{gq{eggggldesb@uw%ﬂe@egﬁh%%45 When a user clicks on a netpage
wi th a netpage pe pen communi cates the click to the nearest netpage

printer 601. TheTgcl llyEthﬁkdeﬁ’f“Ffﬁa%’é‘ Pive Meape il rapsagtiqndRe At i phisase e fifhge.  The
printer apagesaher knods tiehigandabiot TDGH theh@esped sdnt @nthé BpligpEoh. TOR BT B4

protocol . JHhfaRlaldstifiisfiehal @aoq%gmﬁno% e;t*}@rt@ﬂgpef%bgcgoa%wrk address of the

page serve a an |ng rtlcu addr ess may
already be in i téf“éfa*&’PPé‘m?‘iFeqt“ﬁ‘é ae}@éﬁhahas 1ﬁ5§fé’ém‘34119‘e¢ rittelrugecis et thepihe first he sane

nge dThF Rk nlzvefrseﬁda 86ih {10 bADGS ahd8e @sahdkfa,apmi‘ca&mﬁ)wsm matr@rsltridé}(lj @%ﬁl the page
and cli Qc seryver. Y oads the page
descr pti ofl SRR sy P ErERHRR & 5 P BErBr i HodD SSHrE ot s e

el enent’s moareh(ﬁﬁon IDf and the ,usdr [ii2. It intlades ke @Basilh .in Assmmgagent hathe gipkosaat | nput

el ement | SuffwinkP Gl (SLEHRAL usﬁr.s%ecﬁicnsnt&agsmés@&grn(taanm obtains the

associ at ed app i on erm nes, via the DNS,
t he net work3addr EQ@WT‘%CSWT'P'&%'E‘?TBHOLSH ver hosting the application 71.

The page server wusesa ﬁsbledrmra strbke@d atnOpRB bdh B ndyfie Fef thesepOREHRGatsd | D 60
fromthe relgel ratl serve ]F%%strakcld n al | ogr{at es. a I obal I 'y uni que

hyper | i nk $RGUeSt eI&"i.e)S ﬁpaﬁwer 51 Pask é‘af}%’i 938> The hyperlink
request class di @garmlfsmsﬂ@thnpqnnmﬁﬂ,g@pwnnmter%@,hlyp@pmﬁﬂ(andlste:@wmslt records

the IDs oftohggaggggﬁgﬁjlhﬂlgugdﬁ%yand printer, and identifies the clicked
hyperlink instance 862. The ge server then sends its own server |D 53,

the hyperlink redifege o ]ﬁ?’flﬁ ﬁt‘“'ﬁPég‘*I qeppriptiop Stidengifigd by the page ID and determines

which input element’s zone 58, if any, the stroke intersects. Assuming the relevant input element is a
text field 878, the page server appends the stroke to the text ficld’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 comresponding to the pen, and uses the user’s accumulated handwriting model 822
to interpret the strokes as handwritten text. Once it has converted the strokes to text, the registration
server retums the text to the requesting page server. The page server appends the text to the text value
of the text field.

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, Tt also sends the
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application. The application produces a response docunment according to
application-specific logic, and obtains a docunent ID 51 froman |ID server
12. 1t then sends the docunent to the page server 10b responsible for the
docunent's newWy allocated ID, together with the requesting page server's

| D and NPS038-SG 49 the hyperlink request ID. The second page server sends
the hyperlink request ID and application IDto the first page server to
obtain the corresponding user ID and pginter I D 62. The first page server
rejects the request if the hyperlink request has expired or is for a

di fferent application. The second page server allocates docunent instance
and page IDs 50, returns the newy allocated page IDs to the application,
adds the conphendDdbesorent witpthe fgm ofwhidialicaizases fidkhid péri, pradellyps the o t he page
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al so the alras corresponding to the application ID and the user |D.
I't include¥®he alias IDin the nessage sent to the application, allow ng
the application ke digitahfigramiz ifchidescthe Ape b efm@amespbndfﬂgrusetr.hﬂﬁmmé i nk

activation I ON PROTOCOL When a user draws a stroke
i RS SR !

on a netpa , e pen comruni cates the stroke to the
near est neﬁﬁage hermBeRmMISSINPROTGSke i dentifies the page and a path on the

page. The printen ie@érx‘é@én%%dﬁn@& Pﬁ&xﬂs&nﬁé’smnb&&cc@%h&ﬁﬂﬂﬁﬁﬁed@ 62, the page
| D 50 and stroke at to the pa,gg server}“?ﬁo {jn th sua| The page

server |oads thef broyEsion oS B 2 dormgRetink astivapse tIth “Spfaléi’é’s ' napfepol
det er m nesdefinddiinctection P A1 withl senethini-gectfenedidBds. i f any, the stroke | nt er sects.

Assumi g {he 1 e B dRhen ShRARR e Splond i el 805y b0 PRAE, Server

appends the stroke tot etex ital 1n " of
i nact i vi t yL0 tf the gepligagipre? loflso cprtains dhetforpy 1R 5§ aﬂ‘tthfécuﬁﬁééﬂt%@wlépf@@ Ifth% pen | D
and the pepgi Qgiasi i kigGntdFields @heh @6 bfiflibaaibd RARS B4cH 8fic bl bxtfabting kbR 5 €5 at i on.

Lses Che vearags yRE it Eimeat R AT G PHOREr g8 T BEE THE. St r okes

as handwr i th¢ mgistagontservéite it has converted the strokes to text, the

registratigg sebgﬁﬁ,sglgﬁygﬂgntﬁ@oﬁ,g&t to the requesting page server. The
page server appends the text to the text val ue
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 o route a fee or commission credit from the target
application provider 70a (c.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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of the text field. 5.4 SI GNATURE VERI FI CATI ON PROTOCOL Assum ng the input
el ement whose zone the stroke intersects is a signature field 880, the
page server 10 appends the stroke to the signature field s digital ink.
After a period of inactivity in the zone of the signature field, the page
server sends the pen 1D 61 and the pending strokes to the registration
server 11 for verification. It also sends the NPS038-SG 50 application ID
64 associated with the formof which tshe signature field is part, as well
as the formID 56 and the current data content of the form The

regi stration server identifies the user corresponding to the pen, and uses
t he user's dynam c signature bionetric 818 to verify the strokes as the
user's si gnat ur Ethe@dieatiot privéider neads th predit thepeintsi myeviden it esnds theeprinegiredideat | 0 n

Server Uuseged h@ th@BH‘ngﬁa@ %gé Qé}vey Qggg'er W tﬁé%%er]mi( %q@&t 0 Y Thedfagé Eet'\%r lgs@sethy ser’s

application-specific_private signature k hen uses the key t

generate PainiTearst & grlanify ke gt tad ?66‘?5 ecféf’fi‘é?n G T?I%‘iaﬂr‘%“‘ttﬁéseﬂ‘{egl t al

si gnat ur e tbhg@ttehathriegHestIDNThe BRGRatBLSMEr credid e copafendBe prithdr p@isdr giddunt he
digital sigpature to the signature field and sets the associated forms
status to frozen. The digital signature includes the alias ED 65 of the
correspondi ng uséhke soutee gppiicitionreyides jsnepitienaflo mekificd of dist denditynef] the rest user s'
si gnat ur esapplia&nggak@raym itk bto ARPH A henfity BE &S ShkefpraRadionrgt of a form

subm ssion_protocol is_shown in Figure 46. Form subm ssion occurs via a
form hyper®i nk aE‘FTpﬁ‘ﬁ'f?%WPESF?'PT“PNJs foll ows the protocol defined in Section
5.2, with &one fPemMEQRRaICS | c additions. In the case of a form hyperlink,

the hyper link ac c!:fgat I &))ri:l aﬁ§9sﬁ=§]ﬁ%n %ﬂg@% J%dg}% eg% rel errenc 119\18}a€a5(;]e

application 71 also ntarr ns the for content of
the form indludespchousingrlf? incietforms a plagticsiephiing desdngfvially Ulédefmhenn intygorapapd i cat i on

verifies ey e ¥dn cahionsh. mg;eﬁlob 3 it 12 BRatioR orfblyRoStledMt bR chdre

correspond ital ghat ure and obt ai ni ng e correspondi ng certificate
from the #3%?3’?9“&&8%&3%&?@&“@“@5 L BVECRAES §§"@Q R R ePRET RS o

pref erred lendhgdozdht coadr 167 is asndf s®ilded phaicagmt is mmmmlsem&aﬁMMmhtmaFi gure
47. 10 an & GOMTBLHE gnefet{o%mtsgfuggﬁgrﬁwmgﬁ i anﬁoug;ggm%h%%xva le from

an appl i cation provider to a on C rou transac i ons and

sal es. Cor# dxsludiis epin pagclgd a’h’dh subgrpP LY S dsobe e APl @fsthmsurzaw atdsd be
payabl e f ragditepdetdalii®iBeh freedd WclOEQY ihd @hinQhrt § Van fils WitBh - JiBpdadiRer | | nk

oGSt | R BB o 5o AT i oSS b BB 209,
70b (i.e. mpubpkingspveion ,ll(awdhm the housing 102, Screw threads 113 surrcunding an aperture 113A on

the cover 107 are arranged to receive a metal end piece 114, including corresponding screw threads

115. The metal end piece 114 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 EED 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 103, 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 stider 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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fromthe source application provider 70b to the printer provider 72. The
target application receives the hyperlink request ID fromthe page server
10 when the hyperlink is first activated, as described in Section 5. 2.
When the target application needs to credit the source application
provider, it sends the application provider credit to the original page
server together with the hyperlink request ID. The page server uses the
hyperlink request IDto identify the ssource application, and sends the
credit on to the relevant registration server | | together with the source
application ID 64, its own server ID 53, and the hyperlink request ID. The
regi stration server credits the corresponding application provider's
account 829peratiqn. Byt tswing G fop il ésthrobpd S8prbs, batireomatpraovi der.  NPS038- SG 51 | f
the application guevibflgk ineRds to credit the printer provider, it sends the
printer provider  credit to the original page server together with the
hyperlink Tequestkfaidseits Paté odeter uses the hyperlink request ID to
identify the priRdifrinkatdidgendsibh MEoveio stihs 120nib 021t reI evant registration
server together vvlthd hexepc%r 2Btls moun%d Ihe req |st atl erhv ({‘hﬂmgl ts the
correspondi ng pri Prtard Brovi der Sccount BIT TR %St%lﬁr ce acppS i Ca

provi der ikpusist 05T ‘éeyomd(ﬂlﬂa Wﬂaw%ﬁommhel miijiethliEDbefor privedipgipfiped radigipd | cat i on
provi der, ﬁp&oﬁaﬁn Bted L Glrfalld AY RIBE sdfor 436 hAGRd! nsaamgf ort HEscSHH HELPCR

appli catl on prow der. 6 NETPAGE PEN DESCRI PTION 6.1 PEN MECHANI CS
Referring 1 Terireyeiving rofiecier spdigtion fom tb*‘ewfacae%#amdﬁ@a%%‘? Yigtse owys aradiar ence
nuner al 108squentydtdpud® Svhizh ohidds AHRA GzhsiniftertafdeRF &bemeﬂfand?a dohtauSitr chip 18006+ di Ng

havi ng wal nt.er 4.1 0r nt e.pen
Component s-tptE Bl IL: B8 b LB LBRAGE o e o R ISP g
106 of t hewiHguiss Pfgerﬂ@? andAprSlefrﬁq aﬂtm%@mdﬂ’a% pito é?ewfacelm riceives dpageseahio the t he

opposi te elaﬂgels@.&mqfaz tRGer PUSHRG 13 RnneddR: &&y&entsl&ﬁma s%coﬁh 24 |fs 1oy ded
plastics, and is e fromsem - tra%sparﬁ E&nt erial in order to enable
&5y 4

the user tB™H &%‘aftﬁ {1 7&° B F e Mﬁ@fﬂ‘fﬂﬂé" FORFER Rf"902. The
cover 107batterg tanties 13 andhthdicapicbedre]l 1050 Avila¢eohlt Stagtabivtbhtaly 139 it mithio el sant he end

108 of the,hgysi 919;.,1,[% lwm‘g ?atter? %%a%ﬁthugt%BtchaQé}rlg]t§91M§ &pmga%%é back

fromthe main part in a correspon orned in

the wal | s seep3d ﬂoﬁéu?\@wb}?ge%%ng oA thedeficry 1ghvia ﬂlﬁl&nmihq sgcopplipPER 1B hi nd t he
pr oj ect iOI ngals[a(ih{otuhtﬁ.ﬂl lﬂﬂagad Dfntlm Ehdtnhﬁﬁh th'idd[bge mzﬁar deci.Sd’uﬂg/\ﬂxEﬂIh"c@@dﬁn thd Gim
surrounal re cov arran eq to I’ celvea
net al endn%lmglg %53 |ern%17 %ﬁ?sr‘}g&?{ @‘s é ’%‘(‘:SF d%%r erf’l?a fhe net al
end pi ece dekrnipatior eitmvat itzepminal te smﬁdce baauht pqndug:elw e,tpitsa:serbdm ThAIRs 0

mount ed wi ﬂht}tb&loéehﬁat GO liigh Grbm|dR 1R 1IEDI 4§ Ok QJﬂeééré&UnﬁshévﬁPm&ln@d R i sfid£X PCB

117. The antenna is al so nmounted on | ex PCB 117. The status LED
116 is rrodﬂ‘f‘%ﬁlzéfmdtlﬁ‘é top of the pen 101 for good al | -around visibility.

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 PeEN CONTROLLER

The pen 161 is arranged to determine the position of its nib (stylus nib 121 or ink cartridge
nib 119) by imaging, in the infrared spectrum, an area of the surface in the vicinity of the nib. It
records the location data from the nearest location tag, and is arranged to calculate the distance of the
nib 121 or 119 from the location tab ulilising optics 135 and controller chip 134. The controller chip
134 calculates the orientation of the pen and the nib-to-tag distance from the perspective distortion
observed on the imaged tag.

Control data from the location tag may include control bits instructing the pen 101 to
activate its “active area” LED (this is in fact one mode of the tri-color LED 116, which becomes
yellow when the pen determines, from the control data, that the area that is being imaged is an “active

area”}. Thus, a region on the surface which comresponds to the active area of a button or hyperlink
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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 styl us
nib 121 are nounted side by side within the housing 102. Either the ink
cartridge nib 119 or the stylus nib 121 can be brought forward through

open end 122 of the nmetal end piece 114, by rotation of the pen top 105.
Respective slider blocks 123 and 124 are nounted to the ink cartridge 118
and stylus 120, respectively. A rotatale cambarrel 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 formof a slot within the walls 181 of the
cam barrel. Camfollowers 127 and 128 projecting fromslider blocks 123
and 124 f i madetengoded thactvaierihe| 14D, 2i@g thOmscr off the pagryisedl feedbackcbatihe fatonel 125,

the sl i dernRLoaks sdiddwith thfa ”@lvﬁsséﬁév@xt it. (Bnt? dﬁ@ﬁsy nghﬁimctt e l%pnﬁq& ei t her
the pen nib 119 or stylus nib 121 out through t hole 122 in_the netal

end pi ece ¥IHe C?*Fi‘é“‘)ﬁ%PF e rerdiges Kpug d region prthe %‘ffacel‘@g’@%"g‘e%@%? 35184t i on. By
t urni ng thﬁpltt&’ﬁac'hﬁﬁeénbﬂ’d@ilghapﬁ&cﬁlﬁtﬁﬁkﬁwpeﬁlhel folie.ee states are: Stylus 120

nib 121 out; In Iﬁe fblrﬁ SEtlfg %?att%‘eb ul?rfa%' 1lgay '&g&%nsg‘n CFnFsIN?Isttl‘og%rBA Ijs_%g( goaﬁlélg (id ge 118

nib 119 out nor st con nDunted
on an el ec?fr%ﬁﬂt@gce@ﬁa@ﬂ@n@?s@cwl cPhSItSJFHt en (i punfage. inflieted Moprsidawn i\@g ﬁnfT he

second f| eébuBQBd 12 OsubRoyhit Serdd o, Nak @l aeﬁfam%%all vk merﬂ@étéa\wgiv@g alﬂs}ésﬁaa ed
radi ati on on ontQ t e sur n |na% flsensor ngrOV|ded

ect | A
rount ed_ontotHis B aBuEG it passS Bedor 5 o e R SRS STrabT on 1 r om
t he 3urfacemmﬂhemmae@ads&beumﬁﬁﬁm&ﬁe1&&smmmmuﬂﬁwmadﬁa&mommmmaqueﬂb& chip

133, uhi ol Bt b BN bl PG LRSE U e B0 8 OBLIR! | O

chip 134 for contr ing operation o An optics 135
(forned frosepgsuriobepiegs @ad hydEingcly Oﬁwesfecwntl?ﬁ of hapdvrisipg epd fonding

proj ects awrtqtitrdregha@am onto the surface and receives images onto the

i mge sensor 132. Power supply wires 136 connect the conponents on the
second flex PCB 129 to battery contacts 137 which are nounted within the
cam barrel 125. AiiisertherRH chip383 eohm@otast 1 tetphrel 01 vat trapsmyit bodigiatink d&87 and

the cam ba{“rhﬁh is beeyproede RLERy %@h&@@&ﬁﬁ&&%ﬁ%&ﬁ@kﬁ)m{e Jo?ﬁgutﬁg LS thin the

cam barrel 125 in contact wt he battery contacts. An I nduction charglng
coil 140 i s nount@§® BHBUS ioperse Sfdasisiyer e disipbik fggistranspitiahpsdt i &emedr gi ng of
t he batterym&ﬁ&eyhaOJmdmg&neﬂmmgﬁm@eEﬁmmduﬁhﬂ%mPGBmaaBpmakBQmapmnbs an

I nfrared L(!"?‘r[c)m 43 15(% V\kﬂ%er &l e%d Po s?%eo 91&1? fjllnla eftlﬁfﬁ%a%rgrog e%_tltelCtli utes %Qheacenent in

the cam barre en el e’ ink car dbe 118 is
used for mmﬂ#mn@mﬂﬂm&%&@@WM@QH@mE%ﬂﬁmﬁ det erm nation of the force bei ng

applied to the sytfageubkn h§4@%@uﬂﬂz’dlananggec@fdﬂ%iy(fB'ﬁZQrHiQe‘?eglOl i3 IR
phot odi ode, 144 detects li g fromthe via refl ectors (not shown)

nount ed onmfH@dEWFﬁ@?m“ﬁW8€ﬂ§mTf§mﬁﬁﬂ“?§%mmﬁﬁBﬁéWmBW?ﬁmbgﬂgﬁTEfoéﬁﬁ 142 are
provi ded towads eigestiveionsvd thd B8 clgp 113hbe hopsdetmgr (BOAhet i-color status LED 116, the IR

illumination LED 131, the IR force sensor LED 143, and the force sensor photodiode 144,

The pen controller chip 134 includes a controlling processor 145, Bus 146 enables the
exchange of data between components of the controller chip 134. Flash memory 147 and a 512 KB
DRAM 148 are also included. An analog-to-digital converter 149 is arranged to convert the analog
signal from the force sensor photodiode 144 to a digital signal.

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

The controlling processor 145 captures and decodes location data from tags from the
surface via the image sensor 132, monitors the force sensor photodiode 144, controls the LEDs 116,
131 and 143, and handles short-range radio communication via the radio transceiver 153. It is a

medium-performance (~40MHz) general-purpose RISC processor.
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assi st 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 determne the position of its nib (stylus nib 121 or ink
cartridge nib 119) by imaging, in the infrared spectrum an area of the
surface in the vicinity of the nib. It records the location data fromthe
nearest location tag, and is arranged to calculate the distance of the nib
121 or 119 fromthe location tab utilisging optics 135 and controller chip
134. The controller chip 134 calculates the orientation of the pen and the
ni b-to-tag di stance fromthe perspective distortion observed on the inaged
tag. Control data fromthe location tag may include control bits
instructing the bknpbeebsor d45,adigiial framceives comaonany e(tramsedtr bdmBollet 5% and i n f act
one nmode Ofasdviif cﬁr&ht I%le %agé—&%oﬂ- gn@:rfaééhbf hla&%%ﬁzslﬂ Béﬁ'd 5 IQKBVMI&'M tlctke‘a‘.ré) en

deternlnes fron1t control data, that the area that 1s being I maged is an
"active arggeydin Tﬁﬁ%le conirqlisr ALy Apalog R camppients REGiptd S B@gﬁ%@e ad the

acti ve ar eiadwbrsasd)ui:pomidarin iy @pirhit RRchifNPS038- SG 53 may be encoded to
activate this LE iLvin e of .t vi sual edbac t the
button or _hyperlin a‘%“ac{FJ%H§%ﬁ5pFﬁé&§éﬁ di%mmrm@“%3§§% §%

dat a may aflestonin Eprperationt ¢nd ipagseribed int paperalpn Iiakera, cl‘é ht Nebuods I‘b@hlseﬁm,

readi ngs. Nibkosid ah€Ql @AKON tBesEWEAGOMER SaLF ﬁﬁﬂ%@!& dahefd sSh@pat ure
i nput areﬁgﬁgaggg encoded to capture continuous pe force. Pen 101
I

n
action re ghopher Eerrpue Bevsy Vel Afrpaker & §%?Vé@m%ﬁm§ﬁPd$%@°mﬁgstroke
consi sts Iefeindy sefgenes) oith of IRthltere- st anped pen 101 positions on the surface,
initiated by pen up event.
Not e t hat en fo?%e%@gﬁgggﬁ?ﬁﬁg?%§gqg §&§§3%¥$§i H9§ %§§%Q€ 0" i ndi cat e
whet her t h&®1 jgiet jngontaghwithgy surfage fhincorpaatogye fedicated @ewnljﬂ |W’empmet8éld= ferse a
cont i NUOUSseMad phBtodibddr144 endaiResQp \MR@Bntiol® 1BLRa ths wepfrddﬁagé}%ﬁo&a ghatw e. The
seqguence of gaptured strokes constitutes so-cafled ‘digital 1nk". Digital
ink can be'lSed with a computing systemto formthe basis for the digital
exchange of dr awifkrgsdiafrensivamdwmotnicntes iof e wgitensedrR90VHE by inbimally ©fd by
handwri t i rlﬂrdlc@sngeghgﬁes gpaflﬂellngﬁely }ﬁ%el ufnhc%@sted ?‘{bl%fmcﬁlétg:ﬁ' %ﬁéﬂilgémdwe 1La'1 ﬁiﬁﬂ the RF

chip 133 and antenna 112 pe can transmt dat a
(which is t@%ﬁi‘ﬂﬁf‘é&e%ﬁsy %@em ?ﬂfiﬁ‘méﬁ% dﬁaf@Ref@edelweeffr?%ﬁemmewmom ssi on)
to the congpaiti ngpayekms®m \Wen the pen is in range of a receiver, the
digital ink data Al §i Lra is fo noves
out of range, dlglﬁlausse Od%pmpml d?%%ﬁ%%m§F?ﬁ”ﬁW€H%ﬂ%%GmE% ﬁ%‘pen 101
circuitry'ﬂn@ﬂ@dédlambkmbmﬁlaﬂwamgedmbd3s&omemdﬂgﬂtmﬂwﬂmkuHanaﬁﬁGma

appr oxi rrataghaé c&apdgasq%ewisﬁfmefoneﬂl rgmhan%unﬂe hRG.AUT A8 mABdis8aN be
transmtt | ater. The controll ﬁl i's mounted on the second flex

PCB 129 i rPoth&Pifan %0t obiegtiyulees lfe aﬂ# %S%Oﬂﬂﬂ% ROIgfonfrusing 2% 3et PR iHEF i n nor e
det ai | t hesemoah?.taent dysacDillustritethe opical pdth.er chip 134. Figure 10 al so

The optical path is designed to deliver a sharp image to the image sensor 132 of that part

193 of the imaged surface which intersects the field of view cone 192, within required tilt ranges (see
later). The primary focussing element is the objective lens 160. This is also used in reverse to project
illumination from the IR illumination LED 131 onto the surface within the field of view. Since it is
impractical to place both the image sensor 132 and the IR LED 131 at the focus of the objective, a
beam splitter 159 is used to split the path and separate relay lenses 157 and 161 in each path provides
refocussing at the image sensor 132 and the IR LED 131 respectively. This also allows different
apertures to be imposed on the two paths.

The edges of the image sensor 132 act as the field stop for the capture field, and the
capture path is designed so that the resulting object space angular field of view is as required {(i.c. just
under 20° for the application of this embodiment). The illumination path is designed to produce the

same object space field of view as the capture path, so that the itlumination fills the object space field
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shows representations of the RF chip 133, the inage sensor 132, the
tri-color status LED 116, the IR illumnation LED 131, the IR force sensor
LED 143, and the force sensor photodi ode 144. The pen controller chip 134
includes a controlling processor 145. Bus 146 enabl es the exchange of data
bet ween conponents of the controller chip 134. Flash nenory 147 and a 512
KB DRAM 148 are al so included. An anal og-to-digital converter 149 is
arranged to convert the anal og signalssfromthe force sensor photodi ode 144
to a digital signal. An inmage sensor interface 152 interfaces with the

i mge sensor 132. A transceiver controller 153 and base band circuit 154
are also included to interface with the RF chip 133 which includes an RF
circuit 158 visnaitRmayiewnpateosnd ugifednifynduct ors 156 connected to the antenna

112. The control rrhe,nm @EBC1@§SQEuon%MBﬁ%@@me@ﬁ;@lﬁe%hé qgea&* @&sstééta from
tags from ace Vi a he I mage sensaor 132, monitors the force sensor

phot odi odét &‘a’am& Py e Pféexméﬁg “Ti gnd a spalhaperfiep. Thehortryppsyrs g revents
shor t - r angsotioa tiu thooativeing saitibiong YHtacaptire dirad pé tdvanac EEheVsﬁfall a;ﬁﬁure filowks a
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System', $£EE TPEMBRRACEPNMS on El ectronic Devi ces, Volt 47, nunber 1,
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a pen- down event. The radi o transcei ver communi cates I n i censed
900NHz  bantfashiss Filissnoe ekl 2oymmberdy fipeust d990cthedifrrus of which iy i%cemraleil %8 in the
unl i Censed)yZ:r(AQeErehd’éﬂ asd tbicaiensoﬁlﬂioﬁﬂibdefm@jsa{'\]ﬁem(ﬂidﬁ&é re(ah\%Mresh&@-ﬂB&heﬁnd uses

frequency ,,and cal on de t| on vide interference-free
comuni cattFo‘ig: ) OISEIEI | s%‘ﬁ tgré"daséit%%/euwf Yf% ’paéﬂlscfﬁi&g’ﬁ‘fer cs is
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imaging, in the infrared spectrum, an area of the surface in the vicinity of the nib 119, 121. It decodes

the nearest tag data and computes the position of the nib 119, 121 relative to the location tag from the
observed perspective distortion on the imaged tag and the known geometry of the pen optics 135 (see
later). Although the position resclution of the tag may be low, the adjusted position resolution is quite
high, and easily exceeds the 200 dpi resolution required for accurate handwriting recognition (see
above reference).

Pen 101 actions relative to a surface are captured as a series of strokes. A stroke consists
of a sequence of time-stamped pen positions on the surface, initiated by a pen-down event and
completed by the subsequent pen-up event. A stroke is also tagged with the region ID of the surface
whenever the region ID changes, i.e. just at the start of the stroke under normal circumstances. As
discussed above, each location tag includes data indicative of its position on the surface and also
region data indicative of the region of the surface within which the tag lies.

Figure 68 is a diagram illustrating location tag and stroke processing in the pen 101, When

the pen 101 is in the pen-up state, the pen controller 134 continuously monitors the force sensor
NPS038-SG



optics conprises a first lens 157 for focussing radiation fromthe infrared
LED 131, a mrror 158, a beamsplitter 159, an objective lens 160 and a
second lens 161 for focusing an inmage onto i mage sensor 132. Axial rays
162 illustrate the optical path. The optical path is designed to deliver a
sharp image to the image sensor 132 of that part 193 of the inmaged surface
which intersects the field of view cone 192, within required tilt ranges
(see later). The primary focussing elgnent is the objective Iens 160. This
is also used in reverse to project illumnation fromthe IR illumnation
LED 131 onto the surface within the field of view Since it is inpractical
to place both the image sensor 132 and the IR LED 131 at the focus of the
obj ect i ve, phatodibdsalrtt Splaiptit-down 1&@itios (st deih)t Whibshei rien tshea patdawaside, Sieprar at e

rel ay Iens&ﬁuo@lsa@am&ms a BRE (bsPRb fandaaeeaalesdl%s tagrdﬁz metfag taeé ﬁme' mage
sensor 132 and the IR LE 1 respectively. This also allows different

apert ures THBenferi bRy ISHP?SH@I‘ OrEa‘P‘FPé“.f“’k’f‘fYé Rigayiaes 1ohand wergds Yensor 132
act as t heposifibradadl tcSﬂl@crhTfnﬁﬁtrokhdhtaQﬁﬂﬁdﬂg&hdc thgRla@ andedidr tfdRnatiGiBapdhlk Rrdatih i S

desi gned s, that the resulti ect space angul ar field iew is as
required (’lg.bémg U nfmus%rlfl er g%fn rde eevglg%elp 3%1?0?%0% oF T ERPES qﬁ%oﬁstrrrlé?\t) The
i |l um nat |®ﬁ!ap<h¥4@51m§ 1geibt grkafatayiapredidichie 183vad anane! 13p e tonpptingeysfeme| d  of

view as t hgydant ﬂﬁé erP@bbles $0 nibwa,tce ﬁ’fhemldrdeym i wheitlel fe ke ARY RE4 Space
field NPS038-S of view wi th maxi nrum power and unlformty The IR LED

131 is stropege W%Mﬁ‘?%‘f‘?ﬁ?”w‘et“ﬂm@?réﬂﬁww ‘T‘El?eé“gS‘?Wé‘ ibe of focussed

illum nation all awsmibph Peagnsblyohst 8 & pOBiply €3 ¢yc1aD, t&ﬂﬂooﬂssﬁﬂﬁhdn&ﬁtp@éetlﬂérﬁ The
short expogyr, gou;kd;paof@]{eg 0@&%& 'flgp‘;[ﬁeg P‘Lnl{!acu hus all owi ng position tag data
capture during pen nov e aperture allows sufficient dept h of
field for the fuIfltherpamgeut@frayapfa&@@p'd@@em@mrwma@efdo fgn it puffers diphid inkamt ur e

path incl u@a&emaaaleﬁmln tednimi@ RS dukEred cﬁglapmﬂaﬂenfnqg nemh&mr;wg@&&ecomﬁﬁﬁéuse the
rou out t he visible and

|mage sensor S a stron res n ea

e oa G St i By B P UL B IRy oo ety el 363 | n
t he capturté!skpaitdrmsd_ﬁmdtenmrﬂlemaqnattmmtstoawmd\eamhapmag)e of the tag data on the
surface, free fromd @L@J&@&%&ﬁmﬁ ! %m?gm%@@mn%éed%m &Q&H%; Lage WNGCQ

may be printed using Inks are transparent he near rar ed

PEN PROCESSIRREGHWERT sty ﬂé‘aﬂﬁ?nbﬂllsﬂm’éﬁhelSH'P@“\*E"a‘rftﬂ}elf%}’g@glﬁi Bk Pigtabek t he pen
101 i s i n wdatiaediterad Inhh@pen&bﬂhfvl&ﬁﬁ}e pEB)1 peWordifklorfiad R kidlcl @Sthd dafe RAGRE | ON and
orientati op 1{F1J|1ka\;rhl10 qsh'gagsttpe o rfatce at 100 Hz to allow accurate

handwri ti nggreco nitl onn(lsee e Aticle by Tappert, C, CY Suen and T
Wakahara, "The State of the Art in On-Line Hand Witing Recognition" |EEE
Transact i ofl§1.QNRAALSHH inkAahyeibais and  Machine Intel ligence, Vol 12, nunber
8, August 1990, the disclosure of which is incorporated herein by

cross-reference). The force sensor photodiode 144 is utilised to indicate

rel ati ve [ hr eshalvGigivhahiher unit precision range
component {bits)

penID - 128 -
nib ID - 128 -
absolute time ms 64 -
last system time ms 64 -
region 1D - 100 -
time offset ms 32 49.7 days
tag ID - 16
x offset 20 pm 59 +10mm
y offset ‘ 20 um 59 +10mm
X rotation (pitch) degree 57 +90°
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the pen is "up" or "down". The force may al so be captured as a conti nuous
val ue, as di scussed above, to allowthe full dynam cs of a signature to be
verified. The pen 101 determ nes the position and orientation of its nib
119, 121 on the surface by imaging, in the infrared spectrum an area of
the surface in the vicinity of the nib 119, 121. It decodes the nearest
tag data and conputes the position of the nib 119, 121 relative to the

| ocation tag fromthe observed perspegtive distortion on the inaged tag
and the known geonetry of the pen optics 135 (see later). Al though the
position resolution of the tag may be |l ow, the adjusted position resolution
is quite _high, and easily exceeds the 200 dpi resolution required for
accurate hamwimri(tdllhg recognit|on dégeae hbove ré&ference). Pen #2061 acti ¢ns
relative : ce—are—capturegd—as—arsertesgot—strokes—A-stroke
consi sts y?oangutté%“gence of tife- scflf inped | pen Dog?lti ons on the Surface,
initiated b@@rca pen-down event|and - conp et ed by? t he subsequentsspen- up
event. A StToOKe TS5 also tagged w tirthe region D of —the surface—whenever
the region ID changes, i.e. just at the start of the stroke under nornal
circunmst ances. AVhenfhependYeammstivio die comping seicay herpatrellgr 134 attifise Hrm

i ndi cat i veofafe pleﬂi i) mmsmtmg Rurfdit dokbButcStiniel 126, anamalaalamlutertiﬁg th)BtaEl&ifﬁnﬂ tﬁ@ll cat ive
of theregl n of. tesur ac ng QV\hltchthetag dﬁg g

di agram i I TUSE PAYi"hECTERRT SRS A S AR LT Bk@TBY o ARty e “gé‘ﬁ 101.
When the tp@ﬁhﬂl@lﬂy digta] ink tet:ﬁefeﬂ)énmuﬂp pstt Hilecotdirglyp&r reo mlrtlmdnl satchrﬂ:ﬁlsbs its

cont i NUOUSKY. R RIok O &lbscc&% FELORIGAL of PESRRR: %@é@w%&g%&%@# for a

pen-down condition (step % pen is In yﬁgen- down state, the
pen cont r¥FfRP I%B‘ZFYI?BH%% %rwmelaﬁtaw%em'@@gomd the eRFUES SBEP- t ag dat a
from | ocat#eamD imagse ifnp& il &stefd iHiAQEs the fth @ iGentifyan Eﬁfﬁer anﬂe R Firlekapleand
orientatiop rgl L yie tt% terll%] surf.ca eg,te[fmame R grne m{ Sis OSItIr‘?gP data to
the curren ALt BRg s dat'a an higr Al on such
as force, I‘FquerC’c The 911’6& ﬂ’gW%@ntCanm&$Y§¢emﬁwdFmﬁed’)uch a@h, @yltpenb iy evant the
pen cont r Adatuldze 413411@ gﬁﬁryﬁtﬁ veifDuded) rnS bdnMshe stidhPeaR Dy 1t GREMIN Bpehdidg t hE

stroke data vi 133 and, _antenna 112, to the conputing system

Not e that PHE™ @glnm]é’éﬁf)‘ilge‘ég“fﬁ‘ér exples {f fhe dnk persridgqniby | {95 being “EFétﬂ@rcH‘P fhet her
t he st r okeyhas mbedifer peainqilget@itlack 33 manvecask Somiédtcditédeachiingoudre tbh @e ik new
stroke is t L 88 LYy has bit aultiply (3
cycles), rﬁelh%fgg%geg%tﬁgs a?gorltﬁmg](;tglgse&?étﬁe?)% s%déihabétﬁ%% 58t "Phe
processor ' modpseripmpintfeedprsk et i s active. If the pen is out of range of a

conput i Nng syst emut Me k&R Mstokt: Ghe ﬂe@@cﬂltrbﬁer i fogr s 16U Qéptséﬁl tinke Wnck the Wst S
en it is_next

i nt er nal mts

withinr a%g?“é time nc?gtﬁfﬁtﬁ Ry’ Ste’gxa/t‘[sg%/%ﬁ‘il? ngﬁp"f‘r‘l‘%‘gwnméhe iSEU RSPy i s ful |
t he pen ceemals ttte@; aphpbieief de gert ml 119N 1 dnd thenstrabe, tHelxasdnd 2 rotition efftheor LED
whenever tﬂéf-? 184S Gid Iﬁé LJG Iﬂ}ges Ittogly%cbltdg thWtngh:Dt 1h§ éd%%rlde}ll o ;I;gli)tlcﬁlo 1x!f tfsnt‘iss the

b
conponents of the raw digital "ink transmtte rom en 1 0
changed. Since the tag frequency is significantly smaller than the typical position sampling frequency,

the tag ID is constant for many consecutive pen 101 positions, and may be constant for the entire
stroke if the stroke is short,

Since the pen 101 samples its positions and orientation at 100 Hz, pen 101 positions in a
stroke are implicitly clocked at 100 Hz and do not need an explicit timestamp. If the pen 101 fails to
compute a pen 101 position, e.g. because it fails to decode a tag, it must still record a pen 101
position to preserve the implicit clocking. It therefore records the position as unknown, 179 allowing
the computing system to later interpolate the position from adjacent samples if necessary.

Since the 32-bit time offset of a stroke has a finite range (i.e. 49.7 days), the pen 101
optionally records an absolute time 176 for a stroke. This becomes the absolute time relative to which
later strokes” time offsets are measured.

Since the region ID is constant for many consecutive strokes, the pen only records the
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conputing system Figure 69 is a diagramillustrating the structure of the
raw digital ink. Digital ink which is buffered in the pen 101 when the pen
101 is working offline is stored in the sane formas digital ink which is
transmtted to the system Table 4. Raw digital ink conponents raw digital

i nk unitprecision range conponent(bits) pen ID-128- nib I D 128- absolute

ti mens64- | ast systemtinmens64- region | D-100- tinme of fsetns3249.7 days tag
| D-16- x offset20 pnS910mm y of f set 20 gnBS910mMm x rotati on
(pitch)degreeS7+90 NPS038-SG 57 y rotation (roll)degreeS790 z rotation
(yaw) degr eeS73600 z force-8255 Wien the pen 101 connects to the conputing
system the controller 134 notifies the system of the pen ID, nib ID 175,
current absgbuile whinpik ciags 1800 dhis frecomessthe seliow 1) implicittyressociated btithiledbed r om t he
system pri gkiib@ going offline. This allows the systemto conpute any drift
in the pen's clock and tinmeshift any digital ink received fromthe pen 101
accor di ngly. The B&h PoFma1eesYneh i1%12‘§t“ief"s°ne pteeke andthpenegt Berendlt h t he
accur at e r @eibnally fErdslagdbkDAbr d shekeIYS TR becdhid teaib IDEnglicligwSoddra wab Ryt | Ng
systemto jdentify the pen when there is nore than one pen being operated
wi th the conputing system Pen ID may be inportant in systens which use
the pen to i dent Ffocempopsphede sierke hay en enisppy-cpdse prsen agdisted in TablelS.i nt eract with
that owner in a particular directed manner. In other enbodi nents this nmay
not be re LL'hreﬂ. Th%Pni b ID allows the conputing systemto identify which
nib, styl uS™fiBRTBITEF Ut RE NS dge nib 119, is presently being used. The
conputing systemcan vary its operation depending upon which nib is being

used. For m&Me%meJneﬁtL'U rk—cartridge nrb—118 plra'lxbc' ng—used—the—comput i ng

raw pen position 0
unknown pen position 10
tag change 1100

| end of stroke 1101
region change 11100
nib change 11101
time change 11110
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system may defer produci ng feedback out put because i mredi ate feedback is
provi ded by the ink markings made on the surface. Wiere the stylus nib 121
i s being used, the conputing systemmy produce i medi ate feedback out put.
At the start of a stroke the pen controller 134 records the el apsed tine
since the last absolute tine notified to the system For each pen 101
position 177, in the stroke the controller 134 records the x and y offset
of the pen nib 119, 121 fromthe curregt tag, the x, y and z rotation of
the pen 101, and the nib force. It only records the tag ID 178 (data
identifying tag location) if it has changed. Since the tag frequency is
significantly smaller than the typical position sanpling frequency, the
tag IDis constant for many consecutive pen 101 positions, and nay be

constant for theaefhind GrokSbt OYeBontfautalih s%&{s%&of t%reé@e% tcoma‘}hsnfbﬁ fofinpen 101
sarrple5|ts ﬁ!ﬁﬁSItIOI’]@adOFIe atIOI’l at p05|t|on5|na

stroke ar e PREY M hrsiore has @ Riggotzbou eiyo s Qﬂﬁeﬂﬂmﬂ@t‘s %@]cfn'éﬁ‘?@i?ﬁllwfe@i
ti mest anp. reduired b @apimom kadsnissiod spetdoof THORPL mda)fﬂlﬁd’]co]:ﬂduomgxfal DR capfurg .
because | trelithd S0k Qp RBGRAL oiind Alinord ber TRk, Bl el SHRAT Don deror?0S1 L1 ON

to preserve the inplicit clocking re recor the positlon as
unknown, 178 o Iguitps of wertineediatdl il Hpe regior e ritaghaneey h@ﬂ@n mh@qqecntlhe

position fwa meadavaaasglglsa@mce&q thd re@ﬁ@&ﬁﬁlﬁﬁl%lon @&&dtb{i'j?er Hmby tadaiubmg of f set
of a stroke has. élﬂl%@ %$ é Hﬁgen 101 optionally
records an ?B‘??ﬂoﬂt P p‘i“f’é' re§“°§tt‘iﬂﬁsﬂlé“‘° '3 Ruffee DePoRE TIEREY € ti e

rel ative tiortlwhi ch |ater strokes' time offsets are neasured. Since the
region IDis con n,y,records
{he NPSO35. SG 55 1 aar eI rRP ey dapo it dp RS Gl 34RA8, BYWREECOCDS, o
i mpli ci t | yCraresmpa fegndiditon) Wilerlo%e F‘i‘e iy PPE’ PhEch isinprmoraied hetein brargssc hange
the nib 1119f,ereﬂc2)1b&f&'&%ﬁ@ uemma l’t@lﬂﬁ @H@utir@%ys&ﬁzxﬁhe tpaea]ﬂeebm]s%g 59@&11 onal | y
records a Q:Ichb Ie[s? ssioy key ?t 1K se QI?::E d |l ﬁko
associ at ed™ W th Tater ysofr&%m?o éé@ﬁq?ar %ﬁ edP twgfwgageﬂggWg

ent r opy- couee it elﬁomwed &%, thé sicptidnref Badnk-escénd SPab bie stoke Ranannsss 0FReofctbnponent
prefixes raw.alfakeneonponent sprefix raw pen position0 unknown pen

posi ti onl ag chanE%elloo end of strokellOl regi on changell100
OTHER PEN EMBODIMENTS

In an alternative embodiment, the pen incorporates an Infrared Data Association (IrDA)
interface for short-range communication with a base station or netpage printer.

In a further embodiment, the pen 101 includes a pair of orthogonal accelerometers
mounted in the normal plane of the pen 101 axis. The accelerometers 190 are shown in Figures ¢ and
10 in ghost outline.

The provision of the accelerometers enables this embodiment of the pen 101 to sense
motion without reference to surface location tags, allowing the location tags to be sampled at a lower
rate. Each location tag ID can then identify an object of interest rather than a position on the surface.
For example, if the object is a user interface input element {e.g. a corsmand button), then the tag ID of
each location tag within the area of the input element can directly identify the input element,

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

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

accumulate, is short.
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ni b changel1101 tinme changel1110 NPS038-SG 59 A 10mm stroke of | second
duration spans two or three tags, contains 100 positions sanples, and
therefore has a size of about 5500 bits. Online continuous digital ink
capture therefore requires a maxi numtransm ssion speed of 5.5 Kbps, and
of fline continuous digital ink capture requires about 40 Kbytes of buffer
menory per mnute. The pen's 512KB DRAM 48 can therefore hold over 12

m nutes of continuous digital ink. Timg, region and ni b changes happen so
infrequently that they have a negligible effect on the required

transm ssi on speed and buffer nenory. Additional conpression of pen 101
positions can reduce transm ssion speed and buffer nenory requirenents
further. EAch r aNEBPREBHRRINTER DERCRIRAINed using the Tripl e-DES al gorithm

(Schnei er, 78, Appkivfitk MméehXmtoar aphy, Second Edition, W ey 1996, the
dlsclosure of which is |ncorporated herein by cross- reference) before

bei ng transm tt ed™t BricHymoanis refrpgy velrrnkRt0 fhboweiivasymblshindigusd 1Y st em
exchange _Slﬁ'ﬁl&ln&fh_gkﬁ))iietfeﬂh4 giw &emuﬁsa@a@méuaaa m&gwémgmba@]&hs coBasesds,an a f
conservatiye esti mat c er_engr it, the encr ion of a
one- second’ g‘g’blﬁtﬁl o ?nc‘)jklg "F‘% W@?lggp?ﬁ% ?th%(’ﬁlégl BFPET @é%ﬁsm%gﬂéﬁ‘ﬁe. 6.5
OTHER PEN @B@@m&m@m #02amd @Bmh\mmma:bo:fdlshﬁemmmtadaelslp,emﬁillmdorrapd)rat es an
I nfrared Dgusrufsisgqci ation (I1rDA) interface for short-range comunication
with a base station or netpage printer. In a farther enbodi nent, the pen
101 incl udes a p&Prinissrl HP‘%“F&)"@%?WQ‘V 60y welies p iR rE#lee alons opy wee Phraghinsindr ral

pl Sne of tdnext, pﬂmﬂg]ﬂ.?oaaﬁheﬁatozﬂa©re&ﬁﬁ‘s&h&fﬂﬁﬁ§)&538d 40st @ EhisSIQWE a Fikhl Eduglures ﬁ
an 10 |n hos ut.l.i ne. The QVi.SI 0 ce ro ters enables this
enbodi ment %% {1619 hhcf?)fn%eo %ﬁﬁrlngsé"ﬁomof‘esgeems?vﬁmq} e% énce to surface

| ocati on tags, all"lleow11!\?gab!¢hek taptideei6dh sheaggn Figwbd3 swnbdlefdhémdaﬂdxmmt rate.

Each | ocat én@iﬁestlﬁgblbdaer@mhinﬁ% fdr A6 ik Miv@ Bt Cmh cyah, nlaEén%ry%ﬁgw bRLNRs than a
position on the surface, For exanple, if the object Is user interface

i nput el erf@#ﬁ%fe (@‘SgTh"‘am%‘Bjﬁ?rélFfti“Bﬁ’tni aﬁ*)wm i‘”h@PFf frpebapagolfing. G it Mstat | on
tag w t hi ninkifecsawitaanafr piune 638nipide el @hentia @ &bscGBY. ermislp;bwdebemtetea yir td@e | nput
element. T eration neasure e el.e r the x
and y di reg} ?F%%g%} Ve ]tn%ress nﬁm\)/\np?'ﬁé{r ellh; eﬁgfﬁ fme tﬁ{ead% 3r5 6(; E’ilg ag%

i nst ant ane‘tswiveﬂ%ihﬁwﬂaﬁh@dp@salqw Bn mcSmm@gtthfe alstﬁéprtwﬂfgl pmsqattmdgn té t he

stroke is QehtideN@bLE th Rl i BERVALYBROS kb nlﬁre@mmahhaga The ik bE-QHKE 18X Bty
cal cul at ed. thou(gli;tg‘?tga tion integration accunmul ates errors in the sensed

accel er at i ‘GHclabl AEPRTE for Drginsand luing 000 meg{13088%Ftt i on, and the time
duration of a st Refleng ©0\F@ureVilj himebtiad sedia pick-up roller assembly 626 pushes the top

sheet directly from the media tray past a paper sensor on the first print engine 602 into the duplexed

Memjet™ printhead assembly. The two Memjet™ print engines 602 and 603 are mounted in an
opposing in-line sequential configuration along the straight paper path. The paper 604 is drawn into
the first print engine 602 by integral, powered pick-up rollers 626. The position and size of the paper
604 is sensed and full bleed printing commences. Fixative is printed simultaneously to aid drying in
the shortest possible time.

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

Referring to Figures 12 and 12a, the paper 604 passes from the duplexed print engines 602
and 603 into the binder assembly 605. The printed page passes between a powered spike wheel axle
670 with a fibrous support reller and another movable axle with spike wheels and a momentary action
glue wheel. The movable axle/glue assembly 673 is mounted to a metal support bracket and it is

transported forward to interface with the powered axle 670 via gears by action of a camshaft. A
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accunul ate, is short. NPS038-SG 60 7 NETPAGE PRI NTER DESCRI PTION 7.1

PRI NTER MECHANI CS The vertical |l y-nounted netpage wal |l printer 601 is 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 through the duplexed print engines 602 and 603 which print both
sides of a sheet sinmultaneously, in fyjl color and wth full bleed. An

i ntegral binding assenbly 605 applies a strip of glue along one edge of
each printed sheet, allowing it to adhere to the previous sheet when
pressed against it. This creates a final bound docunent 618 which can
range in tsspasdarede phwvasnthisermskdfieet t o several hundred sheets. The

repl aceabl e ink qasfgruewgel %mehsmvuanﬁsa dflaquﬁﬁuylﬁbns‘puﬁé 5 Wt D didife dupl exed

print eng bl adders or_ chanbers for storing fixative, d1e5|ve
and cyan, ‘i‘?ﬁé‘éﬁ@é °\FBF PR hpte Stk from dre ik priridec o7 FFR%“‘W%CQ?&?CW‘? #gee al so
cont ai NS awhwtlc whiclahlisorbd hdhesive ity caplhlﬁ}s ectioi kicbuplg) radibihBo143] .arrﬂ)hﬁﬂ thoﬁ‘sing te&r

interf aces, %% ound etgenghﬁlv&rheé? Qx?ﬁ zn? g’p% hﬂg%‘ { q‘?vop ! Isﬂi‘é %I;)%d}xlxl saang émmg O\fter%oors Thi s

provi des £ al r even
particl es #htdechehe %ﬁ‘jﬁébeMefmﬂli hmm&gdeﬁﬁ@wmew@m assegibhéﬁwsmsu og the

printhead &l €8s adBn é @s@sﬁﬁ@%l@é YRa tsrb@ghaierﬁohﬂ JftiRMmoMell Rbulind B, ALiL{ | dge,
the operati.on s effectively linked to the life of

life g
the cartrigge¥s ‘a’l?"ﬁ a??ﬁmbé’éﬁ"?ﬁfed%"é yl“%‘”g © g§ el d‘F‘&%gﬁé‘P‘ﬁ‘lﬁ’F’é"‘cﬁPB’duct with a
capacity for pri At inkghane4ghssésnigio 3@0Mepege asstatdP 6735 hivedig)is agpdded lohd1g t O
Figure 12, . el shes . the top
sheet di rec{ﬁ@;ﬁ %9% Q,QSI @gﬁtﬁgg}& pﬁggtﬂgoégiﬁooéﬁez}gggo%ﬁ%%pop E‘P TS pri nt
engi ne GOZh?%d@gﬁﬁ@nWexed Menj et TM pri nt head assembly. The two Menjet TM
pri nt engmzas 6 0BriIGTER CONTROAL KR AHRMAREGDRE N AN opp05| ng i n i ne sequentl al

configuration al t he strai paper The is dr into
the first print gﬂg]‘eﬁ%geé’ﬁﬁterbcﬁ%hrecﬁ‘g ¥ Op‘b&%‘f'“é’l?pb TR Jf)o F‘ "T"E’r‘%mg The
posi ti on amdickiimallal ndtirek pegfare mGDK 428, 5 eaxdDechngpickr f(tdnkcetvbro@tkrgien TH3) ng
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performance general-purpose microprocessor. The controlling processor 750 communicates with the
" print engine controllers 760 via a high-speed serial bus 659.

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

The master i)rint engine controller 760a controls the paper transport and monitors ink
usage in conjunction with the master QA chip 665 and the ink cartridge QA chip 761.

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

The processor 750, DSPs 757, and digital transceiver components (transceiver controiler
753 and baseband circuit 754) are integrated in a single controller ASIC 656. Analog RF components
(RF circuit 755 and RF resonators and inductors 756) are provided in a separate RF chip 762. The

network interface module 625 is separate, since netpage printers allow the network connection to be
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670 with a fibrous support roller and another novable axle wth spike

wheel s and a nonentary action glue wheel. The novabl e axl e/ gl ue assenbly
673 is nounted to a netal support bracket and it is transported forward to
interface with the powered axle 670 via gears by action of a canshaft. A
NPS038- SG 61 separate notor powers this canshaft. The gl ue wheel assenbly
673 consists of a partially hollow axle 679 with a rotating coupling for

t he glue supply hose 641 fromthe ink gartridge 627, This axle 679 connects
to a glue wheel, which absorbs adhesive by capillary action through radi al
hol es. A nol ded housi ng 682 surrounds the glue wheel, with an opening at
the front, Pivoting side noldings and sprung outer doors are attached to
the metal Betergkdcted ndficdhi-salgaedobibsh sicgomaiandite 3x15khEbic GsMBPDRAMGSABSRBODI Yy 673
i's thrust fﬁaﬁwﬁeqm&ngl&ca,%némsﬁm%@faedt,pgeg%yg wppeel through the front of
t he nol ded housing 682. Tension sprin se t e assenbly and effectively
cap the glue whedi vaeH |°ﬁge%‘§}‘|‘ﬁ?{@“01m4“ 8 68T vietpovided cpherreviding 2 6OREHasSeEs
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760a and 7¢ ANMB of DRAM 657, as illustrated in
Figure 14. ék'%tgr%t%pc eusedyasrglgéléet%aéene Og( % comuni cation with the network

19 and wit h | ocalfhe mgip é#%yem’éﬁ p%tg@mpetcﬁgnﬂ@ uilicesseth¥)ENIHE hendwetpibestd on 617,
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RI P DSPs 7 aﬂaélpprl nt Fsgggqé g}ont rollers 760. It consists of a nmedium

per f or manc -af ot T CPREBIE ol S8iFion Friestien i POYIS ipriseese: é@%or 750
conmuni cat®smmaitabiont he print engine controllers 760 via a h| gh speed seri al

bus 659. The R PTRSE&tJraC%Lt?oﬁlgzg u@rﬁﬂjf %%%rgtgslzmp%&earegﬁl?a 4 LBLLon fr A

net page printer' conpresse ach pri engl ne c oIIer
expands, dPeres Sorapraivige idae Ssqyiagd frcrmg@fsceq #ich s netppge ermiens- gl aweitma@w[ err]

print head sabOdiméht, @ lpriftérMRes( ihe 8D A n M foB SroRBERS Bl S sullhipy dupl exed
print engl F‘e%’ﬁgm rollers print both sides of a sheet sinultaneously. The

master prif PREE S rol | er 760a controls the paper transport and
nonitors ih&kl usBYTERPATENANDIRRINTIEN Wi th the master QA chip 665 and the ink

cartridge QA Chi BnolGhelmainlielRbo 134 il Q' BY beficPind BRSRAENRE MycfRGud10! 05 L
software for both the processor 0
page objects, 1t runs the appropriate RIP software on the DSPs 757.

The DSPs 757 rasterize each page description and compress the rasterized page image.
The main processor stores each compressed page image in memory. The simplest way to load-balance
muitiple DSPs is to let each DSP rasterize a separate page. The DSPs can always be kept busy since
an arbitrary number of rasterized pages can, in general, be stored in memory. This strategy only leads
to potentially poor DSP utilization when rasterizing short documents.

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

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

The main processor 750 passes back-to-back page images to the duplexed print engine

controllers 760. Each print engine controller 760 stores the compressed page image in its local
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and the DSPs 757, as well as configuration data. This is copied to main
menory 657 at boot tine. The processor 750, DSPs 757, and digital
transcei ver conmponents (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 nodule 625 is separate, since
net page printers allow the network conpection to be NPS038-SG 62
factory-selected or field-selected. Flash nenory 658 and the 2x256Mit
(64MB) DRAM 657 is also off-chip. The print engine controllers 760 are
provided in separate ASICs. A variety of network interface nodules 625 are
provi ded, wemedy,prdpiartelihpppsacxnensipmapd primiag pipdlike. Pree exvhmipe aidptintng ¢ popeliiednal |y a
| ocal conpiicske 0% m@gcmrtkstblewgnﬁﬁq@@a 1ev%m9 ) %é&n mefll G net
interfaces |ncIu Hybrid Fi ber-Coax (HFC) cabl e nodens, | SDN
nodens, DB# nndgﬁ§7E@@F%$?Wﬂ“¥*F?anscelvers current and next-generation
cel lul ar tel ephomge ﬁdga%ﬁ?bﬂafdm@@@gel% E)Edh&ﬁl‘ilé le:ggﬁlakonltrlempn(o\&ﬁs)s;s ofao
transcei ve er I ude | 4 ra rt 10Base-T
and 1OOBas%gTwE%qg?%g%E Emg% B® §m3ME§ﬂEéaT§ g F.HE@FFQ§ PAdE vari ous
ener gi ng héngeder 764, worckitovy balfiprsr/fompesifor pufit 6P, | 1 tcestomre ttagc enmeC t76®Na lige

avai | abl e QphetBAnbQ Al 765%8\@&&011151?&@%'[7@90Itfg%lnjeﬂn?mw(%bnt erface can be
used as the net pa e network interface. The radio transceiver 753

communi cates in tAePiFhfieRe freEelleodforeraiesdn e devble baffersd maagsy Whily oregegdl ies s
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printer coprintigs ﬂlépagemtllqymﬂllﬂp}lnieﬁwblepmﬂatmse ialvadedf r ar ed Data Associ ation

(IrDA) interfacend mkt srtfg@ 8f Bgelgla%amﬁwvﬁiﬁs@'mﬁéqsﬂlﬂ&yad%aﬁmé Wehyi@s
net page c ras. 4s?at?g4ﬁ3)éternatl ve enbod rinter uses the IrDA

interface 9 ¢ CEBRdmT ‘if’ﬁ‘?ieifﬁi W"t"ﬂ b&‘&‘? IP&I)I‘“%F rendggs fat i Bebinet page
pens. 7. 2. kviRAShERhglAvel adsbrAiDoRE oGt dafif i Seeiorai2nalldn paaRE Oke sébkdd has

s the ane Sk de W dEaliRE CORR s R BKOUL PR BAIRERLERLE: o1 1
each page #eseriiyst bidryelafd YB dpysr dig resplianty bidevelr CMXK+IBadnt datadgy bufferefhied mai n

processor ﬁﬁﬂﬂ&ﬁm@@ﬁhﬁﬁﬂﬁ&&%ﬁ&EﬂhﬂﬁgﬁmhﬁﬁgﬁﬁbQmHEQQmebﬁﬁﬁ;ﬁm&%&ﬁéé way to
et _each DSP rasterize a separate page.

| oad- bal ance | tipl e, DSPs to
The DSPs cH¥ 51?‘“\1;‘\%%7%3‘?58‘1 ’Rélt?t"fgbﬁlfé’ Ry Je fingd, stage prints Ge x phamstsof Bifleeldot er i zed
pages can, daafingedigyBhtive)a@the MeinjaM prinheRIPOU Yia thd printhesd ifitataogiosonl y | eads to

potent ial Iy poor agP. Ut teli,an sl ASLS! Lef 99 Shorl. dosumnts.

Rl SUPISTS OR &t WG BSPEeT SAg T4
cont one- r exspfigytatiens thoy ark expeljronized via a shared line sync signal 770. Only one print engine 760,

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

The print engine controller 760 contains a low-speed processor 772 for synchronizing the
page expansion and rendering pipeline, configuring the printhead 350 via a low-speed serial bus 773,
and controlling the stepper motors 675, 676.

In the 3%4” versions of the netpage printer, the two print engines each prints 30 Letter
pages per minute along the long dimension of the page (117), giving a line rate of 8.8 kiz at 1600
dpi. In the 12" versions of the netpage printer, the two print engines each prints 45 Letter pages per
minute along the short dimension of the page (8'4™), giving a line rate of 10.2 kHz. These line rates
are well within the operating frequency of the Memjet™ printhead, which in the current design
exceeds 30 kHz.
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bitmap which is | osslessly conpressed to negligible size and which forns
part of the conpressed page image. The infrared (IR) layer of the printed
page contains coded netpage tags at a density of about six per inch. Each
tag encodes the page ID, tag ID, and control bits, and the data content of
each tag is generated during rasterization and stored in the conpressed
page i mage. The nmai n processor 750 passes back-to-back page inages to the
dupl exed print engine controllers 76Q4 Each print engine controller 760
stores the conpressed page image in its |local NPS038-SG 63 nenory, and
starts the page expansion and printing pipeline. Page expansion and
printing is pipelined because it is inpractical to store an entire 114MB
bi -1 evel CMYK+l RNBZRJ6EITARge in menory. 7.2.2 PRINT ENG NE CONTROLLER The
page expanghon afRgs®Pisati Ng pipeline of the print engine controller 760
consists of _.a high eed | EEE 1394 serial interface 659, a standard JPEG
decoder 7631a s gﬂﬁh Yiaepdap TWngax decoder 764, a custom

hal f t oner / conposilt @der wisispport Gnglealiek!! filceudtidnadih € g Led @dgiod 618 a sesihd dafice, the

| oader/for ni 1 and ustom inter. o the Me tlerr]
pri nt head 6%%§%&”m?vﬁtmgﬁﬁﬁﬁgﬁgg eemFFé . gﬁgﬁggg‘%gj?ﬁwrwﬁggkﬁg

buf f er ed nesipreer.at Wis} ¢risntefise itprengeitingd. Thaogaiael! dianer Wl\ﬂelmgww of thelyensing gh speed

seri al Intwcaﬁaméé%afﬁdaﬁonw@ymuﬁds\ﬁaclufg%%@ta@age is read from DRAM 769 and
passed t hrough the frlnt engi ne, contr ol line, Once the page has

pi p
finished printifg™ ?ﬁ@“ﬁﬁ&@“Fﬁ??e§8§H@H“FE“ﬂPPﬁ#Eﬁdﬁh?F%“@ﬁb?ﬁ%&mﬁage is
| oaded. Theinfriumstianstetm ef thf seﬁsheﬁem opeéw 13 ebtaxdd amelsthe tads sﬂtﬁaﬂdaaﬁﬂaer k, are tiled

- JPEG- conpr es i n t,.7

Fax- conpr e%s%%q‘b ev%%ul%%%:§ ayeﬁni Flé% egﬁrag%%&ﬁed ﬁ@%?@ is aﬂuev ‘é’e? evel

net page t ale tealpeip-cemees 98 eragieg it be same axthgasf dameint k. def| ned in section 1.2, all
in parallel. Themﬁﬁwg%ma&mzﬁldbt@em%n(@tmoﬁﬁﬁ) nilbﬁer&a@tsmm@#ﬁ&d])ayer and

conposi tes t 76 ac v e resulting bi-Ilevel
WK |ayer“’£‘¢ﬁ%“‘°rt é')smfﬁgmts it o e @%ﬁ%‘f g2 @%%H%Eimbm%ﬁaﬁa%é
formatted da(-9%atn).for printing on the MenjetTM printhead 350 via a set of
|ine buffers. Mgfpeohe tap%?se obdd& ﬁ%{@;&ﬁ@%a?w Fféeg’t&;&he a5 CJ&% p DRAM

The final stage prints e six channels 0 eve data’ (1nc udi ng
fixative) P@m®ﬁ€4N@ﬁ?@fWWWﬁﬁWﬁQﬁéad 350 via the printhead interface 768.
When several pri mhe&‘ﬁtgbv@ﬂapCiQ Ddsi | ih @ SorBalARreotibk Blthwde sudbbkshRNinesSHEdRs aS I N a

dupl exed 8(% n, the% are s% h{OﬂIZ d V|%Ha shared |ine sync
signal 7700 0N § opne 6'Gr|enttag EAGF 2600 BE TSRS VS 2Bt e B Ry Apun
ngster/slamﬁmpvEQﬁvmna@@ﬁénahegmmmeuhMNeﬁwyﬁnhsthbmmZﬁﬂm@mmbsmhemshared
line. The BLERl LR e, QAL o thl@fag,moqusepe@saaaame lgnoLeqngﬁgQarpﬁeg&?eﬁ%@r 772

for synchroni zing the page expansion and rendering pipeline, configuring
the print %80 via a | owspeed serial bus 773, and controlling the
stepper notors 63&tingG A6+ u in EQ 2 gives EQ 4. For a 256-dot diameter tag, s is therefore 296 dots

(~4.7 mm at 1600 dpi), and m is 598 dots (~9.5 mm).
8.1.2 Spherical Surface Tag Tiling

A regular icosahedron is often used as the basis for generating an almost regular triangular
tiling of a sphere. A regular icosahedron, such as icosahedron 526 in Figure 53, is composed of
twenty equal-sized equilateral triangular faces 528 sharing thirty edges 530 and twelve vertices 532,
with five of the edges 530 meeting at each of the vertices 532.

To achieve the required tiling, the icosahedron 526 is inscribed in a target sphere, and
each triangle 528 of the icosahedron 526 is subdivided into an equal number of equal-sized equilateral
subdivision triangles to yield the desired total number of iriangles. If each edge 3530 of the
icosahedron is divided into v equal intervals, defining a set of v—1 points along each edge, and each
pair of comresponding points along any two adjacent edges is joined by a line parallel to the other

shared adjacent edge, the lines so drawn intersect at the vertices of the desired equal-sized and
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In the 8%" versions of the netpage printer, the two print engines each
prints 30 Letter pages per mnute along the | ong dinension of the page
(11"), giving a line rate of 8.8 kHz at 1600 dpi. In the 12" versions of
the netpage printer, the two print engines each prints 45 Letter pages per
m nute al ong the short dinension of the page (8%"), giving a line rate of
10.2 kHz. These line rates are well within the operating frequency of the
Menj et TM pri nt head, which in the curresat design exceeds 30 kHz. NPS038- SG
64 8 NETPACGE TAGS 8.1 TAG TILING 8.1.1 Planar Surface Tag Tiling In order
to support "single-click” interaction with a tagged region via a sensing
device, the sensing device nust be able to see at | east one entire tag 4
inits fi etwiagral gibdivjsipptirinngles.arsuitikecn e pratiom ef v* riaggilas perdianguar fbai28 of thent at i on
it s posiiseiR@es 536G 262 Mha&d 4 @ﬁﬁ& RLutk 16P¢ 2hbiled 50 myrlggl\ﬂ Bes ﬁqé%? sensi ng

device is therefore a function of the sizé and spacing the tags 4. In
the case &Rk Beehiyrighalyertives oftheigosghedron Lpyapd S&é‘“%@”ﬁ@é“f@ﬁ‘ra&@e faa'g 4
descri bed &ahd iemtining Reticesri Thi MkRedirgimt Rticd BP alrbd@y S€06 @k shlic] dndf i ew i s

Obt al ned V\nggﬁﬂj%h‘%ﬂ}cg%% lﬁéodgﬂleo‘r GI%I ag]?t eliedkgrteg;sfemerefo centr%épTﬁct%ﬂ%)ﬂécl ﬁgt er al

triangul ar gri as shown in Figure rned: r'f
achi eved winbye, givingthe dasirad tilipg - center tag spacing is the same as the tag

di ameter k. Wth aplleOhpBroRLELE Kre Abhe80t & this e sic mis
t herefore 5;31 dotA pgﬂo8 ) . Y ar% ﬁxew et arg:%ﬂg}% &gg‘?s%{d;l an

ef fective d’Frﬁﬂfé‘fré’rls feregd @T?mﬂgff‘é‘e‘t"y ﬂf e ggesic figuprci b an fegsalzgal ot s
(. 9.3 ) . setileginStveth b0y e. didarse fvevset] a di stance s apart, where s is at

| east as |arge a§h6kc1 é&{hﬁ&biﬂﬁ%n tmu% mt{)é gengr (?I Méeeo\@/tﬂeslcogahvd?on Qg tE Q2. Wen

no overlap is deS|re direction between successive |lines
of tags Souher f firogthanyifese pithhrphase, ?Jaidlewe thddargent isodet mpjectadivatotiiggeherrust  be

nmoved aparto bﬁémﬂxsdmeﬂiaﬁﬂﬁ%atﬁ@ldﬂé of gfoyeeted RibdRRos- tn:EJQIEs auripod Qtidl aRpt er tag,
uis theref exceeds the

qui et ar easysr eg ﬂ‘faﬁ‘ég 1831a<°fdn%mf é"g"myf‘iﬁ‘g’l &3%%83% ea”’ncfé:lt??abﬁé“"? -Best Methede ot ag | nes
ar e r enderkixtlitice thrOtlesgal Eptierd ApSbittets ¥J0.9.8%, Qetoberll4] NQ(EQfQ glthbﬁﬁio BQids For a
256- dot di r dots, ., X o 11;6919md i), and m
is 598 dotagengrr?ﬁ(?erd akﬁ% aﬁ%é &b%&%& E%?lngag%l%gfq?%tcae e r ]PS regu S‘%

i cosahedr dWWF‘@f Grtsafpce debigedy ﬂtletﬁ?/e Hripggudar ffages Sg@we@@et qaﬁgoramaladem@bcomeegul ar

t ri angul arincrdabihdiy it Ghd the SHRE aleg;e o edc Gibh@ar EEOSANGHAL Y720 FUCIKoaPps) fRsahedr on

526 in quyre 53, is conposed. o
fines 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
sensor field of view is therefore close to 1.18%. With a tag diameter of 256 dots and a quiet area of 16
dots, i.e. an effective tag diameter k of 272 dots (~4.3 mm), m is therefore 643 dots (~10.2 mm)
according to EQ 2.

The angle subtended by each edge of an icosahedron at the center of the circumscribing
sphere is given by EQ 5

For a sphere of radius r the arc length of each centrally projected edge is 0. Given a tag
diameter of K in the same units as 7, the number of tags » required to cover the sphere is given by EQ
6.

For a given n, r is limited by EQ 7.

If n is limited to 2'°, to allow the use of a 16-bit tag ID without requiring multiple regions
to cover the sphere, and X is taken to be 4.3 mm as above, then r is limited to ~310 mm.

A typical globe has a radius of 160 mm. Its projected arc length of ~177 mm fits 41 evenly
spaced tags with negligible additional spacing. Such a globe uses 16812 tags in total,
8.1.3 Arbitrary Curved Surface Tag Tiling

A triangle mesh can approximate a surface of arbitrary topography and topology without
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twenty equal -si zed equilateral triangular faces 528 sharing thirty edges
530 and twelve vertices 532, wth five of the edges 530 neeting at each of
the vertices 532. To achieve the required tiling, the icosahedron 526 is
inscribed in a target sphere, and each triangle 528 of the icosahedron 526
i s 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 icosahedron is divided into v ggqual intervals, defining a set of
v-1 points al ong each edge, and each pair of corresponding points al ong
any two adj acent edges is joined by a line parallel to the other shared
adj acent edge, the lines so drawn intersect at the vertices of the desired
equal - si z cltireghiging Fpsyiggiss sBBulardig, Wih by lapal sealb df the méslobeingdictated byetbe logabsul t i ng

in the creaiiaRR Hihe Mfa&er&@ﬁgh&%oﬂﬁr%&ﬂm@t@mfa 8CAriAES medh frA Garniduf@Sahedr on
526, or 20v triapgl.es in t he esu 10v2 + 2 vertices, five
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on 72 (i. / r Ling of a
sphere. | amﬁﬁﬁﬂf%%%gglg%éﬁ$?g&%@gﬁ?ﬁgﬁﬁwggﬁ%e%g%ﬁm§§6fﬁ%gﬂ%m&hdmgghe

| engt h of &P sides. The maxi numtag spacing s for the purposes of

cal cul ating the TreM&un ta@bdarfton ¥ inBW be Dakd & B MvEmElR8Qad RpataidSKin WEh a
tag dlaneteanamm gg gqhs and a quiet area of 16 dots, i.e. an effective
tag di amet &F %ot s (-4.3 M), mis therefore 643 dots (--10.2 nm
according to EQ Wheﬂ®eslcaﬂrgzla@m§umgndeﬁhnby teecte fod dstinof taginseitiongahgdr on at

the cent ergpfitllg abl HEHUAREH R naSPRSES laf 3@ VMY 651 2an be shown that

whenever a mesh triangle has at least one edge less than ot equal to s in length, the remaining two

edges are less than 2s in length. In practice the minimum vertex 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 complete.

In the second scenario (Figure 58) one edge 548 of a triangle 550 exceeds s in length. A
tag 552 is inserted at the midpoint of the edge 548 to complete the tagging of the triangle 550,

In the third scenario (Figure 59) two edges 554, 556 of a triangle 558 exceed s in length.
Tags 560, 562 are inserted at the midpoint of each of the two long edges 554, 556 and this may
complete the tagging of the triangle 558. Centers of the two inserted tags 560, 562 together with the
two vertices 564, 566 of the short edge 568 of the original triangle 558 form a trapezoid. If either
diagonal of the trapezoid exceeds s in length then a final tag 570 is inserted at the center of the
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For a sphere of radius r the arc length of each centrally projected edge is
rO Gven atag dianmeter of Kin the sanme 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 nis limted to 216, to allow the use of a 16-bit tag ID

wi thout requiring nmultiple regions to cover the sphere, and Kis taken to
be 4.3 nmas above, thenr is limted to ---310 mm A typical globe has a
radius of 160 mm Its projected arc Ilgagth of --177 mmfits 41 evenly
spaced tags with negligible additional spacing. Such a gl obe uses 16812
tags in total. 8.1.3 Arbitrary Curved Surface Tag Tiling A triangle nesh
can approximate a surface of arbitrary topography and topol ogy w thout
NPS038- SG &@e7eidtie evehpleie thy taggisrdtheitiengle. i es or singularities, with the | ocal
scale of the msﬁ@@bﬁ%s&nﬁﬁﬁ@&e@%aﬁh@e& eﬁ&@&?z o@&l&\iﬂelg’l?cﬂéedtslﬂﬂmﬁhﬁrface and
an error gund Assu | g exi stence a tri ang}(}mhrﬁ for a particular
surf ace, ‘aéi"eidé’ﬁrfeix\?é ‘ﬁ e“F gitedridropf ?frFQChc?‘Flget%@%“d %’leﬂr"%‘ﬁf’éé %% | ong as
each nmesh joinediygldges 586 PRCthging @rodédiie AL RV Eduts DXty apljtdoio @t obthéifond auanedge
length. A d t rticular
sengi ng deye B, 7P LfESAINEL UEPLL Wy Mibdl BRREGE Ailinl BRI Soa o
i ncl ude atberasgeshey bive the sameishape & theageinl rigrgle ¥dsi ti on of the sensing device on

t he surface. Theﬁdtbgtﬂﬁg%m%@@lmdwTJghé4p| acing a tag at each vertex of

t he mesh, € dge length is the same as the tag diameter k.
The tiling 38’?% 388FE"$Y%@B§85 by inserting a tag at the nidpoint of any
edge whose Iength exceeds a maxinumtag separatl on s. As illustrated in
Figure 9, ‘Vbl‘ﬁab!éux' nunTtag spacinyg—S TS {‘I%dl ed—so—that—+f—two—adj acent
tags 4a ard a_distance s + a aoart en there is _roomfor another
tag 4c bet weerliS the«mimmunevertgxyr&fe However, if the vertex angl e between two
edges of |[eMOT S g dialetef €55 t1amm 60, tem the Tnserted tags wii

overl ap. To prevent insert ed tags from overl annl ng, a m ni mim tag

separatior t s i nPinGatTdameterglgpnsot field of yiew PREUTACAT mum vertex angl e |a t hen
becones a {fungti OFmQ)thm@&ﬂertto-c&&er&é’y)éfg@cmg‘l EQ9. Jearly, when t =k, 0 is

constr ai ngd-to—be a tha stt-alned-to bhe nruu | aterall. But

\™ | T LY Ay

as illustrated in 'ﬂnwﬂbcﬁéeri%ﬁé'ﬁrta%p??mgo can be |ess than 60 withdut
inserted tags overlapping. The maxi numtag separation s nust be based on
the new mgymum ﬁ-gcgséﬁmr ation t, in accordance with EQ 10. Wen
considering a partic mesh tr| angle, there are four distinct tag

i nsertion g%énar PepyOrtergtiois suni ng that the nini mum vertex angle is no |ess

than 30 (i.e. hal§ aRl 2@ likelsdnsifDdRvibBEro BH@MNastaR@hfortable writing instrument, a range

of pen orientations must be supported. Since the pen nib is constrained to be in contact with the

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. While the yaw of the pen must be
unconstrained, it is reasonable to constrain the pitch and roll of the pen as well as the overal} tilt of the
pen resulting from the combination of pitch and roll.

Yaw is conventiéanally applied after pitch, such that, for example, in the case of a pen
device it would define a twist about the physical axis rather than a direction in the surface plane. In a
pen with a marking nib, however, the image sensor is mounted off the axis of the pen and the pen’s
image sensing ability (and hence its yaw sensing ability) is therefore constrained unless the pen is held
almost vertically, as discussed below. Yaw is therefore applied before pitch, allowing the full vaw
range to be specified by rotating the pen relative to the surface while keeping pitch and roll constant.

Pitch and roll are conventionally defined as y and x rotations, respectively. Here they are
defined as x and y rotations, respectively, because they are defined with respect to the x-y coordinate
system of the surface, where the y axis is the natural longitudinat axis and the x axis is the natural

lateral axis when viewed by a user. In a right-handed 3D coordinate system, roll is conventionaily
NPS038-8G



whenever a nesh triangle has at | east one edge less than or equal to s in
| ength, the remaining two edges are less than 2s in length. In practice
the m ninumvertex 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 m dpoint of the edge 548 to conpl efge the taggi ng of the triangle 550.
In the third scenario (Figure 59) two edges 554, 556 of a triangle 558
exceed s in length. Tags 560, 562 are inserted at the m dpoint of each of
the two | ong edges 554, 556 and this may conplete the tagging of the
triangle 5@%@6{1@ BORVE whn anticdockyies. Whilsayitehoapd traty are 5B 0CntiGBYy defordtaiersitivet h t he
]EV\D verti C@Een5_ﬁ(éjkwis|5.?ﬁre_&il ﬁ&thﬁnﬁ%@ﬁne@%%ﬁit@@%h&fmﬁcmﬁkﬁ&hgi nal Ejri ang| el 558 "
orma trapezoi either di.agonal of the trapezoid exceeds s in |engt
then a final tagT@%@“FQ“W%ﬁ@H&Bﬁ%HFSPHEp%@ﬁ@éTd@W“ﬁﬁ@1NP§@§%¥%X¥WEQ
trapezoid 1o conplete the tagging of the triangle. In the fourth scenario

(Floure 60) all Uh £ SHURR AR o dnkh LAY Ernl 3 TACRED Brell BRI D, A

tagged vertex 574 inserte e m dpol nt of eaci edge nd t he
t hree new thefitli ebgevs pud therefore jefficisdlet rppplubhapd SheGmge ssPbps g giinigrpetsddeure i s

then recur sheteyard RIRbMP dndeOne A it fre biEs fi0MG afr@SBUd BdMnce fidnl BOBLSSWO77. 578,
579 and 550. hgte.thaﬁ t%imn%M/trlan | es resEect the m ni pum vertex angle
TS 1Y

' HAVS PHE Pee B PHEOGE P FlaA PEtF AR gPos e died ¢ ag

because they
tiling varirabthepositipredegumndifiometd tign Table 4. Table 4. Tag tiling variabl es
vari abl eMegBbng 0 8uMikg! t€x angle ktag diameter nmm ni mum di aneter of
sensor field of view on surface smaxi num center-to-center tag spacing

t mi ni num cent er - e Gkhefeiievt ag be paddled gs 8 cone dgfingd by T add BENSEING (s an

Orient ati ofeds Rld AWied 28, bidks SENRIRAToAS Vi mt QR Mg the25ud SRNE ortabl e
pen orientations nust be supported. Since

witing instrument, a range of pen ¢

the pen niﬁmPé“é@ﬁ§?W§PW@ﬁSFH”H%”?%”&&H@&E?BQP¥WWPﬂ%ﬁd@ﬂFﬂé$€FaPﬁ@e

ori ent at i oimagd sehshieis padvat an glaemediar ad hauffiziafly Diyget fag of @ sirfacd BlimdebRy , pi tch
(x rotati ofph#0fearticr.

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

Figure 62 illustrates the geometric relationship, for a given pitch-related tilt 0 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 js defined to be clockwise positive from the vertical. The equations which
follow apply to both positive and negative tilt,

‘When the pen is not tilted, the window diameter (i.e. | BD| ) is given by EQ 12.

If, when the pen is not tilted, the distance from the nib to edge of the window (i.e. jaB| )
is 7, then the distance S from the nib to the center of the window (i.e. | AC|) is given by EQ 13.

When the pen is tilted by 6, the distance from the viewpoint to the surface along the
optical axis is reduced to d (i.e. |GE| ), given by EQ 14,

The width of the window (i.c. | FH|) is then given by EQ 15.

D and o must be chosen so that an adequately large area is imaged throughout the
supported tilt range. The required minimum diameter m of the area is given by EQ 4, while the width
of the actnal imaged area is given by EQ 15. This then gives EQ 16.

Once D and o are determined, an image sensor resolution must be chosen so that the
imaged area is adequately sampled, i.e. that the maximum feature frequency is sampled at its Nyquist

rate or higher.
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roll (y rotation) of the pen, as illustrated in Figure 61. Wile the yaw of
the pen nust 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 conventionally 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 plane.
In a pen with a marking nib, however,st he i mage sensor is nounted off the
axis of the pen and the pen's inage sensing ability (and hence its yaw
sensing ability) is therefore constrained unless the pen is held al npost
vertically, as discussed below. Yaw is therefore applied before pitch,

al | owi ng the ful Whmipageda rgescelp of ehesyest fdewesds ywithoinagtasing) distiee diom thel at i ve
to the sur%a@elnmmﬂlmkﬂ%adn@%@mat@b reilek o Qhel viGhRRShABoth fEatJrsCﬁLv@ﬂgmﬁ&U are

convent i on%ﬁl %E ﬁ X rotatiaons, respectivel t hey are
defined as tﬁh’fi’“ﬂ} ‘E{tpﬁ?ti‘VS Eanq'pé’?bgé?rllﬁ@f‘v tillp s gﬁ?@"’t“h‘éﬁ“’%"ﬂwﬁéd with
respect t ofrdnhée xieypotd Vot tivd te@erengy st i tigf folloigng Slistulsa@eppIMdI @hdnhie titiaxi s i S
the natural,lQngi tudinal axis and the x axis is the natural lateral axis
when vi ewed by a user. In a right-handed 3D coordl nate system roll is
conventional |y MG@Q%Fd@Flmetp@slﬁF vie givnés EQifTi cl ockwi se, while
pitch and yaw ar ecaswis it thidndebn d€hd N8tk 35aiRORIild Weving MGG @Gl iSE. Here
all rotatians gefl ned as positive when anticl ockwi sé. The pen' s overal |
tilt (8) |%VePB¥a%§é to its pitch (4)) and the roll ([err]) in accordance
with EQ 11. The [feiit'serfdt feitwafrb@edes islfin seah@ladturtilifGRreSttfag e d 8@lcUr €s are
i mged at f and therefore affects the
resol uti on\gig1 ?{w ﬁhr?téole swewgguet l§Ehniff§°emmlfg“’e“blylrlwa’(érvygct| cal to sense the area
directly under tW@eqjéﬁmelnnd)objepmnpemﬁsGHOD,tﬂuaiewSaxfEQzﬂs t he di stance from
the nib to the g¢enbgL Glodille 'dé?@aﬂr%ﬁl Gt T@gé aldile RGBT o gag gpown 1o

allow a precise nib _position pe deriv romt ep05|t| rm ned
fromthe t4G"- Slgceéhf’zp”feh‘é"@%tysgﬁli‘émﬁée SPHer ip P‘“éfi"’a“ groutiimage thy sntselickbfaicedt as a

cone def i naslinih fqsadyl diviiPdnfanRgE@d 8 @i M ii@e Phce DG Udndhade s&bd i@{ieVi ew of
2a), and an apgaﬁ tﬂg t of Dab ve the surface when the optical axis is

vertical . AP%H refpﬁ%éf "s"é’H%a 505 'y 3nd p sagypfine r?t%?:ft"e{‘r‘f}iﬁﬂ " 2 pHE t he

| ar gest eltb NmsCaﬁleoseui),alﬁeeEmmﬁmwknge sensﬂﬁgibluﬁﬁd’lﬁlﬁ)glvdn$y EQ|2Qh&ﬁlI‘EtQ 120 guar ant eei ng
that a sufficienfly, It aQf, sy as ified
earlier. The mters%c%%ﬁi tor?“}”h% ?&Qﬁf Vi er'\a/?/ulisotlrr?gl V\ffstaﬁle Somg Frace

defi nes arfoeiaripstitradt hodanemvptasin EQ He surface Thi s wi ndow i s CI rcul ar when

the optical axiswh& m&E sl Iﬁaaﬂnage%lzﬂy tife (1@29’I 1 bp%ﬁcf @l %ﬁé H}?fcegﬁ@ OBLL 's;ﬁlce

rel ationship, for a given pitch-related tilt O of t pen's ‘optical axis,
bet ween tf‘?@g“;!i’éﬁe%soﬁ?‘ﬁw EpeAvpiieay = Pribis pavresto P23 aud EQ4: s (CE), and the field
of view When there is no object plane tilt (i.e. @ = 0) this reduces further to EQ 25,

When the image plane tilt and the object plane tilt are equal (i.e. 6’ = 8), and the image
space and object space angular fields of view are equal (i.e. & = o), EQ 22 reduces to EQ 26.

Matching the image plane tilt to the object plane tilt therefore yields a smaller required
image sensor size than when the image sensor tilt is fixed at zero, and eliminates perspective
distortion from the captured image. Variable image sensor tilt is, however, a relatively cotly option in
practice, and also requires greater depth of field.

Figure 63 illustrates the geometric relationship, for a given roll-related tilt © 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 again defined to be clockwise positive from the vertical. With the exception
of BQ 13, the preceding equations apply equally to roll-induced tilt. For roll-induced tilt the distance
§ from the nib to the center of the window (i.e. lacl ) is zero rather than as defined by EQ 13.

For pitch-induced tilt, the magnitude of the tilt range is maximised by choosing a
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wi ndow (FH). The tilt is defined to be cl ockw se positive fromthe
vertical. The equations which follow apply to both positive and negative
tilt. When the pen is not tilted, the wi ndow dianeter (i.e. | BD1) is
given by EQ 12. If, when the pen is not tilted, the distance fromthe nib
to edge of the window (i.e. |AB] ) 1is T, then the distance S fromthe nib
to the center of the window (i.e. I AC 1) is given by EQ 13. Wen the pen
is tilted by 0, the distance fromthe ni ewpoint to the surface along the
optical axis is reduced to d (i.e. |GE| ), given by EQ 14. The width of the
wi ndow (i.e. |FH) is then given by EQ 15. D and a nust be chosen so that
an adequately large area is inmaged throughout the supported tilt range.
The requi regmw{pssetiveldiltands Bacinpmdpositivg tilmbish hase ¢ puninhge E@Uequinttiene t he

width of gihe, REpikiindhd@HEdnAiRRe isSndd %etht ﬁynéleliu thkR e pbIRRe uglof/ﬁ§ EQ 16.
resol ution rnust e chosen so

Once D and_a are.det rmned an e sor

that the faﬁﬁalg%fméq%e %‘%@&%ﬁ%ﬂg% %’e%an the mgximppFor follandneed it ihey f eat ur e
frequency hage basmpt wagnatdei ts Nyqui st rate or higher. NPS038-SG 69 Wen

| maged, the scal & aliedffadt LRGRIAPRLEISS M Nl ACLEARE Pl BLANGE T oM

the viewpoint and wth increasing inclinat iOn relative e Vi ew ng ray.
Bot h f act of% Haved ek havefmingrmetiametst ofddipiThis siveya nyeispmiRptr frdapenenf@f poi nt H
for negatldbeutt?19|p§r,mrhatﬂ6ooalb1 the point in the window furthest fromthe

vi ewpoi nt. Note tha e ere 0 owi ng .di scussi on apply to H
when the tilt is™ Cﬁﬁtted acéorgui‘%t@ E&% ‘{E&Vﬁt“@ e%"?'atffﬁjl“ﬂ?g'fl‘“ %ﬂ’l’?f‘f‘? ARSI nt

(i. I EFIaSS)Wiﬂlsnogqvvrétn bbtyredaQuck@ssiviSimeb iohgestigg@irtoa taingminnGdld piatievowinddw t he

surf ace rediaa;aev&&lpsu;fn@owgmwgraml\zgs%%94@05 i(EF) is given by EQ 18. If
the surface feature frequency is f, gqul ar surface feature

frequency co at Mogtpeqale OWatPPP%‘é@b‘e*éEPR“éhQnﬁé o[l elihg inine kall@fiy balipeintudh bot h

factors i siogi mﬁmlaxeoﬁ@rﬂv&amv\b&ﬁcet hoR ab&u msm,hme@& 44 B teIhblizohthy. & O = 0),
this reduces to :“Ef‘g i mage sensor definition, required to

i mage at |'EXLELIE LRk I’aé‘geaﬁéﬂ?’fe&’Fe i fod+ 587" ‘"’m\/? Bgyonable pelbrapgse305i 1R dB0°densi t y
of the i negeingensiod grater Limitahiadsoh cdnibinddisich indegiess kibe bomimne fiel d of view at
maxi mum f r equenc en _an ul 3 a'“a“& view in i e Space of 2a', an
i mage sensor til t¥h llgigh\fy compactgpgJ Mf£[ g 8(];D A fpees sensoré smfa ecg«brtlci cal axis
of 0 anoCOaposaapppMdn@depcalb@l %#Paner(ov\ﬁ@rw@ IﬁTNOQJS@J@d\b@H!ﬁqu@,RN@gaWanQM S

theorem), &hm, N mmnpmgecmgg seh8S R Mt AR @anie,sa SRy tERadibaand EQ
22. The cos- uarejg ter ‘{J"B‘mﬁ nunmerator in HQIF 2 resuits fromthe sane
reasoni ng 5‘ ﬁ?;’i”c BESs g]‘ﬂta S PE PR HrBHE FParsi 4 99mprs deyice such

as a pen. It has an available resolution of 215x215 pixels. Assuming equal image and object space

7

angular fields of view, no image plane tilt, and a nib-to-window distance 7' of 4 mm, optimizing the
geometry 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 mm and an angular field of view of 18.8° (a = 9.4°). The available pitch range is actually —21° to
+43°, and this is mapped to close to the desired range by pitching the optical axis at —5° relative to the
physical axis. Note that the tilt range can be expanded slightly by optimizing a non-zero tilt of the
image plane,

The overail pen tilt is thus confined to an elliptical cone whose major angle is 64° in the
pitch plane and whose minor angle is 56° in the roll plane.

The image sensing variables are summarized in Table 5.
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When there is no image plane tilt (i.e. 0° = 0), and the inmage space and
obj ect space angular fields of view are equal (i.e. a' a), this reduces
to EQ 23 and EQ 24. When there is no object plane tilt (i.e = 0) this
reduces further to EQ 25. Wen the inmage plane tilt and the object plane
tilt are equal (i.e. 0 = 0), and the inage space and object space angul ar
fields of view are equal (i.e. a' a), EQ 22 reduces to EQ 26. WMatching
the image plane tilt to the object plane tilt therefore yields a smaller

requi red i mage sensor size than when the inmage sensor tilt
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8.3
8.3.1

TAG DECODING

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.

8.3.2 Inferring the Pen Transform

Once the 2D perspective transform is obtained which accounts for the perspective

distortion of the tag in the captured image, as described earlier, the coﬁespondMg discrete 3D tag

transform with respect to the pen’s optical axis can be inferred, as described below in Section 8.4.
Once the discrete 3D tag transform is known, the corresponding 3D pen transform can be

inferred, i.e. the transform of the pen’s physical axis with respect to the surface. The pen’s physical

axis is the axis which is embodied in the pen’s shape and which is experienced by the pen’s user. It

passes through the nib. The relationship between the physical axis and the optical axis is illustrated in
NPS038-8G




on Electronic Devices, Volt 47, nunber 1, January 2000) is suitable for use
I n a conpact device such as a pen. It has an avail able resol ution of
215x215 pixels. Assum ng equal imge and object space angular fields of
view, no image plane tilt, and a nib-to-w ndow distance T of 4 mm _
optim zing the 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 vpew ng distance D of 30 mmand an
angular field of viewof 18.8 (a = 9.4). The available pitch range is
actually -21 to +43, and this is mapped to close to the desired range by
pitching the optical axis at -5 relative to the physical axis. Note that
the tilt ré#gedean be expanded slightly by optimizing a non-zero tilt of

the image planey Thenvemek ¥ bethEMrld Ldordisio SB&& GO QiR g m%oé el lkibt i cal
cone whose maj.or ah le is 64 in the pitch plane and ose mnor angle is

56 in the Y8FF ez?ﬁ%aWh@@§m§@W?WﬁdS@hWF85$%§”£?bq§ﬁdﬁhﬂW?€HaPﬁ Tabl e
5. NPS038- ®@cidds vtmlniee afis anH IR @b iS:2 thS bifikgn. Vethd sphak @8 ta\gaﬂlbsabihEﬂ?ﬁlﬂrllePgthﬁgll)J ectP
space fiel gﬂ r f _view half angle yPen
ygw 0] ec%mg{aé#e B tag%f%lfogl\l}g?nastWﬁgqhe%ggtq‘clﬁn)tag@pice%Sensors ffe tilt Pen pitch
Pen roll Angul ar S?“I'Sféql!f’é?]@y’l“?'ﬁfeﬁ imelfighrof+. Yhedghelinovfivaints vi By idicasiamc e

dTilted viewhoadiied am‘gemfs@m ﬁ%ofnﬁ@ﬁtlﬁ fle I&&@%ﬂ%@%ﬁm& hibQ of AlGe Q1 MAGE
sensor resolutlon SDi st ance fromni b to center of field of view on surface

(when 0 = BFSFHSIOHR gebef"\"eﬁnrﬁhﬁ PRl 5xig Ao furipgedt fyiegsd R?laé\%e ssdrrade (when 0
W 0) 8. 3 TA@BE@ODic/dGmetry 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 nominal 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 d 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
(ie. pitch), the physical axis lies in the y-z plane. With reference to Figure 64, where | AC| = §
and|EC| = 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
length R. It is constructed by applying the 3D tag rotation M to a tag space surface normal,
normalizing the result, and scaling by R, as shown in EQ 30 and EQ 31.

The vector from the sensed point to the contact point is then obtained in accordance with
EQ32.

This is transformed into tag space by applying the inverse of the tag transform 3D rotation,
and is then added to the vector from the tag center to the sensed point, to yield the vector from the tag
center to the contact point in tag space, i.e. on the surface, in accordance with EQ 33.

This is finally added to the tag’s absolute location, as implied by its tag ID, to yield the
NPS038-SG




8.3.1 Tag | mage Processi ng and Decodi ng Tag i nage processing is described
earlier in Section 1.2.4. It culmnates in know edge of the 2D perspective
transformon the tag, as well as the decoded tag data. 8.3.2 Inferring the
Pen Transform Once the 2D perspective transformis obtai ned which accounts
for the perspective distortion of the tag in the captured inmage, as
described earlier, the corresponding discrete 3Dtag transformwth
respect to the pen's optical axis can B3e inferred, as described below in:
Section 8.4. Once the discrete 3D tag transformis known, the correspondi ng
3D pen transformcan be inferred, i.e. the transformof the pen's physical
axis with respect to the surface. The pen's physical axis is the axis
which is enbsdisi apsqlvieerating in the tadgedyegiemere BRiI3¢h i s experienced by the pen's

user. It passes 'Ihhﬁrﬁl»@&lﬂ1§tbﬂ1fé?'tl@pen_r§qﬁ)<§rﬁlltﬁtoh@91§|ﬂie Q@b‘@ﬁ&ﬁhﬂgﬁ.@h@&@' cal )
axis and the ?‘P‘é’ axi s i |Ilusttt ted ir NP803§ SG 72 Figure 64. It is
1

conveni ent % faf"ﬁ’é R B8 S ETeR AT B 4485 Hgrete rpfatiopn, 35k tepsEEPRalsept i cal
axi s coi nintlokhs: the dffct bivse picladl. s,) afite 6;:111&1 hdiewithir@PqR O e pbrSs Ak, &b Bin@rihgi n. I n
pen space i is coincides with the z axis and the nib is at
the origi ni:ﬁ‘?, wﬁaﬁ@bgg}%the tag 4 lies in the x-y plane with its center
at the ori#&fn. TNEQWTHFJAGFWQ%nSforWB the tag 4 fromtag space to

sensor space. Se ﬁ'ﬁ@lfmé&@ﬁl@taga chprdrdd Dl [‘t@gr@iée QeHsoF &ogﬂéﬁ@pe@ﬂccﬁ;g%tohﬁp%el b Ng of
points in i.s consjistent wth I1ing in Figure 62. The

i g .
vi ewpoi nt e i t“mEaﬂ CHE A %ﬂﬁfns‘?rgmafesrasct fawa O BB P ST he
i nt er sect i ofithgpg At f@ni dt ibgnspbdaganofighi-G@tce-atdirddodngbrsphravestinfiatas inferie@f er r ed
to as the ggns t egmetry, Lllustrated in
Figure 62 V\heroglcgfﬁfeaé% welms]ndg%{r%g‘% dgg§ é"’llefaﬁn Lne fog a8 er Y fRReRREce o
consi der edP#{s Hhesdissrele tsptiamestenp f‘”htchél‘ﬁllrfﬁt% ﬂ@um@dof bhdag @heortcatmate@f t he

ph ys i cal aé&lnﬁolﬁzflfyeaﬁaﬁ g stthe sihif.p@bs noQ—@ihé%@ atIoH@ls %ﬁﬂﬁe@(i)y Q&Ha o c@HQ{JJ Hiﬁ cont act

poi nt between .t ace. nte poi nt K of he spherl cal
ni b, abou}/\ﬁ\}\lﬁl t ?Oﬁcea EB%{;’%N?:SET’“Q?E{ ‘Ié %fse%’f“? tr"“i“* Or?e#gf“lgébd“ egratiens piglds 155 v ot

poi nt. Thedissiely ke srpsiwhizh iwbdt detdesived hgtolffet Sounfisecib, D @ irdtdtiod) avdnen t he
opti cal ax,;,lé,vploﬁtoﬂgg;or&h%gurfa@ is defined to be parallel to the optical

axis. Wien the pen is tilted,_ however, contact is at point L, as shown in
Fi gure 65. 8@%f'ven""f’Fl%" 4h¢ 539 FE2B$TofMe nib, the di stance of the pivot point K
from the surfacehe &at@fomabf ﬁﬁeQEg U, frdub t28| P@Y So Rnagl NBackli S &R AdIRATast 4 ansf orm

i ncl udes t&mama%ns f%;[I t?eg center fromthe sensed point, the 3D
tag rotation, na the ran%franfl On"8F the sensed point fromthe viewoint.

G ven the t ranslralir@ﬂatd(bmtagitdﬁeevs’emsé@et)poi nt fromthe viewpoint in the
discrete tag tragskeym,,and according to EQ 14, the sensed point is given
by EQ 27. Sl nce the hyS|caI axis only differs fromthe optical axis by avy
transl ati on and ’S(mtraﬁt“ﬁ’t“igd’ﬁc

y rotate (by tag roll)
. z translate (by tag-to-viewpoint offset)
. perspective project (with specified focal tength)
. x-y scale (to viewport size)

These are concatenated symbolically to produce a single transform matrix which effects
the tag transform, Table 7 summarizes the discrete transform variables used in the following sections,

together with the range of each variable.

Table 7. Discrete transform variables and their ranges

Vartable | Abbrev. Meaning Unit Range

transform
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(i.e. pitch), the physical axis lies in the y-z plane. Wth reference to
Figure 64, where | ACI =S and | EC|1 =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 fromthe sensed point to the pivot point is therefore given
by EQ 29. The vector fromthe pivot point to the contact point is by
definition a surface normal of length R It is constructed by applying the
3D tag rotation Mto a tag space surfage normal, normalizing the result,
and scaling by R, as shown in EQ 30 and EQ 31. The vector fromthe sensed
point to the contact point is then obtained in accordance with EQ 32. This
is transfornmed into tag space by applying the inverse of the tag transform
3D rotatidn, rvand|is thep added t¥ he vector frdmthe t@agysentern to the
sensed point, ;To yield the vectorrommthe tag entgr—togthe-cont act poi nt
in tag spdce, % "ol on the surface 'tb?n accor ncebwith E@y%%d?':ﬁ%is is fmally
added to tlhe wag' s absol ite | ocatidn, as inpliedOby it sntdagydD4 tlo yield

t he NPSBY=SG. 73 i b'F OEST LES & t EedopCcatT oy T tihre—tagged—r<gi on: see
EQ 34. The f'bt| nal :fprjmqsi S rntra %Wﬁ‘ﬁ*ﬁ?ﬁfq 3D n(r)i entlation fromithe tag's
3D orientdtiofr. The fen' s B@edyRwRoint vefEsel ons ar® sinply the invérses of
the tag' s [di gghetp radations, wisildofdy PEN' § pitgh aljSo _;igLyding the

ef fect of Hhe p!t:h (ler ]) of the npfir‘,’-ﬂ ¥xi-swith respect tao he pen's
axis, as defi*lHéd |n t‘EQ 35, EQ S U¥ EQ 37.| 8. 4°1 NFERRIS OHE TAG
TRANSFORM[Theoshmape & the Tacodingsiditth €0 Dyl (heql nage SgngEQy comt ai ns
perspecti e—distortion dibe to the positionland orientation of the i mge
sensor witlh PBEpert to the tagSneRtRicthe per|specti ve |t ardetR<?of [the tag

are found [T nedsgp0fF SpACe] an ec@Medirl@l €€- OT|- T regdom|pergpgdd{ ve|transform
is inferrad—based on solvi ng the well - underistood equations rel afi ng t he

H

four tag-dpatB¥anf i fageispace PR #toM pairs.| Theldi sqretd <tfahsf or m st eps
whi ch givg rige tp the 1 mogg-elviddiRint 2&fsaf € [Concat engted jsynmborfcally, and
a set of dimutanbous nop-1lig tions ils obtained hy equating
correspondi nd” tefms Yin {he W¥eEaleA el trdnsform and t hé>ferspecti ve
transform| Sobving these| équatlvichport¥ta 0s (e discrete tgapgstorin steps,
whi ch incllude thel desired-tag-offset fromthe nih 3D tag rotation, and
vi ewpoi nt offset fromthe surface. 8.4.1 Modeling the Tag Transform The
transform of theThdgtedn £y plaAchbag asRAGedif th HOYL RR e, edB-PE nodel ed as a
o g ot R o bV aihd SR AR R an Dbl s 60 Y

Rotate about x by ¢ according to EQ 45 (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(y)), giving EQ 48,
where K and L are defined by EQ 49 and EQ 50.

Translate in z by #, according to EQ 51 (where =), 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 S according to EQ 55, giving EQ 56.

Transform a point in the x-y plane (z=0) according to EQ 57, giving EQ 58.

Finally, expand K and L, giving EQ 59,
8.4.2 2D Perspective Transform

Given an inferred eight-degree-of-freedom 2D perspective transform matrix as defined in
EQ 60, multiply by an unknown i to obtain the general nine-degree-of-freedom form of the matrix, as
shown in EQ 61.

Transform a 2D point according to EQ 62, giving EQ 63.
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z rotate (by tag yaw) x rotate (by tag pitch) y rotate (by tag roll) z
translate (by tag-to-viewoint offset) perspective project (wth specified
focal | ength) Xx-y scale (to viewport size) These are concatenated
synbolically to produce a single transformmatrix which effects the tag
transform Table 7 summarizes the discrete transformvariables used in the
follow ng sections, together with the range of each variable. Table 7.
Di screte transform vari abl es and theirysranges Vari abl e Abbrev. Meaning Unit
Range transform NPS038-SG 74 y-yaw00< y< 2n -pitch0-x/2 < 4) < 7/2
yr-roll10-1t/4 <yr <it/4 txAtag-to-viewoint x offsetO-
ty8tag-to-viewoint y offset0- cosyCcosine of yawl-1 < C< 1 sinyDsine of
yaw0- 1 <D<@4@os4)neraag the 150 THansfe0 < E<-1 sind)Fsine of pitch0-1 < F < 1
coswCcosi ng4.8f I ehhiskfhgCdeficlentd NVHsi ne of roll0-1 <H<1 tZltag-to-viewpoint
ewport scal e-5>0 Transl ate

0 xey bl ane by ERBVRTSREETEE FOSL U0 G 5 EEr LR CRBIE I RS 1 Bhd Bt y)
Rot at e aboT beingine yondmeo eqbhtivgs ih 01 Elhodds. (Wher e C=cos(y) and D-sin(g)),
giving EQ 44. 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 rol), as shown in EQ 73.
Given the sine and cosine of an angle, the corresponding angle is obtained using a two-

argumnent 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 yields EQ 83 through EQ 85 and finally EQ 86,
which defines B. _
Substituting the value for B into EQ 82 and simplifying vields 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 4=t and B=t,.
8.43.3 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 100 can be obtained.

From EQ 97, EQ} 101 can be obtained.

From EQ 98 and EQ 99, EQ 102 and then EQ 103 can be obtained.

From EQ 100 and EQ 101, EQ 104 and then EQ 105 can be obtained.

From EQ 103 and EQ 105, EQ 106 and then EQ 107 can be obtained.

EQ 107 only has a valid basis if G and H are both non-zero. Since |y| < 7/2, the cosine (G)
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Rot at e about x by 4) according to EQ 45 (where E=cos([err]) and
F=sin([err])), giving EQ 46. Rotate about y by Waccording to EQ 47 (where
G=cos([err]) and Hsin([err])), giving EQ 48, where K and L are defined by
EQ 49 and EQ 50. Translate in z by t[err] according to EQ 51 (where I=t,),
giving EQ 52. Perspective project with focal length ? and projection plane
at z=0 according to EQ 53 (where J=1/[err] ), giving EQ 54. Scale to
viewport by S according to EQ 55, givitag EQ 56. Transforma point in the
x-y plane (z=0) according to EQ 57, giving EQ 58. Finally, expand K and L,
giving EQ 59. 8.4.2 2D Perspective Transform G ven an inferred

ei ght - degr ee- of - freedom 2D perspective transformmatrix as defined in EQ
60, mul ti pPhyhedgl ia plwespeiNpatd hense estzere e pige of énelldf) inpHenad e Edheadllis r eedom
f%r gnzof th@nrfatégpxcéﬁca;sndxsiﬁm\/%rOBS gpi;célﬁég ﬁﬂisd?&(zx}?ﬂ@fﬂ@@dﬁb@%ip}r@m ?t aC]EIOf ding to
E , giving 3. - _ nferring the Tag Transform
8.4.3.1 Equati ngT%S@Frnge’lgé"ﬁf eﬁaﬁﬁ‘ﬁ‘ﬂ‘feﬁtj'i‘fﬁ‘ée %Pﬁ‘?’cﬁ“@ﬁfﬁsn}%ﬂ’ miheeeBF t h t he
coef fi ci entoging () depdchbe I Bsactandile@® B@ 1000 EQ 72, being ni ne non-I|i near

equations in 11 .. These atigns.are augnmented as required by the
tri gonometric i dgﬁtgﬁq@\gqrrﬁéﬁh%‘??%g(ﬁ%eéh? ft%els al%aﬁapoélggﬁ’ Snogﬁ% 8 ‘é"ﬁ%@'ﬁ%‘i‘ .e. the

si ne and c®kitmie garg mpt. Jhe sigf ofythesineiF), dbwexerdmpso b¢ Jeterpigedsyontinr mean&E@ 73.
G ven t he &kdiB@BRck-60S 13 of an angle, the corresponding angle is obtained
using a two- argunent arctan as shown in EQ 74. 8.4.3.2 Solving for XY

O fset EQ 66 can HE &ridh ibf Pilsg isiiop Ajaree) agprdingde BIY5 t o0 give EQ 75 and then
EQ 76. E(B.89.4caBSolyingFommpéli fi ed using EQ 67 and EQ 68 to give EQ 77 and

then EQ 78. EQ {qplified using EQ 70 and EQ 71 to give EQ 79
and t hen EQ 80. Izé@ﬁ‘glog%ég@?nel’-eﬁﬁtﬂ%én as EQ 81, and EQ 78 can be
re-witten as EQ'@8EQEH.ERlhpnddeghQ dRdat@oB@ingihd sol ving for B yields EQ

83 through E_Q 85TRA dlelfef.of}%livley thEQaﬁﬁud.e MRk ﬁﬁb Meir&i?%nc% %m,ta!n& ke t he
value for Binto EQ 82 and_ sinplifyi ngl él el ds EQ 87 through EQ 90 and
finally EgoE OhpfiteolylihBsaceordingfp EQilgdr of ore gives the x-y of fset of the
tag 4 fromthe viawd@i<ls, the bdite(Pot hefoll ks sl Bitive; so there is no ambiguity when
taking the square root. The sign of the sine (&), 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 (t;} is negative, J (1/}) is positive, and IJ < —1 (because || > A), then EQ 122
holds. '
Given C and D, the yaw is then obtained according to EQ 123.
8.43.6 Solving for Viewpert Scale
The cosine (C) and sine (D) of the yaw are by definition never simultaneously zero. Since
the cosine (E) of the pitch is never zero, either EQ 67 or EQ 68 can therefore always be used to
determine the viewport scale (S).
If D is non-zero, then from EQ 67, EQ 124 can be obtained.
Otherwise, if C is non-zero, then from EQ 68, EQ 125 can be obtained.

NPS038-8G




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 obt ai ned.
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. 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. FromEQ 96, EQ 100 can be obtained. From EQ 97, EQ 101 can be
obt ai ned. From EQ 98 and EQ 99, EQ 10%7and then EQ 103 can be obtai ned.
From EQ 100 and EQ 101, EQ 104 and then EQ 105 can be obtained. From EQ
103 and EQ 105, EQ 106 and then EQ 107 can be obtai ned. EQ 107 only has a
valid baS|s if Gand H are both non-zero. Since |[err]| < n/2, the cosine
(O NPs0388-&&776Salvinafer Fagal Langthy| ways positive and hence non-zero. The
sine of the roll sy, &n&nmeycomm@eme tdll if RRer’z00b| eithé EQMA5rZRS Dt cawBEC] fi C
handl i ng fo QL Z gtorﬁlgll E‘%h anﬂ. éﬂ % scri bed |ntc§ect on 6.7. % 10. This
therefore Grves t GRTEURA! ‘et Reto 49 &8 per g gitghiof o} s ngn-pre Hpweypnn (k) | and
hence the theggisméthe Bhesdf abchd) ¢fiteqtitclband F) M, noalpClonel. Mgwéer, BRQsikDH8E hdi nce
| Lerr ]l = BSREL orliSnk QB Bl Al SR LPEOGHY JBLIRIGROS T Ve, 80 there

is no anbiguity when takin he square roo the sine (F),
however, must beThet@cH qﬁéﬁ‘gb‘ﬁ?‘ aitraly i aties thosign ofbig WB@HHCIﬂnIfSe‘emnon

6.7.3.9. Gexveterdradi KD 70, EQh27 ph bedbriingd.t hen obt ai ned, according to EQ 1093
8.4.3.4 Sol ving (. Ro 0 e obtained. FromEQ 7

EQ 111 and then liicﬁ"zgrﬁhtﬁi??%‘gtéﬁ (a%gl‘ﬁ‘i'l% °¥’ﬁ’§? fore gives the magnitude
of the sine of t hepractite] the holneketides s [EQr 12§ pod mlmShemsa@ohlwmchﬁf(gsme: (G of
the roll by EQlazg%r m@é%ﬁ%dfh@%vr:rgeiggl%;g’%h is 8&@11 {fgfe{n]:l 0 ngﬁg %Jro i nhtge cosi ne

(G of the roll 1s ys positive, so there 1s”no anbi gui t aki ng
t he squar é’“Flb‘B’fim“FFFé’Og‘lzﬁﬁ of the sine (B), however, nust be det erm ned by
ot her neark4.3a8s Sdemgrfortedffsel Section 6.7.3.9. Given Gand H, the roll is

then obtained aCBnce e gverse focg llng%-n (/) is known, the z offset (J) is obtained from EQ 80,
according to EQ 129.
Again, the z offset () is unknown if the inverse focal length (J) 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 < n/4, a roll adjustment of +7/4 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) arc all computed as described. A 3D fransform 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-
multiplying the matrix by a 7/4 y rotation matrix. The roll, pitch and yaw are computed as described.
Since the roll is positive, the pitch direction is now known. The n/4 roll adjustment is finally
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
already known.
8.4.3.10 Handling Zero Pitch and Roll

When either the pitch or roll is zero, the general solution based on EQ 107 becomes

invalid. The table of Figure 85 shows the 12 degenerate forms of EQ 64 through EQ 71 which result
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8.4.3.5 Solving for Yaw From EQ 73, EQ 92 and EQ 93, EQ 115 and then EQ 116
can be obtained. FromEQ 92 and EQ 116, EQ 117 and then EQ 118 can be

obt ai 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 root is

determ ned by the sign of i, which can be determ ned from EQ 80, giving EQ
121. Since | (t;) is negative, J (117) is positive, and IJ < -1 (because
[err] > X), then EQ 122 holds. G ven Ggand 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 sinultaneously zero. Since the
cosine (E) of the pitch is never zero, either EQ 67 or EQ 68 can therefore
al ways be wkaadhetroy is gasionshndervdont e/ MpednZo ped me-adre afdShe pikcl anPrilisrenerougler o, t hen
from EQ 67zermd%&z&@@hp%bgb;f@{igﬂ@g 86 algkpie{e&‘ﬁﬁthe &'efqmgd 1§g1c”f3¥‘a&£[u% l:lhen from
EQ 68, EQ 125 can be obtai ned. NPS03 I'ving for ocal

Lengt h s| djjog gasessyheedbe ilsh pader ol a’(eG?mo‘f’lﬂ“teﬁ@ %ﬁlmotlv%edr?é@%?s appRARe ij t her EQ
70 or EQ T7the &Blaoﬁi&gurdﬁe‘rhetcﬁeﬂﬁﬁlefaﬁ’hBﬂﬁﬁdﬂﬂa&\dﬂk&ﬂwfltEﬂlal:asé eRgéhfréadhe SO | ONg
as either ;a?g idGheor jgpl 1 is non-zero. However, the signs of the sines
(F and H) th % ch'and rol | may. not be knovvn However, the sign of the
product (FFB’N%ﬂS'Q'Ihe sines of the pitch and roll is given by EQ 103, as

shown in EQ 126. T Gesth Glefih n®edSRicHNA i@t kal| |;¥eﬁ§rf%d Embo%n{e, Epd € Sign
of J is known a prigri. If gi_is non- zerq, then from 127 can be

obt ai ned. PR °f @C’ﬁ%ﬂt%tfva em’f"ﬁ'é?f’“‘ls iR il bE@’Pf’E‘B*G‘&B)h%b% sSgbaddr hed. 1n
practi ce, teleeantivdis it Hatmbead othed datjodi@niks2diffang FraQhb28picFichipsedries wini ch of

gi and hi i . ve csgr facal nknovvn if
gi and hi g%lgf%b%&?ﬁn t|119£ IJ@% %Hl?ﬁfes Ithlg\{e;lt}) a.% dm atmilg%g}dﬁrstoo% '% t'2°4 3 8
Sol vi ng f othe Z“’@“?"sétﬂom@édeﬂ fe bt hwitaddte ﬂfﬁcﬁ@%@iﬁCIe@ﬁgft!meﬂ(swscnbedmmpre%me z

of f set (1)spbﬁﬁca%ahaﬁﬂlgfda@meﬁgn&@pm@%Qfogleragreﬁc@a bete. PRI of € Z

of fset (1). focal |ength ) is unknown, i.e. if
the pitch %f’ﬁté‘mr‘ qag’llg'r‘tﬁjt%lieﬁ“?’g cfam§ 4.3.9 Deternining Direction of Pitch
and Rol |
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The sign of the product (FH) of the sines of the pitch and roll is given by
EQ 126. Since -[err]/4 < [err] < 7t/4, a roll adjustnent of +n/4 can be
introduced to ensure the roll is always positive, wthout invalidating any
ot her assunptions. Once the roll adjustnment is introduced, EQ 126 gives the
sign of the sine (F) of the pitch alone. The roll adjustnment is introduced
as follows. The viewport scale (S), inverse focal length (J), and z offset
(1) are all conputed as described. A 3 transformmatrix is created from
the 2D perspective transformmatrix. The inverses of the viewport scale,
focal length projection and z translation are applied to the 31) matrix in
reverse order. The roll adjustnent is then applied by pre- nmultiplying the
matrix by a [err]/4 y rotation matrix. The roll, pitch and yaw are conputed
as described. Since the roll is post#AIM8 the pitch direction is now
known. The [err]/4 roll adjustnent is finally subtracted fromthe roll to
give the actual roll. Wien the roll and pitch are both zero, the focal

| ength and!-z of f Sensiag devise fon censkvmieniaion dess whantpedticatiow enovidowatirert a i n t hi s

case t her esiffice¥8e m@a&%@@bm@tﬂd&ﬁ% 5%'0m§iﬁdﬁ9@ofttﬁ'@se%n%hgﬁégg?ﬁvg:§4 tthﬁ;epl tch

al ready kno Handl 1 ng.Zero Pitch and

or roll i ss“\é%‘;’cfg Sllﬁ?fe éaéﬂ'i'é Fogrd ‘%’I qippsghursndby catpd gt bape uskeReden 94l i . The
tabl e of FrglrsensBb dslvawsiht brgnd@ndrgenag adviee inolodiz: of EQ 64 t hrough EQ 71
which result N PS038-SG 78 when the yaw is variously zero (or n), 7r/2 (or
3n/2), and non- z&kwsingand the pitch and roll are variously zero and
non-zero. The table of Figures 86 and 87 sets out the required |ogic for
detecting and h#rfFHHGn eagEen{igrErdo sopeatpihe efprigvna/dan vving o leggt wmeefbe with
each case dsmddiawiat ed by zeros appearing in the table of Figure 85, The
cases in the table of Figure 85 are |abelled with the case nunbers fromthe
tabl e of Fi gur esa @GmanichicB Zonfi KNG dBhDhcateiripresedia tb Awephtastdaswddeen
described with reference to a preferred enbodi nrent and nunber of specific
al ternative enbodieery sdaptrbineipesra sepsing divide idsatifigppidics atertet! tb distdgaisieths ki | | ed

in the redeﬁﬁ@aévioteiﬁ&hd@ertsaﬁihg@eviawa;b@ésa%q?é.her enbodi nents, differing from
those specifically described, will also fall wthin the spirit and scope

of the present invention. Accordingly, it will be understood that the
invention is not intended to be limted to the specific enbodi nents
descri bed 4-n t heA pnamplhtice spetingftd daiti 1pmherdimibd argitinign dociy Bindise bacvaspor at ed

by cross-rg&t sf8068 vas PPl BF the invention is only
limted by theggftgkhed cfa?ﬁ%ﬁkNPég%§w§%9EQME$e

3. A sensing device according to claim 1, further including a motion sensor for generating at
least one of movement data and position data when the sensing device is moved relative to the
surface, the communicator being configured to communicate the movement data to the computer

system,

4. A sensing device according to claim 3, further including region identity sensor configured
to sense, when the sensing device is positioned or moved relative to a region of the surface, and using
at least some of the coded data, region identity data indicative of an identity of the region, the

communicator being configured to communicate the region identity data to the computer system.

5. A sensing device according to claim 4, wherein the motion sensor is configured to generate

at least one of the movement data and the position data using at least some of the coded data.
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CLAIM5 1. A sensing device for generating orientation data when positioned
or noved relative to a surface, the orientation data being indicative of
an orientation of the sensing device relative to the surface, the surface
havi ng coded data di sposed upon it, the coded data being indicative, when
sensed by the sensing device, of the orientation, the sensing device

i ncluding: a housing; an orientation sensor configured to generate the
orientation data using at |east sone ofp the coded data; a comruni cator
configured to communi cate the orientation data to a conputer system and a
menory adapted to store a sensing device identifier which is adapted to
dlstanU|sh the sensing device from other sensing devices of the sane
type. 2. APsensi figetiidy idedce pecoskingi thglaimp S.cvhaieim the codpredatd i alsh éndisativenf at i on

data is i nﬁilu@l&f( bMefe@:fce fdintd ﬁ@l&tregﬁﬂrkﬁe BbtioR s @Wbeird cRHiflzfril BBheteaObdst AL t he
housi ng rehﬂé nsi_n eV|ce according to claima1,

r
further inClUd’ Oveme “ﬁ’?ﬁatafl‘iﬁ g"éﬁ‘%’b?ataf"&é‘ g’é?lse‘ifétg’i’aﬁtd’“%? the) speyeenlymd PYsHtioRpy ement
data and p@@hﬁm@mgdﬂtanWheﬂmbﬁ@ﬁ$&n§ﬂmqﬂmmmmmmas noved relative to the
surface, the comuni cator being configured to comuni cate the novenent data
to the conmputer system 4. A sensing device according to claim3, further
including region identity sensor configured to sense, when the sensing
device is positiO@HgIevipRreRIdinadp slpim fe Whegeinthe endpdsiatadicluges eriodic lgments, and
using at measmmsaﬁmﬁﬁmgt&@g@ﬂd&@aﬂﬁﬁatbﬁegh%ﬂﬁkdﬁﬂkhhymﬂa&ﬁmwﬂ&h@@tlVe of

an identit tyataoof tﬁemgsm F & lea DQ'%le mi v men ];Eofsll(f-)on Ol%ﬁllﬁg m %yget ﬁt}ve at Rasg ensi ng

conmuni cate 't region’i 310

devi ce acc@FGf%&F#@ﬁ%ﬂ%Wmﬁ4n mhereln t he nDtlon sensor is conflgured to
generate at |east one of the novenent data and the position data using at

| east some of the coded data. NPS038-SG 80 6. A sensing device according to
claimb5, ereln t he c ded daha is.also indjcative of a plurality of

ref erence Points O?ET% SYFR PG Prfkimd ?'n“’%ﬂ%ﬁ?mﬁ§Pﬁam@6%VFEﬂF€6’to
gener at e avmpledstrogia ofglfe siveznov@Eivedatia aa ket birercfp@sdetjoin od@kiadion t he

basi s of aélenleﬁtaiﬁérebg %geQJraté o Ea%%%ﬁ?@ﬁmv%ﬁgat Ea?asz!n& {hQBQfltlgl;\daEah e sensing device

relative to at | east one of the reference points ensi ng devi ce
according to claim5, wherein the coded data includes periodic elenents,
the notion sensor being configured to generate at | east one of the novenent
data and the posh tdngim:; dedadt aacobimnptih@ail BShiSheDincladingl aQiRGhccQRB0f &ﬂ‘@reﬁw enment

and positi e relative to a ne of the
periodi c ﬁgtgnnag{latcgm%f 0?§§ éegsgnsg%wce é’%llﬂgea?lg%stc%l‘r” eremetp(gmgcfrgf CECBPL7, wherein

the notion sensor is conflgured to

10. A sensing device according to claim 9, wherein the communicator is configured to

communicate distance data to the computer system, the distance data being indicative of the distance.

11 A sensing device according to claim 9, wherein the motion sensor is configured to use the
distance estimated by the distance estimator to resolve a more accurate position of the sensing device

than indicated by the at least one reference point or periodic element alone.

12. A sensing device according to claim 5, further including an orientation sensor configured

to sense an orientation of the sensing device relative to at least some of the coded data.

13. A sensing device according to claim 12, wherein the communicator is configured to
communicate orientation data to the computer system, the orientation data being indicative of the
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sanpl e the position of the sensing device relative to the at |east one
reference point or periodic elenent, thereby to generate at | east one of
t he novenent data and the position data. 9. A sensing device according to
claim8, further including a distance estimator configured to estinate a
di stance of the sensing device fromthe at |east one reference point or
periodic elenent. 10. A sensing device according to claim9, wherein the
conmuni cator is configured to comunigate distance data to the conputer
system the distance data being indicative of the distance. 11. A sensing
device according to claim9, wherein the notion sensor is configured to use
the distance estimated by the distance estimator to resolve a nore
accur at e p#&heien of the sensing device than indicated by the at |east one
reference point or periodic elenment alone. 12. A sensing device according
to claim5, further including an orientation sensor configured to sense an
ori entation, of the sen elatjve to at | east sone of the coded
data. 13. sen3|ﬁamﬂ%%wg mﬁ?' $Hl%ﬁnﬁ3mﬁfﬁ?ﬂWT¥ 2 e soaiigyred fecps#idini cat or
i s conf i gutredeipnce gothaaming dtvice Gmoeat relbtive n tikatudact egibhe conputer system the
orientation data being indicative of the NPS038-SG 81 orientation. 14. A
sensing device according to claim4, further including a timer configured
to generate a tine reference as the sensing device is noved relative to
the surfack:regi Oricnsipg devicesispredipggiogdaim dd. et e remmenicgion jsnjorigurediier ei n t he
conmuni cat @fniusicab0itel refeiefd ditdto BITHNEGRES, thel (IR rEfAERE QAL RiEAdalive of NE
conput er S’rX% efterence o%tge gvef el{c?art}icag egx\grgtg'd bel Q I ndi cative of the time
ref erence o &TDY anent o GAT A S FaRarLp dy ¥ the tinmer. 16. A sensing
devi ce according to claim1, wherein the communicator is a wreless
communi cator. 17. A sensing device according to claim1, further including
a force semsor CANkhGEr &ics QedRIMECto daish Of, CHLRRP H: 6dmbGnilaRe 1S Ur fAG&s by the
sensi ng device.. %8 A sensing device according to claim 17, wherein the
cormuni cat S ®nfigured to communicate force data to the conput er
system the force data being indicative of the force. 19. A sensing device
according to claim 17, further including a stroke detector configured to
detect, byjway of \hg Jegsee@@oraﬁfxgee@clzlmq HENS Jnagdug%rg ehsfic d &%lulh@% the
surface and removed fromthe surface, thereby to | entl durati on of
a stroke. ?%“e%@@@ﬁ%@ﬁﬁﬂﬂﬁ9¥@%ﬁﬁﬁﬁ&ﬁﬁﬁng to claimi, mhereln t he
orientation sensor is configured to infer the orientation from perspective
distortion of at |east sone of the coded data. 21. A sensing device
accordi ng {0 cl aj [ (ﬁ% o L gatorals ad ted.to . co ni cate
t he sen5|n% deV|%e H%ﬁ?? %g%rt ﬁ%yggﬁqummWh ‘mgmm‘mcmﬁi R
communicate force data to the computer system, the force data being mdlcatlve of the force.

19. A sensing device according to claim 17, further including a stroke detector configured to
detect, by way of the force, when the sensing device is applied to the surface and removed from the

sutface, thereby to identify the duration of a stroke.

20. A sensing device according to claim 1, wherein the orientation sensor is configured to infer
the orientation from perspective distottion of at least some of the coded data.

21. A sensing device according to claim 1, wherein the communicator is adapted to
communicate the sensing device identifier to the computer system.

22, The system of claim 21, wherein the communicator is adapted to communicate the sensing
device identifier to the computer system as an encrypted sensing device identifier.
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22. The systemof claim 21, wherein the comunicator is adapted to

communi cate the sensing device identifier to the conputer system as an
encrypted sensing device identifier. NPS038-SG 82 23. The system of claim
22, wherein the encrypted sensing device identifier is encrypted using an
encryption key. 24. The systemof claim 21, wherein the comunicator is
adapted to communi cate the sensing device identifier to the conputer
systemvia a radio frequency signal. 25. The system of claim 24, wherein

t he conmuni cator is adapted to comruni cate the sensing device identifier
to the conputer systemvia a relay device adapted to receive the radio
frequency signal. 26. The systemof claim24 or 25, wherein the radio
frequency signal is a Bluetooth signal. 27. The systemof claim1, wherein

the menoryzis a NRRewH AL BREMhe & &Qalsﬁyﬁévﬁmaerfuﬁ&h@én%z@ usitperein
t he Menor Yanlefergptibidd- onl y menory. NPS03

24, The system of claim 21, wherein the communicator is adapted to communicate the sensing
device identifier to the computer system via a radio frequency signal.

25. The system of claim 24, wherein the communicator is adapted to communicate the sensing
device identifier to the computer system via a relay device adapted to receive the radio frequency
signal,

26, The system of claim 24 or 25, wherein the radio frequency signal is a Bluetooth signal.
27. The system of claim 1, wherein the memory is a non-volatile memeory,

28. The system of claim 27, wherein the memory is a read-only memory.
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