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invention relates generally to nethods, systens and apparatus for
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nmoved or positioned relative to the surface. The invention has been

devel oped primarily 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
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2 The disclosures of these co-pending applications are incorporated herein
by cross reference. BACKGROUND Presently, a user of a conputer system
typically 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 bulky and non-portable.

| nformation printed on paper can be easier to read and nore portable than
i nformation displayed on a conputer nopitor. 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 systems. SUMVARY OF | NVENTION The
present inventi ofby disgesass ©f thgseserpsiding ehplijabens fagr ingepreatait hengp Oy icest at i on
dat a when rep@sdéest i oned 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
being indicative, when sensed by BACKGROiNDy device, of the orientation,
the sensing devi : i.entati.gn sensing neans

conf i gured to e%%?eg{gghy %}eg}:\?)lrcl’fJ el?1utte9%’J ﬁ%ﬁgﬁmoﬁ TPty “”8'[&““1 P “Sglé AECMSF t he
coded dat afr ﬁ%wwéﬂﬁﬁﬁﬁ@ﬁ@ﬁbﬁS%%%%h%m@bm@wg®redmmmlmbmmmmt@&ﬂamkhen

orientat i Oitefidt & fodetul GORRULREL %Mﬁ} ﬁiznnoﬁ Bor@bip) rﬁ%ﬁi{aﬁ&%ﬁé@@ ﬂ: TN dan ‘og
or

orientati or‘_gmolr (t)%acl dl ndi crttﬂtb‘eve of %{ itch an

housi ng relative t8“fRere ??@P% ﬁﬁm%%ﬁqﬁﬁ%%ﬁ§Pﬁ@ré@WP@@“ﬂ#%Iudes
not i on sermlfeﬂg’aI#Bantslsef,@pen@en@h@end@y hichs @teability tdmtract Wiiedd g ssfengl Ng devi ce
is noved relative to the surface, the conmuni cati ons neans bei ng
configured to comunicate the novenent data to the conputer system
Preferably al so, the sensing device Q%&LCldes region identity sen5|ng means

configured to senAsen oMkeBI 1HrERN FivEiod %Véo%m!: %dv%@eg bpﬂagcl)nq:rap
relative tg a.re lon of the surface, and using at |east sone o e coded

data, regiOR 1 deRtI Ty data indicative of an identity of the reglon t he
conmmuni cati ons neans being configured to communicate the region identity

data to the conmputer system JuURRIRRY SFINVENTION

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;

a 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 using at
least 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 personis 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 d&nwiengioreaniss ngosmefgebly drects te oemtatien afthe bushpelaiausi ng in
all three g RAS ORSHcally 25 E’@lﬂo@ﬁg ﬁlx’ﬂ(ot/édoﬂﬁ Rbushh@ mgﬁﬂag&atu eR)HéaXe SF 3 WBIC}} &Gn as SOme

applicati ogsh% not E‘h hr ee- di mensi onal ori‘entation 1 nfornmation. For
exanpl e, Shiicalli:Va eB’QO‘{‘E%‘H thedhopsing ay they shapm ety open gFhe doysing tmag foe g

devi ce, suphvided with@mhmin@sis fot yarkihg @e bukfglaf bubthis fshet eweliime of a IoudSpeaker
by varying the pigt¢ nd. 90. The roll ch and w

cal cul ated by det %cﬁuﬁ%&%@ ﬁgmﬁ et |°§"tal<15‘(r13 f"grr?ear‘li%aﬁhcgts’ésfef’b‘ﬂy “LE?H% coded
data. Fir sty a pasog aﬁ‘gwﬁrj%@n@&ﬁlﬂémmlhenWﬂ otitrertiopgignala tansenitde the r st

appl i ed t OhdibiGy 15 U fBE R aéj&duckV\ﬂflﬁ@xalnﬁlds%@%%%ys&&%ou‘i&'ﬁé x‘?é&temth"ﬂnjeé‘dlﬂ‘%‘ bet ween
force app“&%tlon and r defined as a, stroke" in freehand. The

force dat afKi"dARRATAGH ﬁ%{ﬁ “’B‘e‘t gﬁ‘f“aﬂ}f@dﬂ“ TPratalign e yReas o synes ¢ abl y a
separ at e i srjshiativef thelpmsing inhlhgret bigemjpps DBty Eetsefﬁﬂi&amﬁdea& onlgith‘égiks sAdmabove. It
may be any,shapge n r - abl o 9 L S or pen.

Pr ef er abl y,pﬁlt he a%%yarog%eﬁg ﬁjlmgg %ﬁaﬁ%@? %gddepil l%ggrzm?on ni bex?mopr #‘ﬁ?‘ﬁ‘fsﬁﬁ "fhe
surface wi eHsHan docads ekl |a‘hi‘56?°hﬁftﬂi dsrice, Bugh at the Blterl%ty by ligh et olune offhe

appar at us lbﬁls;ﬂ-ﬁl&fBiﬂﬂhdgﬂlefﬁt&nﬂﬁgenf()@ﬁnd@@‘t eraction with a conputer system
that can be con %) ged and can int ret hand-drawn i nf ormati on (whet her

drawing or writi BT AAGYAyma b, ate@/]’%defeﬁté‘g(ﬂ%f%e?f’éfe digpréprernd ptagion t he
sensi ng deditceodeddager r anged to provi de device identification information

whi ch uni quely Iﬁl%ﬁ;"llfdé!g&;llsgpto &glj'x&%'whenmge apggvustlfeﬁrsfsaéshe tcligaymbt%her fore use

this to identify th Vi ce {ures and age

i nventi on Wer K lﬁ‘é‘?fd'i‘ﬁemﬁi?bd’ﬂ@n’ﬁmlﬁ? bqwqelh@fcfedpﬁlﬁwongﬂd el e idefimed fs 2

enbodi ment ‘siroké @t feekand. b‘yef'd@yddiﬁcmieﬁﬁﬁﬁ@lcgi&mw h reference to the
acconpanyi ng dr vm n amm BRI EFWBESCRI PTI OF WNGS Preferred and ot her
enbodi nents of t veﬁtlf BIEEPY 12 Wb P lRet Fondine BY RREYIBT TERIRES | i i ti ng

exanpl e orﬂisyussedfiawwe ﬁteliae bemg ehapabut this pafeabipatyfomcpfabigwi dags, | n which: Figure
| is a schemati CPI@lt:raﬁy ttﬁkeapﬁﬁén@tﬁcggﬁgfepa BME:Q & u?amltﬁe SBII:fEIICQ tvn harrlls-t page and

I'ts online aev?igneformgtgni Cblw’utI is 1s 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 uniquely 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 2 the relationship between a sample printed netpage and its online page
description;
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NPS037-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
view showi ng a rel ati onship 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 image processing and decodi ng al gorithm
Figure 8 is a perspective view of a netpage pen and its associ ated
t ag- sensi nH&FF eisd-sgpmitic gigy ebmiateractioh baiween Ondipeepep e metpge prinke, a@xtpdeoped Vi ew of
t he net pagenpemdshewde hdplidaligheSe8; Figure 10 is a schematic bl ock di agram
of a pen cgntrglll er for the get page pen shown in Figures 8 and 9; Figure
11 is a peP&pectiriaesa glyetm ohnsipae SP%&WP@H“‘W‘S’%&@‘@%@WHP@?W“H gure 12 is a
secti on t hFigugH it hechemmigti=wobf 4 high-leed PRGRAreDITi anrted Qbtpdob Qo B doline Faiggur e 12a
is an enl ageggfl‘jﬁoqprti on of Figure 12 showi ng a section of the dupl exed print
engi nes and glue wheel assenbly; Figure 13 is a detailed view of the ink
cartri dge, FIFf% is aplan vereshgiingea syaetirs of agpidhgpraient  engi nes of the net page
printer of Fiirg6!s@plad e BMidwih@ o rdiGhif bekdech $ seofSENERI B WE B RR)S i 2a58M of a
printer co‘g}tv{eglotere forS t he netgagz rinter shown in Figures 11 and 12;
Figure 15 78 5B RECTE HISER ‘ﬂg“a’ﬁ?%ﬂpﬂ%ﬁ’ﬁ‘f’exed print engine controllers
and Menj et Hifrpt is pflévehasof a ag gt @b@dinghidiiedolidg ggdritirer control | er shown in
Fi gure 14; gkl Ok b; i I m of the print engine
controll erFf%ﬁ%%%g%%geu‘?ei&?ﬁ@%%&f%ﬁg Eﬁs%ba%g Ea%‘?'mlsnslg %l%’e'rvée‘ﬁ'é:%’lei ve vi ew of
a singl e NVERFetSMPHPFGTS spfodst st the ngpaggpenthiwn in Figye &xanpl e, the net page
printer of Figuirglori€sscAdhaticbiokR diadring b 2@ enl & nird¥leFofiRS n%@fg@&aén\éﬁovéﬁlu?wfglﬂés gansmal |
part of anjarray of MenjetTM printing el ements; Figure 19 is a series of
perspectivé views illustrating the operating cycle of the MenjetTM printing
el ement shdguee §lns dHietjpacéve ¥YBW of4 walirreouBd netpage ppmerspect i ve vi ew of a short
segment _ofeidnRGenkbMuleH R TURE hDIASAdFr Bl e 21 9 & schematic view
o

of a user &l ass di agram Figure IS a schematic view of a printer class
di agram igure 12a 15 an‘enlarged portion of Figure 12 showing a section of the duplexed print engines and

glue wheel assembly;

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

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

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

Figure 16 is a schematic block diagram of the print engine controlier shown in Figures 14 and 15;
Figure 17 is a perspective view of a single Memjet™ printing clement, as used 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 js a schematic view of a pen class diagram;

Figure 24 is a schematic view of an application class diagram;
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Figure 23 is a schematic view of a pen class diagram Figure 24 is a
schematic view of an application class diagram NPS037-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 el ement class
diagram Figure 30 is a schematic view of a hyperlink el ement

speci alization class diagram Figure 31 is a schematic view of a
hyperlinked group class diagram Figure 32 is a schematic view of a form

cl ass di agFis 25 ik gphematigdey of agowmbns pmitregy dcamonflasadiagrgist al i nk ¢l ass

di agram Frgut 8 i34 schdnadc SSNETRbIuBer hﬁ\ﬂa&fowﬁergh!p%hags d%ngeclE,B nt speci al i zation

cl ass di agFam Fi ggre .35 is a schematic view of a Checkbox field class

di agram Ff§UF & 3g5peac vendpdirpipal glemeyt wecializatiay tlass disgrami c| ass di agr am

Fi gure 37 Figwalkis hehaiadicviss @wsotc censitgRahiizaentheldeahass di agram  Figure
38 is a flg ; I r sing,algorithm Figure 38ais a

det ai | ed fﬁgﬁrg%%%%&g g‘ﬁ%&g eg%ggﬁ?%%m g\?\%‘%ﬁ’ (" of Figure 38; Figure 39 is
a schemat i Eig%¢ #is vichanapade’ e hyrstinedemrairecalietiorassclizges; di agram  Fi gure 40
is a ScherTEigniréBMi;@Méﬂaﬁ@déﬁ&@ﬁf&%ﬂ@?@ﬁﬂ@%@&&rﬂ;aSS diagram Figure 41 is a
schemati c ﬁj ew, of a favorites |list class diagram Figure 42 is a schematic
view of a HPEY&SA IPEPicYiad afmgesdeea® gure 43 is a schematic view of a
subscri pt | Benre? 5 yshemativ wdwof @ digital Ink glass @diaghdm;i S a schematic view of a

hyper | i nk §; i i o | $.a.schematic view of a

hyper | i nk ggﬁ"%z%?%iﬁ&%?co‘?éﬁ%ﬁ% éfrgﬁgsggc%gz%?lgdc}sss%ﬁé%ti c viewof a form
submi ssi onFiProt dtbichematy ity of 2 ghpckbex fieldddsediagrame vi ew of a commi ssion paynent
protocol ; Fibgeseds ABhdnfiticvienedTe MR flel cMbs@ieg@f; @ set of radial wedges making up

a synbol; ..Fi e 49 is a schematic viewof a ring A and B synbol

al | ocat i onFlglé%eJ’rﬁse%scgeﬂatécu‘?eé“gﬁsl E“ff%@ﬁ %My ew of a first ring C and D
synbol al | Geat 8dve &oklerref a iffuguecessbd algsiten; schemat i ¢ vi ew of a second ring C
and D Synbﬁ&ur@dSlaQQ@EthiQ@ﬂm%bne sl:ebgﬂﬁeeﬂo%hah%fﬁgﬁ%em“ c viewof a

triangul ar_tag packing, Figure 53 I's a perspectirve view of an icosahedron;
Figure'39'is a schematic view of a page server command element class diagram;

o

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 is 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; NPS037-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 opti cafieuxesis pfchapapeyiew of GisgronddagdBertion @seschemat i ¢ vi ew of a curved nib
geometry; Fi@slsds DRndnduidiSH L Mk ke idd G Ak, an interaction between sanpling
frequency {gmd é%a fée uené‘y; Figure 67 1s a schematic view of a pen

opti cal e ‘gfﬁC 8° Va7 of afquplhiemigpertiopfasgy st roke capture al gorithm and
Fi gure 69 Figurablsichehmtaiicvian @wpaforiantstiomrediigitd adurthcdk cl ass diagram  Figure
70is ata | N . ions nunbered 1 to 10; Figure 71 is a table
cont ai ni ngﬁgﬁﬁgﬁ?%%gﬂﬁﬁ%ﬁ%r egg?fﬂﬁloge ”ég,y Figure 72 is a table containing
equat i ons FigpEritschematioviovgel 2 perirglligeemd®; i s a tabl e contai ni ng equati ons
nunber ed 2Figtr©6434a schdma@iiiy of 4 pénSodtdih 8o RN LRLIEH . ered 35
to 41; Fi gure 75 ige a.tabl(ﬁiagont aj n??%é’ equat ?gﬁg nﬁﬁg’g‘%’ci&%%f?%g’ﬁ4;

Figure 76 1885 ahiemeiniey de Agvdghse9m5i%5 nunbered 45 to 47; Figure 77 is
a tabl e coFiges § ingscleguaed iond aniariaaios tetwdn tatplink; freqiehd WiidRagifqiesicyd t abl e

cont ai ni NOr;GALAtL PREIRSS 24 . . Figure 79 is a table containing
equati ons riurrberfed 55 to 570; p%%ﬁ%%ep%éb is a table containing equations
nunber ed SEE¥G850s flowehagof esugke cppfurg alggsiims andont ai ni ng equati ons nunbered 60
to 63; Figireso82a dchemdticviddl of a EMHgRbMkRGsQ8HAMI ONS nunbered 64 to 74;

Figure 83 . rea70ft.abtlab<?e cont ai ni ﬂ% egugti ons. nunbered 75 to 86; Figure 84 is

a tabl e containing equath Ong™ F47°1% 99; Figure 85 is a table

cont ai ni ngFigepidtis aiade qentmibieg enatid@Omtigerdd 11 1o 20;
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 numbered 58 to 59;
Figure 81 is a table containing equations mumbered 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 88 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 86 is a table containing equations nunbered 112 to 120; Figure 87
is a table containing equations nunbered 121 to 129; Figure 88 is a table
containing a set of degenerate forns 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. NPS037-SG 7 DETAI LED DESCRI PTI ON OF PREFERRED AND OTHER

EMBODI MENTS Note: MenmjetTMis a tradeymark of Silverbrook Research Pty
Ltd, Australia. In the preferred enbodinment, 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 bel owpgrnieED BESORIPTON BPPREﬁtﬁRédﬁhﬁrﬁTbﬁﬁW@é?MEﬁﬁ" gSystemis
described jn its nmopst conplete formto reduce need for external

ref erence %Neﬁ’éetteﬁspﬁtfaﬂi;‘“?r@w&?é?r%ﬁké*ﬁﬁmfwyéﬁmw in which the preferred
enbodi ments and &speotrgerefl ehmhﬁiuﬁd’nﬁ&&nﬁwduﬁdlﬁi@tcbﬂfgu@&% ab@. m{hnthbrnbt&i eSUMMAry,

the prefer ne ste uter_ interface in
the formo egg%rﬁﬁgppepg‘ ° tf?’r %caeﬁgfl%f?ve%mw OTW?‘h”B fc’q%%i ﬁ?’gé‘%’“’me% HatBht ai ns
r ef er encesevey @plerpeptadsn Vtﬂheecesmb'featb@mﬁlomvsn ln@sclofiﬂm saec&fm dpeitsend siesda@m The

map refer eﬂ&ﬁﬁe&ﬁﬁwtﬂﬂeﬂﬁ{ﬁr‘[& @8Ry sﬁi@mm@p rtﬂe%s%m iSRRShA% ‘tl%’o'st(‘c@m Lependi ng
upon the spem fic inplenentation, &tP‘F references nay be encoci

visibly or Phiyirel s SF ey ea‘é’F?lﬁﬁﬁeq"‘“nW‘?H mat“\&é‘i/“ﬂflﬁ%ﬁ“déllelc%f‘&mém’é‘r‘}w on the
mapped sur frefereed ginbddihen@a mnd aspRENITitE posLat ilRMoh peience both within the map and

among different pRRSr, ) ontain informatiaon about
features on the mappfe Ttg{ge%%r%dﬁ%t?{éﬁe neﬁqaﬁe TET SHPIRRA CHBUEE tf"?aé?/ed
based on nphedermef ewe@sd %‘Eff&ﬂﬁsl thas &, iphysicabeface mickiemiavercirseds Wiatomp bibe mapped

surface. Tdafack Ra@kaRA kO corkpiids syrst%ﬁlr’rl%\éﬁ'ag r618Bnch P8 b Rferie® b P bppRpliliONS whi ch
are initiated ut er em on behal f of the operator in response

to the operat! dxmei ‘ﬁ?pé? 1P3h f P leggriigrdhy ‘@%P[ ’iﬁ’?eﬁg"’es PRy P eqdpdf er r ed
form the ﬂ@ﬂpagtewsl;l}staedrﬂqﬁeédl xesucbra waj ¢hapa ekl Qlicryosm d mappedsulfataBiRlds an

| nter act! Qhaiibhs A5 ARGE S0 THER S ALE RIS, Bl i 18 BRULGS, AR, TROS

printed on ordlnary pag erac a es.
| nf or mat i o™pE i Wt Teagren, o g anaprst! seyEipd Rnd vl ﬁfqnsatmrs ey e aﬂmvai ly

i nvi si bl e Ha&dbhﬁapmﬁteﬁtﬁﬂsubﬁlmw ¥ @ing I8@e bRl withOVBYBES sudded ThbaieRY.of he coded

data, can n otlcal pen and transmtted to the
net page sys %m dsc eeyﬂﬁe?fg 7 PR cﬁlareé{%l ggyﬁﬁYWW?SWEWMPWﬁ(s on
each page (@erﬁfomreeﬂon@kcetue aetator’ ilhteractpemtttubesue“cpa@emm nformati on fromthe

network or to sigN@A pRERIERLENCAS nlfagd RV &Hh\é%du&fan QR aéld%l gdi ment,

text witten by hand on a _netpage I s autonati cal recogni Ze converted
to comput dpteraction with, netpages. These are pages of text, graphics and i lmages prmted on ordinary paper, but

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

In the preferred form, active buttons and hyperlinks on each page can be clicked with the
pen to request information from the network or to signal preferences to a network server. In one
embodiment, text written by hand on a netpage is 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 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 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"” gorm containing name 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 NPSC37-SG 8 description 5,
stored on fhiptigatpaged nethportkace dewoki dsesbds e indiddual densehis of depapage.di t he
net page. | phrichiafit desdib@lind t;peq@maaab@éenf @&e} af%ha{a&acﬁmie&n@n (f%xtteﬁ%m(mzon@ of

each interactive el ement (i button Int exanple), to
al | ow t he HEPHade eéi}%"&eé»r{? f“lﬁ?“’ébfrffe@e&wsww é?rﬁﬁt&tmt?rnfﬁwpuwwh@ rerasetlpage. The
subni t but 4ubnit Gptchos, fexatmble, hdas zde ZOWRICH WkRRIsCO e SRR AtehtOott tlﬁ@ spati al
extent of [ ding graphic 8. As illustrated in Figure 2, the
net page peér?pr%Son%gggSag?g;rred formof which is shown in Figures 8 and 9 and
-described in norés destaicl ihikuse?, tondkeags mn dohj2 wretid formiof Which Weliqpage pri nt er

601, an InLe&Rehd @Qﬁﬂ%&&@mﬁﬁdﬁﬂiebﬁge}@xpmofléﬁ%@nj&{eﬁonm ne %@ prknter &1, mobi | e
use. The r&al S wWireless an communi cates secur el wth

e net page
printer vi aé’ e@ﬁ&??“e‘i":‘griﬁ‘ét“}gaf’ﬂi’lﬁnﬂe fpfichogre, offige "i‘ié‘i"b‘é?g‘t‘ée 2P Refels WEelgss AH?
preferred dommnm@iesvdweihmﬂsthsﬁeqmpnmeﬁnaguh@&mﬂg&raﬂﬁlmag and described in nore
detail below, is e on demand alized
newspapers rragag?eg%gméeoprﬂ% o Epﬁ%%%ﬁgﬁegia‘gﬁ g S E BT cl@alt']ggéémpal I
printed atdeHribi Buars tdytaléé’elof‘fmse?b&‘ctq @@Vﬁepm@eﬂﬂy C@Jrvlnl <I@ela1a1, peredizel

conput er, dchgapat ﬁﬁg@m@r l:aﬂﬂc@§ w&h‘a@ aﬂ@@lhbﬁﬁ&ﬁﬁ’ca%& Gh p?lﬁt@d thgl f Qhiity §xanmpl e,
wal | - ”Dunt&ga%é (5‘p ﬂ? rea wher e the norning \{vs i rst” consumed,
such as. | ritgreetytiaets, ol g sonaqier fheaaites 8 A oPlgee Wishean efor

househol d' sampis, well-mbungd pdirdentriear gea whae tighayornihg nerk Bdirst emm&dlsnchtaahi £t op,
deskt op, NREtARLHEN, ARE 2 sl YHE o}’?reraﬁt!m%'o% ehIPL B&Q%?d%gﬁuﬁett%gthgé GiJ point
of consunption conbi ne the ease-of - use of paper wt 1 1 hess and

i nt eract i VP TBbletpp. foskian aertably andimigistaRyersiess-shown in Figure 2, the netpage
pen 101 inter aCtEetﬁﬂgésl‘brﬁtb&at%d@dntdﬂh@s@@n&l dafabind ﬁ@ieaséjﬁiu&afﬂ ap]zr WiltChe

conmmuni cat elmey and era(t;lortotr an%rac V%.dl Q link 9, the i nteractl on to a netpage
printer. 'IL N ar sen ttlhe iWferaction to the rel evant net page
page server 10 fé?r Shom erli)zl@t Attheoretpagerpen dPpintpets avite theicpded iisth ame espted he page
server sengagR 1GAI ERIRABHNG /BSSRAGL ddb ﬁﬂ@' &Qaktaafbn‘%@m%&r ringrhNar e

runni ng on a net pﬁﬁe appl i cation server . application ‘server may in
turn send PERF &Yp T ignstothy risgent 6‘FFP"ch|é’a$’ir SeHFPNH foRduatppeitear I The
net page s ygireptiaic Sirevirdiences) S ipake rsarddr endD s CorR QoMY riSdagd 18 apglicatips fupheed
enbodi nment

software running on a netpage application server 13. The application server may in turn send a
response which is printed on the originating printer.

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

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 image quality. Indeed, the netpage
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by being used in conjunction with high-speed m croel ectronmechani cal system
(MEMS) based inkjet (MenmetTM 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
together 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
20% of t hesetem Fnebermaibbed geing edisibge congiguar mlqstcnnd)pwaﬁﬂers,wiﬂﬁolagtsdhewm will
CONNECH i 0NcraRoreidlly 1BNAPH UG Y Rl aclbRE A o QNEE LTRORAAMA difeY
| ndeed, the netpage system can usi ng existing
consumer i W@Pe%&lelnéﬂi’%&e Sb?‘%ls é'P%ed & & PEg HmllmP?é I3 yult eferaiubedimagsethat e nor e

slow y andnemaéel sydideis Risd & @gle e&ﬁmﬁﬁ&%@'ﬁ}ﬁm EnablEQIVice, SR URBLrS poi nt  of

view, In other odinents, t etp e stemis hosted on a private
intranet. In sti ﬁ?tg%gf’ ﬁlﬁc%‘ﬁ%%‘f tﬁetgrﬁg’a ST S %“ﬁgq“é%t‘? LIRS PIRY on a
single conﬂp@hte muhiwa@mmunmgﬁen@iﬁrzed’ed@iwaicwbh@uma aps delivped atienaticaietipage
publi cati ogabss@gﬂgeaépagé {,fmerg he moqagg aﬁtﬁ&nweign@r ﬁte&gpyag&m e(i»elfs@laﬂ% | ver

print- quality publications to ne printers. Periodica i cations
are del i verREratings Hrikedand Hrated a%‘iﬁﬁg’éfq "Eﬂ‘ﬁ@}‘ah’éﬁfp’é@és printers via

poi nt casti ng and Ameiplge paSEr cligbe kIR to sﬁ;ﬁpﬁh@ﬂéﬂﬂu&berBEﬁe&i@gﬁidﬁeQQ?n work
publicatio i ed and formatted. ac i_.ndi vi dual user
profiles. &ﬁlﬁ%ué%g] Ogr%i&%a?e mceésnﬁlﬁhée BB lmd’ re tmg’ eﬁ%ﬁ%‘?"igea U8t of

pens, and idenifam 4 baysaheld kay hoive MCOéIPPyOmemerled uﬂpasﬁamﬁage apighette eash mémbet he
preferred drleRa® Nndlallow caideh toRBIRAGEIREN pDAS with MPLAWE neble Blildigl - A
househol d may have a coll ection of col ored netpage pens, one assigned to
each menbe¥™of PRIy, This all ows each user to maintain a distinct
profile wth respeebpag @cracan elsplegegigpaidl witat ne@ipe regefrwaﬁ se@‘lfer apaidilﬁmiit@n
server. A petp st i stration
server 11 ané Flglﬁkpg mc%o%lé&%? b%rag%ae Cr%r)ern%?m 5atyﬁleacc es‘fc dy'f“ﬁ'g ‘{I ows

e- comrer c & PaiffBTRIEe 1Y %n%@wp@aﬁytmm%m@e@s the sidnpfpre e4parad Y fhagerapen. The
net page r e@h Sifith atgr@RuSLFYOEred AFRRRE SloWig 1§tbgﬂt§énuéa€e EaReM RELiBY the. net page
pen vmth a | eV| ousléth etgl stered sl gnat ng it to authenticate the
user's i deft m 0 an &= U R 85 & et V?ﬂf%@f’m‘ﬁ’i rYE‘P‘P‘? UdheiR2s5IPED be used
to verify m@@mﬂnggxpnnt\scmmswgnﬁe@in atshelanaawpﬁgenmgbreglmdndude&rfl nger pri nt
scanni ng, veri f'ﬁﬂmh@l a%elﬁég%tluﬁ'é‘r &'ehpey pénlatﬁca Sacﬁ)lq fie 1n& ngltle ahe? Wit VET -

Al t hough a net page printer |ver perio S su e norning
newspaper HRiFtHBLAo0E gn bp ﬁ‘i“éﬁ‘\%‘ﬁ‘ﬂeb?‘? delivier yagahicifsd ivalo apif- @ﬂwf%@mﬂb del i ver
unsol i ci t esllyjdeikrs mﬂohmaw fRoni duBsciifel bieitefse aftfidtized sburcc@ A Yis k3pdcty BE ey | 0di cal s

from subscr.i se_aut. orlze Qur.c In this respect, the
netpage pri ?1 lg'rnglﬁ(% unlma%eeor?'gl%l TRRR 6?V181ﬁﬁ§|apyﬁﬁl&’8ﬂlﬁ’i Wﬂi“%‘?f s visible
to any j urikenferemanbeppremkihaidsst he

1 NETPAGE SYSTEM ARCHITECTURE

Each object modet in the system is described using a Unified Modeling Language (UML)
class diagram. A class diagram consists of a set of object classes connected by relationships, and two
kinds of relationships are of interest here: associations and generalizations. An association represents
some kind of relationship between objects, i.e. between instances of classes. A generalization relates
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. | 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 classesyy 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. classtsclass, shastsldom thaghibgé hg by b dortpasininadn de ciestdapghewhicthdlidved Wit h

the nane ofowehig o EérQQ%MJJeveQQQ&eﬁédnS alist of the attributes of the class,
separated fromthe nane a horizontal line, and a |ist of the operations

of NPS037-SG 10 APH@O%%“&%@ draw pcirling WOHInE P RlasteR opfonslly fabelisd pejcither ond with
hori zont al thb |nim1phd1u9 df ke SsboafafionCl TAE dEERR Mdlhpltbityf B! dn&®Wn a&bamtewrindm@c@seﬁ ations

are never An assom atio t wo, cl asses,
oot ona | y et el m ) 28 SREAbS oo oL B Pl b e o

associ at i o#lse Gph@laﬂbehbalibd atrpither jepd wigh thy rile ofothe corpspomiiteailass IAn(O’bén dimghin¢ at es a
mul ti pli ci faficdad tiorl aociab&f PisQhrt-BPY, Gnd FRGIWASS BE 185100 onal l'y

| abel | ed with |Stan_n%gaérrgea e R N B o OPBL O Y
the rol e of*¥RE BT respondi ng class. An open di anond indicates an

aggr egat | on asso@i @bdraivatio feltignatif ¢Bfa"))is driithsia SoldItAWDingie t&d’l@as&ggﬁﬁgﬁt or end
of the g‘tﬂ{eqamlowl Pedbﬁjglgle)artal g%malzgﬁ)t% reI ationship ("is-a") is drawn

asasolld |ne10|n|ng “arrow (in the formof an open
triangle) at the“ﬁ’éﬁ%‘ﬂ?ﬁ?ﬁhi@@rlehm’@ﬁdp mmmp&d@gm ani chpepvebivhiissiuplicakdem up i nto

mul tiple déhaﬁ{ RifBa da8RY o@hRSS alVhht BB mhis dﬁkﬂh'wﬁ@ﬁ EGindsSt. It%rkgél% WhtRiRedashed
outline in but %Elédnal n di agram which defines it. It is shown wth

attributes oy oy T is defined. 1.1 NETPAGES Net pages are the
foundati onl.dn whNetragesmet page network is built. They provide a paper- based

user interface t?let?z!.régJ Arélﬂ@ﬂ?hdﬂﬁoq{ hkcsur %e nﬁ&g‘fé%ﬁ%uhtvﬁe?gfo%l}ice?ageﬁ net page

consists of a printe ag@ e region) inv gged with
r ef er encesPad usgRinsHpcE fepu %f‘ér‘lif‘ij’fﬂ?t@ﬁa’@fmtffﬁ’éviﬁa’g@es The online page

description is nai rfbtpage%ﬂsm&eéfsd ;l’ix@aatdaye (oPYther ﬁﬁioeafgﬁonpaﬂﬁlb@%géé‘d witd N€ page
descripti onfegeec%é:{oan % ! E} e ut _and content of the

i ncl udi ng TEXTS™ §fa SSTREPoR g Ea§c f okpeRse §°6‘P'|‘°Béssmal“}‘f’é“eiiﬁ?5ﬂ’i‘e“@f enent s
on the pagw,a nemeaew&ewgr_verbmemmsieschylpe Ads¢ribkssihe siitle faypudnd bontindef theAagret page

al | ows rmrihéllﬂﬂ]% tg@dé?ap‘ﬂfcg Qldaimgé%g.g@gl@o B&Ain Nt En%ut elements on the page, including

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

surface to be simultaneously captured and processed by the netpage systern.

Muttiple 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 1D 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 wircless and communicates with the

netpage printer via a short-range radio link. Tags are sufficiently smalt 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 all ow

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 iy 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 detai

bel ow. Tags are printed in infrared-absorptive ink on any substrate which
i s infrarepkncefrlablyiimage at lssiohe ageven oi axinle chidgethe phedr isiimfortar tak thuger| engt hs
ar e | nVi St Rbnt Ot BeeWTBA EfonDbil 0B Gt m&@%@& s %%ya%Lac&n sgate

i mage sensor with an appropriate fil I's sense an area i nage
sensor in THdeshdegyagETHEprectaby creprsd an{'&k‘ij'é?“apaﬁ§illt telgreatie pefesd damage. t he net page

system vi a the na@ss Bsjagdplepageer [hﬁainlihﬁlﬁ la. unkjl€ pfd8 NnstaficoWoF @Aclﬁﬁrg@n&ltpagek
comuni cat inter via ra 10 11 Tags
are suffi cﬁ%wjtn? QJm":lml(?alm %ﬁ%’gﬁ% Ser's‘éplp i‘%ﬁ&%cﬁ?ﬁ“&'ti{ %mr&%ﬁﬁﬁ%’;c@@"ﬂ% pen can
reliably |de@n@@nqt@afst one tag even on a single click on the page It is

i nportant that thg PeAWERCRRN RE a%b@es RO AsRRS id @ J}frgrédﬁ
interaction with the %&gapa[gs' nce It) eractlon Is statel ess gs are

error - cor r &&°YB Mgt B meEce ‘StaFF@‘r‘ﬁt%ia‘T‘lfhlbaﬁlﬂgF NeBPEs PERET Yhish SRttt o

damage. Trmdnﬁmpagmepa@geusarmreqmmal ns a uni que page instance for each
printed nejpage, y {sn:oﬂ dg it to maintain a distinct set of user-supplied
val ues for 1 nput ds I'n the page description for each printed netpage.
The rel atibAdhi pT@ﬂaE’méﬁ‘?nteIﬁé page description, the page instance, and the

printed netpage Iﬂa%r&t]ﬂ%dnrhagﬂ tggha&uées mﬁh@;&%@m&ﬂ%&@&&%ﬁ%%&%ﬁ' pted wth
bot h t he tgaégﬁa%mgrl nt er rinted it nd, if known, the netpage user
S

who reque fhe gegfqg-ﬁaﬁ@a ntajn Sags which dﬁﬁ&f"éhccfﬁ%‘ﬂnéﬁi‘ W]POrI’P % ‘Ppeferred
form eachag dpeiodenid fligeists tring, foe gtammple) :ﬁgrmlhd el sbﬂsmgmp@carts ,pmaﬂel téclRclt ocat i on

of that tag .y, rw]g% zfs?o%t@@mdﬁth%%éﬁ%}'e&ﬁea X n'; glﬁ?ol fh a%"% ch relate

to the region as a or tot may, for
exanpl e, sryARP rHfertiaydsaingonny thy asgioned tlf&)asfrmvlﬁfe fffr@@eﬂvl&cﬂummmnc ativeye of a

function asaocEmies ihd Rnd 478 njpamedi ate area of the tag, wi thout the sensing
devi ce having t%ﬁ}”ﬁfer to, a de criy tlon of he r gi.on. A netpage pen nay,

for example, ill 2 Bogloaly Fp s 5}?‘%&“ PEH di‘I?‘Fthf"é Pofitaps ay
hyper | i nk.easig raspgnizedygvanant erciearhich aﬁsanitnal daedloigehcbw;lcm akBiss upmﬁafnﬁiuﬁgetds

enbodi MeNterR8ERy WP iRl 5 @S uitfle | VaslaE GO ARY any icture
whi ch ai ds |en| ti aI g(get ectfwon * eo es nglsgi?s ts ?n ar%%%&g%l?’ tht%%u
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
evety interaction with the page, since the interaction is stateless.

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

Table 1. Tag data

Field Precision (bits)
Region 1D 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 wréthl t he zomm of an intefactive elenment, in which case the region
| D can di r'eectty—+dent+Hy—t+he—ntefacti ve elenent. Table 1. Tag data

Fi el dPrecision (bits) Region I D100 Tag | D16 Fl ags NPS037-SG 12 120 Each tag
contai ns 120 bi t $achf tag pdntundRd ois off ipforngaibd, y;mlallboalmm @ shedomTabia 1Tabl e 1.
Assuni ng aAﬂ@ﬁﬁh m&t%{%ﬁ&é{f@%ﬂ@%sﬁ@%ﬁh 2968 His]s%r)bo 1%%101?5!12%0% o I D
supports a reglon size o 54 squar e |n e ar regl ns can be
mapped cont$AdeTE Poig: tlﬁ%iftfe?% reath B H’@PPFﬁéOIFHQ“quW‘ﬂm“b@FquSESI thej taep [y by

usi ng abutﬁrbdﬂ@)nrsﬁg)lm&sﬁg\ﬂmm&gmﬁﬁlﬁd b} - The 1 00-BQc@bh IDDB] DN]-132Q0, (- 103 or
a mllion t’oln| Nkl 51#?]“ dlfferent1 gg}ll%gs to be uniquely identified.
1.2.2 Tag f nco OE) Tt pgignsls ednigye i 2 are redundant!y encoded
using a (1%2.25) ReaBa@&Enoedingcode. This vyields 360 encoded bits consisting
of 6 codewords ofmelfofadrts M@@Jeém&ﬁ&ﬁemog@@qsﬁl&?m% R&%@@L& Ryt 10 O

synbol errars to be corrected codewor er ant a synbol
error rate'gfs 3gpenegded S@W‘ﬁ@mg@éﬁé‘?ﬂﬁ‘f’%‘is oEATHbinsmPels eciniiby (13.9) sodppliewent ed in
a spati al | yp 6 Ghgitehéroway bé dorrbdid pbra@devariti.d he eyl of Ssydbol ckbt@ats bupGodewor ds
are i nterlgafvg%gm%g atially within the tag. This ensures that a burst error
(an error ecting multiple spatially adjacent bits) danages a m ni nmum
nunber of synbol Saddditambobiprprasented inia sratialisi aetigwnt vof ingertipoind thersyrwogs obne

codewor d, &@Mﬁcéﬁemr&g 5 ﬁgﬂéabﬁ 4358) HiHROMs LD khnistdiGirdd WaST bufddh bSr (el € TUl 1y
correct ed fi1 E‘PéSI cal t ructure The physical representati on of the
SHOETY

tag, shown® Sgatlalﬂyn%fjp epb bitsy damages; "’a?’&ﬁ’f“ms’f‘ﬁ“l?&ft qf sabols overall and a

mininum mumber of symbols in any one codeword, thus maximising the likelihood that the burst error

can be fully corrected.
123 Physical Tag Structure

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

To achieve proper tag reproduction, the tag is rendered at a resolution of 256x256 dots.
When printed at 1600 dots per inch this yields a tag with a diameter of about 4 mm. At this resolution
the tag is designed to be surrounded by a “quiet area” of radius 16 dots. Since the quiet area is also
coniributed 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 perspective targets 17 allow the

sensing device to infer an accurate two-dimensional perspective transform of the tag and hence an
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15, 16, 17 and variable data areas 18. The fixed target structures allow a
sensi ng device such as the netpage pen to detect the tag and infer its

t hree-di nensional orientation relative to the sensor. The data areas
contain representations of the individual bits of the encoded tag data. To
achi eve proper tag reproduction, the tag is rendered at a resolution of
256x256 dots. Wien printed at 1600 dots per inch this yields a tag with a
di aneter of about 4 nm At this resolugion the tag is designed to be
surrounded by a "quiet area"” of radius 16 dots. Since the quiet area is

al so contributed by adjacent tags, it only adds 16 dots to the effective
di aneter of the tag. The tag includes six target structures: a detection
ring 15; amcwostért-dinesindpositiot ardgetntaliGy of én the rdlaivg to pespect | ve targets 17.
The detection ri t I i to initially detect the tag
4. The ring is g‘gsm;%g%%%]ué e}té%gtr. e%gtgééggeiq?gﬁgdvggl?%%ﬂgﬁglﬁ%%ﬁehvari ant and
because a si npl e Teoral tag gharsos cijcplar Bipwerorty amongst otheriines il tag picking e
effects OL om@fﬁa@mt Er\iéﬂgxﬂiﬁ%ﬁd).rl%iﬁ&ﬂ»maﬁ&ﬁwﬁf ihtgmﬁ(ﬁlta} Q8lecB ﬁngltﬁ, Iaa_ksl xﬁa&ésf iPﬁ t
sensi ng evice to de m he appr oxi e. planar orjentation o e tag
due. ot heoHlt B S B Wi aR Pl blmds et 4% SREREH TS ol d a
uni que or i epk dutaj bitns refitbrentédduyr rpigk spige b i0vietht forngeftag aka baahded by to@adiabbrRsi Ng
device to inf ghaidh) iRECH Al %ndta\q@diﬂlﬁr BROSH .lEa&%{fﬁé?:%% ha melﬁﬁ%mén@o@f t he

tag and hence an “NPS037-SG 13 accurate three-dinensional position and
ori ent at i off SoPtsEhP0P dej 2pdis desisped sp dhat Hrdbassd vk 7 innsnpre S{4y iy attleagitepypt toubies ar e
r edundant | inin@fngiindnGod. TRY B3I héifHR b thd WAL B1D ¥s dv@iyd 08 @ thelhiBirRMA@hdiont a9 shape

is circul ar. is. su rts, a st _other_ . things, optinmal tag packing on
on 11 equi B PPt SuRET s ibies Y R Rt Be A e RS R b g ect: on
ring 15, this nalksi5d-bitalta gurbals ofrdhafihiesieatievatds dathocied s thefobidonceithe t ag
opt i mal . SR 180 1 | AUGEwd B Fidu STl Ged fihion be Bown RHG It is
repr esent é%mbyqﬁ&r adital wedge 510 inh the form of an _g?nea b%ﬁ?)g‘seg’ fﬁ t wo
radi al | i n&@bolsebfistlo sixypodpyardsi Sa0reS agg allowied aligmgtely i gifshlan gregrestieneyousd e 516.
Each wedgehbdd has a m ni mrum di nension of 8 dots at 1600 dpi and is
designed so that.jts base (i.e. 1ts inner. are 514). s at |east equal to
this mnimum di #éenléltleroer?fmgl‘%éi esrl%lg% %Imaﬁ]él}lsﬁkﬁe TF&Eh z}h\%/’\kdd%aémﬁﬁvef%mﬁl ys equal
to the m nivirboly ihessrsicolswordEach 4-bit data synbol is represented by an

array 518 of 2Xx2;\RAYRIuppdisindR-cRES htePBRWVith Dtafde@HESn ABa sl alvcedndi t data
synbol s of each of the six codewords are allocated to the four concentric

synbol ri n§ETEEa e nuitdy blg foimatilsist epg it g in ithislqefyieragmetier pdeR gl as shown
i n Fi gur esregi&h dr at vEhht oriedbytidh 8 ispo@iontd. Thhtreduiedsdiaictdr & @6 &0 bkSewnid Qe SBingr €

al | ocat ed @ltet RaLel il bl A oML SARI g, around the tag. The
interleaving 1s designe O maxims e aver age spatial distance between
any two synbol sAgpmipga cieas tgotento e minipury digaptert of thrugspor field of mgivés cl i ck”

i nteracti oibated Whed iHe 2GORIHIELH 2 QRiNbAl BanS B $Hid) Gs S £ Bigurl €

1.2.4 Tag Image Processing and Decoding

The tag image processing and decoding performed by a sensing device such as the netpage
pen is shown in Figure 7. While a captured image is being acquired from the image sensor, the
dynamic range of the image is determined (at 20). The center of the range is then chosen as the binary
threshold for the image 21. The image is then thresholded and segmented into connected pixel regions
(i.e. shapes 23) (at 22). Shapes which are too small to represent tag target structures are discarded.
The size and 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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sensing device nust be able to see at |east one entire tag in its field of
view no natter 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.
Assum ng a circul ar tag shape, the m ninum di aneter of the sensor field of
view is obtained when the tags are tiled on a equilateral triangular grid,
as shown in Figure 6. 1.2.4 Tag | mage 4grocessi ng and Decodi ng The tag i mage
processi ng and decodi ng perfornmed by a sensing device such as the netpage
pen is shown in Figure 7. \Wile a captured inmage is being acquired fromthe
i mge sensor, the dynamc range of the inmage is determ ned (at 20). The
center of mheomran@ézmgseatMape(s osents. 8scetify gechridrradey mothdes@shoinghlifed thetritg | NMage
21. The i TRGEy &osrectogm Mﬁﬁpﬁ@@é g&qvmgoﬁoﬁm\;ﬂm@ﬂm "R nﬁ?@&%ﬁ{af%e@lj 58!
regions (i.e. shapes hapes are too s 0 represent
tag tar get ©BHMIHFEY P‘é’?"é"' W?@&Pﬂi@ﬂ“a““r?f@eé’?ﬂ@“@fﬁﬂ”é@?ﬁ roid of each shape
is al so comput edThBth’bafm}getSdﬂ'&m.&e WM& Sex? o B Redidagm zs@rmu&tﬁfg‘ frited2ty for
each shape, 1and t £5€ DL Qv ide th asis for s bse | ocat i

ﬁrm Zath

t ar get
struct ur esTPEER{FA S?rsetﬁtea"h SPREBTOPRS: P r{ﬁt‘f’tﬂ’f’é‘o e g S“P‘g$
position, maereknsgPachaes @acswogﬂerrm@ms walpmamed dfe agic &ekget is asihectogniakli Botand

rotation. dhend hitford@i8Slnt ﬁ%ﬁﬁ!ﬁf&i%(ﬁ%&ﬁigﬁn& tﬁeh@o f)dsgllﬁé o&eﬂtatgﬁs s9Rakednl at 26) .
A ring has the advant aq%qdéﬁ bei ng(bver behaved

per spect i vEeRGiis{gpyady s PRegds @@@d‘gs Ws‘l&% b"@t?talsﬂéﬁah’élsloﬂyrﬂgssﬁﬁdo N
PS037- SG ldtati@tmdtnialire- MO kiR ltdrget Afkr GOGA 1RbaARETiSy’ srmcﬂﬁmzamﬁmaﬁed; kifice the
second-ord r li.zed the. ri.n eco e even if
the per spelﬁ cfp ot §t(l)ﬁr%t';lg%%8(\;/\/{1;@a’%ﬁ %r Bk The%’i"ﬁ g e?Sn({:fxogsm algr?) {méoln Al d?Els?mct and
rotation Zl‘PefFJGgE?WIO@?thHt@ér@tat@séﬁqw peapp¥ ¥xi mati on of the perspective

}wra ?nﬁf orm The Sﬂ&foﬁr%éﬁ%&hv@tafﬂé%wu@esjlﬁ ateShellR€ro @@i&éattédqatl@@)t [TSIeEN %gte% at 28).
chi ng procee S ing's n i zations to each shape's
orrent o2 PSR S0 ioire B P it oo P DAL Tt (L B o0k 8 e
second- or d@r asp@iedirgatmn ef th@nnmlandzﬂaadrotahca o e Sixib. Mgyding pﬁ:ceeaﬁylayplwtﬁgni zed.
Note that rm,%r%% xrxljah{agong){oqggh sﬁgag? ﬁﬁ)mé gﬁlh gegouh%rdg!'xﬁ ts g’ atrrenalEzth the
p055|ble orirentati ons of the axis. ape I's de erate? ﬁewedto one
si de to meElERFEPEHES irgsts are emtt‘ém%tllgé*ée rqldie thSet flgsegsrie ‘?Clp??sl@#tﬁl Rositiqy is

rotati on- ngiteiBé b Z@ich.NBhe aXikigal eahgRl oph &hur betrspbtﬁ% RAGks tR&hdnl th@n B be the
nor mal i zat i ons app e the Tp&l{lﬁgectlve di stortioon can hide the axis

target's YR Lon“?%""feg et 8sSIgY P8t Bt 'S5 Y taseleeEsdt ul
appr oxi mat freedppferspdrtivet tagpfam 39 isdtferod (d 0@ tagd pe solwi@vthe2g:ll-uldvestdod bquatpes spect i ve
target st Iyt iRStod fagdpsle mqmgg%gacé pon%a&sqge@tfﬁ&bé@&a %&)dame%g%f 9kl es  of

their positions are corr‘{t; based heir known sp rel ationships to
the ring afPragi®d {EEge %‘ng’ l‘ﬁ"é‘e’ésg’é%"t %’H‘d of 5EGPi Tén"fo?ahﬁ‘i'éa 2} Berkelaind t he
rotati on Ofechnitel RexérsNo. MEBAISDIIY/S P, Dee eds, tycong of ivhith drdiRreid ihddpoSited by

nor mal i zagplr?osg%fe;egce?ach shape's nonents. Once their second-order nonents are
normal i ze

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
bilincarly 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 compleie tag is not found and

successfully decoded, then no pen position is recorded for the current frame. Given adequate
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circul ar perspective targets are easy to recognize, and the target closest
to each estimated position is taken as a match. The original centroids of
the four perspective targets are then taken to be the
perspective-distorted corners 31 of a square of known size in tag space,
and an ei ght-degree-of - freedom perspective transform33 is inferred (at
32) based on solving the well-understood equations relating the four

t ag- space and i mage-space point pairs {zsee Heckbert, P., Fundanental s of
Texture Mapping and | mage Warping, Masters Thesis, Dept. of FECS, U. of
California at Berkeley, Technical Report No. UCB/ CSD 891516, June 1989,
the contents of which are herein incorporated by cross-reference). The

i nferred tprgeesspgaewtroanil ridegily- & paceinipel S¢ke of vivwe 103, ansftgnativd srawsedlviles pr oj ect

(at 36) eagh, ko datd HidyBQSi tion in tag space into image space where
t he real -val ued prosi ion is used to bilinearly interpolate (at 36) the

four rel evant adjTacehiting; el indicatqdhe Wity offargresion pataiping\theotag lagd the orput ed
[ mlage threﬁdaﬁbidoffﬁlﬂe t!égﬁévgthﬁﬁﬁk l’éggoﬂ'. hﬁg&ﬁﬁkgosmaﬁ?,i &&hﬂﬁenﬁﬁéﬂh@ﬂk&ﬁ@ai%aﬁi nal hbi ]E
val ue 37. ce ) t its. aye obtained in.this way, each o
Ve six o frilutnsign 3 o8 sk ot et BF® BE QR el SR o 20
decoded bi ¢tser@g on ghe tak 201 Helooue shatinl tebtipnship biteden thipdnés physivaltaxis hel teqetewor d
synbol s argyisama ed in codeword order, so that codewords are inplicitly de-
interl eaved during the sanpling process. The ring target 15 is only sought
in a subar&&9f MiaPrage whose relationship to the i mage guarantees that
the ring, if foubDeodingap@iésulBfin aregRAD, @it DA altfe-rlaiie PR Rh@orkaefdrs NOt

f ound and ssfull code .hen no n position. s recorded for the
current f r%?r%% _'a\?&eﬁmé 'er%aﬁlé’ Benqkﬁté‘ﬁ’zc?? g&“%%“ﬁ‘?32%%“53:8?%“%18%&?“ feally a
non- mi ni matgged skidn, gfe lerpteopof OBtag arithimiht egiammisy be lgbwa (Tbig s givev ol atesmapseeki ng

anot her t agndtin $#Méh HAHE ERR tag M BOL1age I ReiOP A B8Lpdnale Rekitn. TAdhE AP Sast he
identity of the region, containi ng the tag and Itohe position of the tag

wi thin t he%i7eE BIPonit FRuEar-4t Brteb s 1irger Posterflast 48 %en nib in the region, as
wel | as the overahd mereefenst at kdtmabedb titehie pEMRe regn tvhienes, ali@ny @8l v{rat 34)

fromthe p i n 8 0 . on.the t. nd t Kk nown
spatial re gg?@ggﬁ&s) ﬁ%%c{) V\eﬁﬁgﬁl{ﬁ%‘%ﬁp@%@é%%ﬁ%gﬁgﬁhe axi tgfi nd the t;ligdé‘m‘nsf"nsle opti cal
axi s. 1. 2.BsmayeriE prhemc el gl shagthe emafeg et n a region 1D, a tag ID, and a
tag-relative penthd @afpabiB redd@f ke rdultQaticAth thddeAROD! NRs LAG 4 fLigl Ve pen

| ocati on can_be transl ated i nto an absaol u(gg?l oi[gti % vmtgcl_n the tagged
region, th&ToBgePY OrpRe PEIRRP Y B THTIT Rk TP L8R Frn g Sansipged ipt atabsoli s s
gi ven by atag Beptinmpithimthe fagiog tznd tha taghdlgive papeagacin bagddd iha tag ldcagpged regi on

to a correghendbRdd RERLKMwinie 1A% mp class diagramis shown in Figure
22, as part_of the netpage printer class diagram
1.2.6 Tagging Schemes

Two distinct swrface 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, yields 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 absolute 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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A tag map reflects the schene used to tile the surface region with tags,
and this can vary according to surface type. Wien nultiple tagged regions
share the sane tiling scheme and the same tag nunbering schenme, they can
al so share the sanme tag map. The tag map for a region nust be retrievable
via the region ED. Thus, given a region ID, a tag ID and a pen transform
the tag map can be retrieved, the tag ID can be translated into an absol ute
tag location within the region, and thg tag-relative pen |ocation can be
added to the tag location to vyield an absolute pen location within the
region. 1.2.6 Taggi ng Schemes Two distinct surface coding schenes are of
interest, both of which use the tag structure described earlier in this
section. Théstipgushaia Stjecadicaigng Sk dmpotudesfore] oot thneapnei o ab bsglitetpags as

al ready disgu ' I ng.: ' =1 ndi ¢at i ng
tags. Al o%glt' ?%gq?n@? %vgljt %u%%%égc ghcl)r%tg gé{ %gh‘%%ﬁ!g%_ﬁ]f %?V%ﬁgl %E%e%\%tédﬁ Q%}rlpgt'ﬁésl at ed

t hrough t hEaeeaey fagrds aedby aradeRi t4g Foawnya g S8plpeys fromyong Sanpled pghi que t ag
| ocaai on vg.otsglhmombeexte@ﬁg%u?%h&hﬁeafﬂnﬂb@h@myu@?ﬂﬂnﬁgati on of h_t he Een i s added
to this tag location to yjeld the ation of the pen within the region.
This  in turn i sAtEEye R EPHORD § et SR TERTER ¥ fio HRA SAUPEEP 0B t o A
user i nt erdeined icE@ % Obr tivédladjadbet PaiIgen saitf&a; infiP), Othe aBBQ 89 atl €Q Miwilhholdne r egi on.
Not only is the yser. interface. el t.itself .identifi but a |ocation
relative to the g’gsg?mg AT %8%311811[126%2?&?gﬁﬁcﬁéhﬁq%s?eg&éi%éati on-i ndi cati ng
tags therefore t PintsEQ #iconteadio §R38; thessmmption that yth B 3%dad QU0 dolpapstpat h i n

the zone Oficofted?@hd h€dhbRe is SBlorelunBih AL &s @k&MENt . An obj ect-indi cating tag
contains a tag | D%ﬂl ch_dl_rectl% identifies a user interface _elenment in

the page descri ptoliusatiogdy Bigws Shitons fe e difgnd 2 Apydipspsional sfeoks of ¥he zone
of the usesmmple pbsitiohafse veHioh ity Qa8 1tHofsibld dliésetl ST ofi tht @fplapesitdhesrenky maki ng

themall identical. and therefore . NPS037-SG 16 indi sti.ngujshabl.e.
b 6t - i et Pl gy e Gsahg eobiare ao Gl kR, R DAL b B gfens,
absol ut e pleam a paplhposifibrely thd elias hixveneesampda opomtexdetie Aeapt ure of a rel ati ve pen
path So long as ihe ROSILLOM SRR 4 - |

encountered ta %requency,ngt hégg}?’s&ﬁr{}%&gl%%tgé@E%)r%r’gtﬁ%q%g%%‘f%%%%gfﬁp&posi tion
t 0 t he nexts mupttbhiess thandt3p oiae Hdbkerierneralssppiie dlgowsty ys 188 He pyveavire] ovewoume a

sanpl i ng VRNShaROEHcRfionKBendRGedspbRGmWaY RLQIRE bEY Bifs S Tatsiplgsga 1 el ationship
as defined in E 35. For two adj acent posjtion sanples P1 and P1,1, one of

EQ 39 and EQ 40 Wi'f'I®"ho'eeing ALEty By 2pb tA°tag i foBHIOR 31t asegged vighat he

r el at i onshidlgmeste bt the tetpage EQ@ef hieraSiveeemb® 4 ThaC:oBtrrcatingias wHQHH Grinttdy@ge
assunptio : nd . I I rect, d_t he
choi ce i srhtsﬁgf%e?p%gg&ﬁ%%n%? S%géﬁ%g%ég td %%I%%egg)l%f 'ih%%tgs %{ﬁttlﬁgﬁa almillﬂ)f:fngur e 60
shows f our?Ppragyigteseyprngaie begcpnmicdds hewmdgsiatenst r oke of six sanpl e positions
582 whi ch gat i sf poduRderBanPOSE Desckirtlohngses 584 of the sanple positions are

al so A preferred embodiment of a document and page description class diagram is shown in
Figures 25 and 26.

In the netpage system a document is described at three levels. At the most abstract level
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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shown. Frominspection, if the distance fromone sanple position to the
next is ks, then the distance froma sanple position to the alias of the
next sanple position exceeds XS. If the tag wavelength XT is 4.7 mm as

di scussed in earlier, then the sanpling wavel ength Xs mnmust be |ess than
2.35 mm If the tenporal sanpling frequency is 100 Hz as required for
accurate handwiting recognition, then the pen speed nust be |ess than 235
Mrs to satisfy EQ 38. Wth either taggi ng schene, the tags function in
cooperation with associated visual elenents on the netpage as user
interactive elenments in that a user can interact with the printed page
using an appropriate sensing device in order for tag data to be read by the
sensi ng devi ce afk fraencaef the npppbtpit d@tment dsgpiptigen the pige ssgenadliowd aderitnn t he
netpage SYShEi cdoy 3t PRCHENT MR RARRPESCRL AL AN, Aot apLa sihod ment

of a docunent and page description class amis shown in Figures 25
and 26. | n"eHEeT R sgeTeyias & fey teene ﬁ’fmt?fs“"g'e% diffensd cpaggt sigen fe sxampleel . At

t he nost admwrsa@; tht griéhce of e fARAWATBREmMBEesdipSondon Meatagy SREGRbwshd pagd Ur €

whose ternjnal elene e associ.at.e vvlth content objects 840 such

as text objects, ’(m%fprel%userabum?napmcuargnﬂ% Pt s, etc. Once the document
is print ed on aApfmemteérdovwltem 8é4 [gensist @ﬂhaqt opéﬁgeaﬁsd page deschintios gk eichgf t 0 a

parti cul aryidehondusStal s Jfff&-ﬁﬁ{ed te%ﬁ;l%[ °.D.§ gsst B&n dQEMAR Rlemb:? nRaALAAE ed and
otherwi se formatted., Formatted termn nts 835 will in sone cases be

associ at ed™ R 258 hie pgF- SO Sefiin ‘éﬁacﬁ‘t’eea’?}ﬁfl’a‘ftéﬁfmffsrs&% % hysdingaahci at ed

W t h thei rinpucfididsespondi ng term nal el enents, particularly where the content
obj ects are styl gdo‘daltn[ t%gtancg%h Oﬁgs\‘b\l&ﬁs tgaférﬁge B&E t%[ 2?]3% Igocqgeor}tasggp page is
al so descri bed separately, I nput capture parti cul ar
page i nst aeengmoesiéa0. lﬁ@hroé@fblﬁld@tﬂw%’@ﬁaﬁa% eAgy ddseriphien hefube felafpttftsirdedm{em ough

ot her i nst@BERSe Aftancd 36 d&aRs NAGR uﬁte&%h@iﬂeq,age INRPR3dds3hz phde DB ofthESENCE Of

t he nost abstract docunent desc }{aﬁiotl on.on th e gpé%e server. allows a user to
request a ‘TR ‘OPES LR FENE W HET B PR i et °3%yc°éf){’ag? rawgtlr ce
docunent ' sngpletenfic format. The user may be requesting a copy through a

printer with a different RAAR.SEZ6s of hiSnean 0 PHCRF Bl ens bl T CSCTCE

of the formatted docunent gﬂscrl ption on t e server IE ows the page
server to WhHrEisH Bifreegrds ﬁ%f@?epwaﬁcu@@m@et%m h:@ %%ﬁnfq iyt & 2 prFtditled page.

A for rrrB].t t ]?akm\iﬂwamtu B3AdsGORSiasitos 1055 ?ths;etis @émffcgs &mtpa@dnsml gCafdesEdd ptions
5, each o i C set o ormatt. term na nts 835.
Chon s o Pt S AR Bk pRaB h rrgs BTG5 R MR RTERIR "% ¢
defi nes t hestaetdossawigrisahoptver i staticelermmuch s usifiowms hyper|inks and i nput
fields. A dOCU”EJ&ttenhﬂa"iteﬁ&Qxﬁ bt aGRES SSRAMS, LipeRink QB bAD) HAFLIRAE 834. It

consists of a set of )
845 or a page server command element 846, as shown in Figure 27. A static element 843 can be a

style clement 847 with an associated style object 854, a textflow element 848 with an associated
styled text object 855, an image element 849 with an associated image element 856, a graphic element
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 8§11 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, netpage registration servers 11, netpage ID servers 12, netpage application servers 13,

netpage publication servers 14, and netpage printers 601 connected via a network 19 such as the
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page i nstances 830, each of which corresponds to a page description 5 of
the formatted docunent. Each page instance 830 describes a single uniqgue
printed netpage 1, and records the page ID 50 of the netpage. A page
instance is not part of a docunent instance if it represents a copy of a
page requested in isolation. A page instance consists of a set of term nal
el enent instances 832. An elenent instance only exists if it records

i nstance-specific informati on. Thus, gghyperlink instance exists for a
hyperlink elenent because it records a transaction ID 55 which is specific
to the page instance, and a field instance exists for a field el enent
because it records input specific to the page instance. An el enent

i nst ance dbesehstshoeniisiigardiowever, for static el ements such as textflows. A
term nal el ement Tﬁeaﬂ:tpgg r@glsﬁgtﬁ)ﬁlls&'ve? ll?ﬁ%@&wéﬁ&%j ?%CQXSQ@I&JIOIH%S %s!:t@%ﬁ qge 844, a
field elenment 845 or a page server conmman enent as shown in Figure
27. A st at P8s. @riuere rippigatiny i palicasionss eyl derehly swbefizoBvITow netyosrRckdtisa dt at ed

S'l[3y| e Ot8)j esutheibdles wRerk QXd hdtOWy sﬁls@{@nﬁrﬁgﬂt& M¥hith oﬁibﬂ@%ﬁﬂéﬂ ﬁk%l@d]ll aﬁﬂlydtlelg E}eXt

obj ect 855, an. Wi th .an associ ated.,i e el enent 85 a
o2 obt oo ot 3o R NS st BRBRT A e G T2 Yeet ol
el ement 85servei H0hmagnteig pewistem indgmatiod elutiagpdeswipfiee tnd§BE:, msmncealjdha oetigigs P

el ement 85!281‘\7er IHGII%S ?ﬁlﬂﬁﬂe ggc@%soeaglln ﬁaﬂdlﬂ?la g.ﬁ)&et &%%ge &Ean&s ssﬁllfzé p}gaieel ement

853 with an associated scrip 860, as shown in Figure 2
i nst ance hSE°IB RS m?amwt é?lﬂFsé‘ESa%i’P%?Hﬂsfa%"eu@é‘Hs PR P SEtBIeE PARSS %rpfb. t aI i nk

captured Qﬁmmham@agEamhuﬁmmdﬁﬁ@nﬂeb@amahy TR RgsSReG6H hicfrdsytsudligient . 1 n
the preferred f égg§?q¥mnofﬁecent a tag map 811 is associated with each

orresp
page i nstance ?h EP%%e to be translated into | ocations on
the page. 1.4 THE NETRATE BT VROt s dooyment Bt H doredriroull, mehbrovidesetipage

net wor k coRmhditeSor Pee frdis Sk DHSHusatne@t. Net page page servers 10, netpage
regi stration servers 11, netpage |ID servers 12 netgﬂge application servers

13, netpage pubf"EREF B ey B Dtepngt Digtrippied dfapps geepiP et simplpr Ocwsiect ed vi a
a networ k di@tpsgeghgedd 50 e thdNRSDB/2dSEs bihd wtpegepede, serted hakmptthel cBrrdspegidine 3. The
net page r g%éﬁéﬁgéon server 11 is a server which records rel ationships

bet ween use pens, printers, applications and publications, and thereby
aut hori zes var i ofgCARSE WRFFitationoetveri 1B isesservar prhickhpsty nfrrdctemergageanphiationdh act s as

a signing rﬂfp@éé)buﬂﬁatﬁﬁ betdef 1406 arPdphit@ibals&d QEichiSiBlishes! iBipaR Rbdués 10 Retpage
transactions, ovi des, .h ndmm|t|ng recognition services. As

descri bed %ﬂ89 lm%“ﬁ%?%% g %F&er 10 mai ntai ns persistent information
about page descrNg@w@nswamwmpagemxm$UaneammﬂhérmmbﬁagemrmhﬂMm&Mhmncludes

any nunber ,of AU SLLB SHewRRGBANG) s&gmtfaype%;ﬁge Qe 39Sl ARhAGES. Since

a page server al so maint al ns user |nput val ues eacC page I nstance,
clients sudh %@leri’@ftpa&ej a s;ﬁglfz FRTESF ganéjé ﬁambuted over a number of hosts. Some or all of the

functionality provided by netpage servers, and in particular the functionality provided by the ID
server and the page server, can also be provided directly in a netpage appliance such as a netpage
printer, in a computer workstation, or on a local network.

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 concemned, “the network is the computer”, Netpages
function interactively across space and time with the help of the distributed netpage page servers 10,
independently of particular netpage printers.

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

whi ch publ i shes net page docunents to netpage printers. They are descri bed
in detail derver'Se€ Endhrlo@mentiétdpaipetcd @nvepasts: Clapadedayhos treidheaatud toxednt @daye Of
network se | at f n .er. I w - Packard,
and un, “NEFET pePhEPE e DL HREH ARbHEALS, BUERLES ol et LY £1 01
and a si ngtragiceaysylspriberand prarel panteaste the qubsriber’s aripfemiinethe propristt rage Byere or  al |
of the fungatin@ndee bijed, QY itd @hedNind) BleRAGBILS BEN¥E ivih o dublshibBalahd ©idrdr t he
functional i t% {)ro | lﬂjed.b%g, t.he ?Img server and the page server, can also be
provi ded dPFEEY FPSHPSEOHE PRAGR G S5 2PRsPEae B8R ™58  a net page printer, in a
conput er wor kst afheometpager publicationl @oat omigtizao rhk . seginebtatibhiof NETRAGERRE MIER The
net page pr.i 8., AN i L is._reqi r ] . net page
yst om and st Bl fall] ARGRLARE By oBa 4Gl R b dedfulE" PEOC,
print er ha€ows Hihgiplticysis; ifangrto igsng2,  and is connected to the netpage
network via a nebwkrike phitdd has rebdid it @mpRik: , pakcdRuls Yan¥ ofjed®s BitQRARRE
connect i ondwﬁ‘%atrtgbg rom iitq:entnjn;ttg Cfmd stecuri ty settings in non-volatile
nenory, the netpage printer’ contal e  no persistent storage. As far as a
user i s concer nedhe printeerasiaizescnd phings ddh endcyennate simultdiedugiageboth fides of thon
interacti vgly RCEARS PR fed oxqohas 06 b bt Rhgitel Suifilini! fabRined

net page page servers 10, independently of particular netpage printers. The
net page priFfiterds $8&sithfaumreisbscri bed net page docunents from net page

publ i cati on NPSOBie ppminkDr&esk Y@kists ddwo Baslpldd QebIBdteri-Siofl bSfakd RithigEbnt N t WO
parts: the a gnslogggut.sﬁn apd t he aclthual el X1 and i e o?' cts which
popul at e tHhe“Pages Betatiser st mﬁ%ers'soﬁéslrz%’f““fec?ﬁo,ccsf)oég%ga BYEUt°S B Y pi cal |y
speci fi c tspndard PAPY X uhaningsio lpgreitel. bide dapieked orim reggipotontadlas teotspt vthaustom

subscri berp & eRbk Rhif ex¥in@ ditheaRPRE QR iRl iPRAGiR &Y M Eonized 1 he ARALIERIE

obj ects, on the other hand, are typically shared"wth other subscribers,
and so ar ehbeprigtheadgindie pig engmes- s ypscri bers' printers and the appropriate page
servers. The net pages Pudbbleabi RPrifRp UAE the PhtioitoZeist tigh esipeRaRBbatbltk Of

document ngle taﬁlr(;ltlghltb% r%stricts tags to otherwise empty arcas of the page. Although such pages have more
limited functionality than IR-printed pages, they are still classed as netpages.

A normal netpage printer prints netpages on sheets of paper. More specialised netpage
printers may print onto more specialised surfaces, such as globes. Each printer supports at least one
surface type, and supports at least one tag tiling scheme, and hence tag map, for each surface type. The
tag map 811 which describes the tag tiling scheme actnally used to print a document becomes
associated with that document so that the document’s tags can be correctly interpreted.

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

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

1.5.1 Memjet™ Printheads

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

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

However, for wide consumer acceptance, it is desirable that a netpage printer have the following
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poi ntcasts and nmulticasts. After receiving the pointcast of a docunent's
page |l 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 docunent to be printed, it can print the docunent. The printer
rasterizes and prints odd and even pages sinmultaneously on both sides of
the sheet. It contains duplexed print engine controllers 760 and print
engines utilizing MenmetTm printheads,;350 for this purpose. The printing
process consists of two decoupl ed stages: rasterization of page
descriptions, and expansion and printing of page inmages. The raster inage
processor (RIP) consists of one or nore standard DSPs 757 running in
paral | el . FHectaigidsexed print engine controllers consist of custom
processors, whi ch ' print page inmages in real tine,
synchroni zed mﬁtﬂgﬁﬁgaggggg%%ﬁﬁmg] the printheads in the print engines.
Printers nbt enabithetalfoiextProtse| nti ng have the option to print tags using

| R-absor pti ve bl @gelizbitly, al though this restricts tags to otherw se enpty
areas of the page. Al though such pages have nore limted functionality
than IR printed B854 Phey are still classed as netpages. A normal netpage
printer prints netwpéges on sheets of paper. Mre specialised netpage
printers npy prigt, Q?Lgﬂnore speci al i sed surfaces, such as globes. Each
printer supports,aF east one surface type, and supports at |east one tag
tiling schene, aW®PlpesE@ECY ag map, for each surface type. The tag map 811
whi ch descri bes Ay di@@pdidihd Ng schene actually used to print a docunent
becones a§socia$ d with tEat docunent so that the docunent's tags can be
correctly 1nterprét®g™eHGhre 2 shows the netpage printer class diagram
refl ecting printenliaebatdedld sikedprimitg on  nai ntai ned by a registration server
11 on the netpag&mﬁggﬁﬂﬁﬁatA preferred enbodi nent of the netpage printer is
described in greater etalf_in Section 6 below, with reference to Figures
11 to 16. °1.5.1 REAPEr Posumplemt heads The net page system can operate using
pri Int g_rs maﬂe Wi NB c@mitdrdily bange pflﬁtmgiegﬂnbﬁéyklﬁﬁillnﬂ’}h%cha}aetlﬁrhbﬂ&l Ogihes, o

i ncl udi ng thermal, inkjet i ezoel ectric, inkjet, laser el ectrophotographic,
and ot hors. | Hoads Pl profiGR F st el in HrSStuhrture hat
net page prinvbiet a irswpeint thpbndlagl,Irefewen ¢p as NIRER B e8@o2y. Mamie @€ is @ kiog-pin-dgnand

phot ogr aphinge:Qbtahdidey o8P nRdrpd4ids abeMetiuD prititdls GbakddaYush XhorRfebtidedGhicat hi gh

reliabilit
syystems (MEMS) technology. Figure 17 shows a single printing element 300 of a Memjet™

printhead. The netpage wallprinter incorporates 168960 printing elements 300 to form a 1600 dpi
pagewidth duplex printer. This printer simultaneously prints cyan, magenta, vellow, black, and
infrared inks as well as paper conditioner and ink fixative.

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

Major elements of the printing element 300 are the nozzle 302, the nozzle rim 303, the
nozzle chamber 304, the fluidic seal 3035, the ink channel rim 306, the lever arm 307, the active
actnator 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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O low printer cost O lowink cost O | ow paper cost 9 sinple operation a
nearly silent printing O high printing speed 0 simnmultaneous doubl e sided
printing O conpact formfactor 0 | ow power consunption No commercially
avai l abl e printing technology has all of these characteristics. To enable
to production of printers with these characteristics, the present applicant
has invented a new print technol ogy, referred to as Menm et Tmt echnol ogy.
MenjetTmis a drop-on-demand inkjet tgchnol ogy that incorporates pagew dth
print heads fabricated using mcroel ectronechani cal systens (MEMS)

technol ogy. Figure 17 shows a single printing element 300 of a MenijetTm
printhead. The netpage wal | printer incorporates 168960 printing el enents
300 to fOrmkmbEEOGmdpﬁatpagh%kdﬁhmdﬂ&dﬁﬂ printer. This printer

si mul t aneously pgj I o mal nks as
wel | as pa er Coﬁgﬂ%fgﬁéﬁﬁg)%ﬁ. b¥§%|b8ﬁ%% %ﬁﬁ%?%%%'t P&%g 0 IS
approxi mat#% | 10 microns |ong by 32 mcrons wide. Arrays of these

printing el enent sigareeg@nﬁmdheqai_e@e&b&sitislosrtﬁeua&wnﬁ&ﬁ 380kiof B 3Lindnp GORPOT at es

CMCS | ogic at tran timn nd drive circuits (not Maj or
Sl ement o crottiaite s iR wtentats Bh et RO e RSk 11
303, the fmcmzéeé3@hfan®ébet‘8@ﬁthen¢zabtﬂambedm4aﬂé&bn@%pnehh:eménk channel rim
306, the lever agpyg3 zmm%htﬁe Bl CrRRL HALRY spﬁrarﬁo%loﬁm phiftSenBas i ve

actuator beam pair 309 he active actuator anc or passi ve
act uat or affaRer (@ the corspt pripting cicmgat layhesy theziats, and-peffers i dgta torglsive ihe @Wﬁﬁ’éﬁm pai r
308 is mechanrt tabdiye jchbektah @ait 118. THRSShsvEnaGbtal aﬁremairﬁksn&loﬁgh t@3mat the

1031, 0 R Bl 050 80, 051y SSRSE S ANC AL P M

a cantil ev@qﬂe&u’eﬂl%ng@uﬂaeﬁﬂmbmmen@S tacpandt AprthedRHive Ringlor beath @aisHGvisnoa snal |

part of an,akd &Vdodf noPbi rrrdl ra&uﬁg GNERES d?ffé@melua&)eéﬁdhmo%e&rﬁﬁé ThRG&Eds4 on 315
of a printing el enment he cross section shown w t hout |nk to

clearly sh@‘f?’?"ﬁ"e 15 m@er%@d 21 hengentiliyee ead of ‘Pﬁé‘?cﬁﬁ%@é]sbe% PEHFRR 324
si i con waeeding3Owatds tiei sahdt-@S301 9ha Jeyer b 1) translitsliBig epvemlan v thdrhﬁbzﬂmﬁr&tcf ng cycle

of a Men e%oI.“hB rn%;ﬂ%e'cﬁ&b@r' 3%%@%63 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 full width of the paper (typically 210 mm) in the direction 351. The segment showi is
0.4 mm long (about 0.2% of a complete printhead). When printing, the paper is moved past the fixed
printhead in the direction 352. The printhead has 6 rows of 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 nozzie guard
hole 331 through which the ink droplets are fired. To prevent the nozzle gnard 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 gnard holes during printing. To prevent ink 321 from drying, the nozzle guard is
sealed while the printer is idle.
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300. Figure 19(a) shows the quiescent position of the ink neniscus 316
prior to printing an ink droplet. Ink is retained in the nozzle chanber by
surface tension at the ink neniscus 316 and at the fluidic seal 305 forned
bet ween the nozzl e chanber 304 and the ink channel rim 306. Wile printing,
the printhead CMOS circuitry distributes data fromthe print engine
controller to the correct printing elenent, |atches the data, and buffers
the data to drive the electrodes 318 gf the active actuator beam pair 308.
This causes an electrical current to pass through the beam pair 308 for
about one m crosecond, resulting in Joule heating. The tenperature increase
resulting from Joule heating causes the beam pair 308 to expand. As the
passi ve act.@at or Thebetppge Per309 is not heated, it does not expand,

resulting in a streg Yedskisﬁaghﬁ)?c%gfgl B%Qﬁa L iru?ﬂc TLEinE it ess

di fference |S(Part|a cantll vered en
el ect r ot hettbadded enstiolist {3dak gble mpm@émeﬁ@eﬂ%mrﬂa%mgm@nsﬂwe WIata:em@@q The

| ever ar m 34r. trhcisgs strSorlidi SlLMBMEARRE ploAdddEth @@zp@}ognmme perm Qéhsing NE
nozzl e chanber 304 .no rons i on ﬁbomn in Figure

posi t
10h) © T4 oy gip Bt Sy A Feltf b o IAI MR SR e nossl o
302, and celsitrgittié donket wshitscurticd 161 thopenbisiibireto siretgsor Z hdfididnmaE 03
prevents tf ;e rﬁbmmmd%&% (B 26 egpoﬁgéa%@grldnao AL LORR! fama&gﬁ affen e%t he
nozzl e cha he tenperature o eanlpalrs d
equal i zes, thg PF@ laertcn’atﬁfbﬁﬂdmleﬁ%t fFPtad ge fhe printes(profappatiatipnisthe Per oTHSS ai ds in
t Ee ngr eak- dﬁfu‘f)?] ﬁferpteh@g thdﬁﬁtadtﬂtﬁ[’hkﬁtt t@tig(rl]{ﬁd'vﬁﬂibakf’lﬁu&nﬂk 321 int h;a nozzl g ]
chanmber, as sho 19 The nozzl e i S re y the
action of the s\t/er}? e eﬁ‘éllgoéi N b ‘%f e REPIR A Oé’ergtesg’f o "ﬁ“ ‘ﬁb\’/\é‘
segnent of and ape npit- lh@ﬂaug 886, Thermakimgedspay doypvérnis @pt, neteysaryl fetngmh tlgfnetphpe
printhead { §en'§ hea f)rH\LJémg%Qénh si¥h af RRenRAP Gted ('1§ YPin Ak Mtergacél-%aé%' ﬂ%%)aée ef R€

di rection .. The segment shown is_ 0.4 nmlong (about %o of a conplete
print head)reg‘im‘éinmﬁrﬂ?eﬁ’f"ip??@ sysieR@nep & Fnique PrgD & Figyet23 shows the aereee i5P PR head i n
the di r ectdiggund sdflectih) erptinttd hftAatin ;afita@i\By Ofegistdiion sirgt t RbE the Pieipitei N
elements 300 . printing the six colors or types of ink supplied by the ink
inlets 3127 o "protect the fragile surface of the printhead during
operation, a nozben githey dibvigfie co8BOWils a ngtpeesc e der deterimep ity pestiemdodubst rat e
fgl. Fﬁr m&ﬁfﬁﬁat{&ﬂ%&:ﬁi@i a:gtge 5%@@. e nH iﬁ?tﬁélfeﬂ %PM'SQQON?& fﬂﬁ%@yad flaie nfBQl edSﬁll
roug i C e.in r ets ar reven e nozz guar ol es
331 from ‘BECEHEAYHE Ef’cT(g’éeSWBdﬂ‘g tef‘?’hﬁg‘f‘r theypen, o‘fK r “Hetsrs, T ifs a??‘%“r"’ed air is
punped thrmmghmtH@manmﬂmﬁ@ﬁ@bBBﬂd@ﬁdwp@u&g@ﬁhmheanﬂznhahguammmb@bes during

P15, ABBE g Bk gl KT Bi o) 0 1 1

full dynamics of a signature to be verified.

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

Pen actions relative to a netpage are captured as a series of strokes. A stroke consists of a
sequence of time-stamped pen positions on the page, initiated by a pen-down event and completed by
the subsequent pen-up event. A stroke is also tagged with the page ID 30 of the netpage whenever the
page 1D 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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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 imge sensor. The inage sensor is a
solid-state device provided with an appropriate filter to permt sensing

at only near-infrared wavel engths. As described in nore detail below, the
systemis able to sense when the nib is in contact wwth the surface, and
the pen is able to sense tags at a sufkicient rate to capture human
handwiting (i.e. at 200 dpi or greater and 100 Hz or faster). Information
captured by the pen is encrypted and wirelessly transmtted to the printer
(or base station), the printer or base station interpreting the data with
respect t caftetvedefibddivea perjpd Jithe sitrreatGélentien deddnibes prrefoarof €phge imiad:. fendsisafof t he

€L Page Dol AREIANERGILAS AuhO Tl TBRKI N8t W AGlo BBk AT 21 K1 10
stylus. The aspect wever, 1S hot necessary £Por usi ng he net page
system as %is wmptﬁg alsgpglecef#ﬁﬂ-sgq&@ﬁ mgger fRest i ﬁubmgt%@e@iapabcaaw viarfselpgtien

i nt er f ace. nyFasdk sl@bRAGE pen i s reglstered wi th the netpage system and has

a unique pen ID @1, Figure n.class. diagr

ot oo b ey Bt pa Y St aB e TS fe ARG B R PP R pe R el ver 11
on the netpagé the debulortkage Wiskscebdl igive, withpr thg marking bladkaddnitvr e nen-mekipage, t he
pen deter i QS it éur.%stéch 08, A Gas apéu&r@ﬂmtstymzs eﬂhgtlg eﬁsmsgtyfem%t RQPGeq The nib

is attached to a force sensor, and e force on the nib s Inter pr et ed
relative t®thdhensh BeHapRicaisn p&dr E@@@em%ﬁdﬁcrﬂ@ a;félﬁf frog agglstee. She defgpiun” . Thi s

allows a difige achd AestAt esRRted Gith te @urRAgeh. [S@olREcaptatel @if@gﬁ Bah Ay @gssd Ng Wi th
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the full dylnm‘@sh‘@ﬁchﬁwmrgm&e@re to be verified. The pen deternines the

position and ori %Exﬂ@ér% p@xf 1s'u1}11§mr}hdge Ofa prtfer B5th RAGR ity LoARBLiRGL, tHeen t NE
infrared spectrum an e inthe vicinity of the nib. It

decodes t hEPvhe Hashsstitsy aﬂIH%nIcFD c%'i“r‘ﬁdlfee%f’ntfﬁg t?)&%‘io?ei Hfrose e 19 the PPt i ve to
the tag fromehigly abaesvedeper BIR OVliel eheGhis fudtetds andcoalidghetroleraigre i tag and t he

known geotr)%g‘{’}éﬁg&%mg,agt%nw%gt 19% gAI t hough the position resolution of the

tag may use ensity on the page is inversely
proportional to thevesgofshresd St:rhi@s i agteresd tochs digigd jnkj Lygital inks Broytthedasis Bor qui t e
hi gh, excegdiipg tReanEd B MR QSO hdll AR I B0l6HihE M cdeifiordG AR iBng) ayCiF | L1 NY
recogni tion Pen_actions relative to a net page are capt ured as a series of

strokes. ATHITSREBRETRIEHf a sequence of time-stanped pen positions on
the page, initi allpeldis vdrelps andiowmiie digind innothemippgeatrietet Wya shtitenshiequent

pen-up evegk. pf téﬁsﬁnﬁ’cléﬁ dlgﬁal S Y eﬁeﬁ@gﬁ% %fgr LiGRa eam'.l PRzl 6of B-ifAPL PRGE

whenever the page changes, norma circunstances, I1s at the
comrenceneffesigFiop, F?et I%étlwk@sheéa%ﬁp%@? pehido pewe fepdy ndling ndisprige] ecti on 826
associ ated W t h isthen ¢ ped\¥ diGottrhiPe biSBrineOit biFRfsfaQitikap aedRtndas), @higper at i ons

ﬁltpgo 3-7|-h gGshaL g%z&p’acgtg olf %VGE’ Itelqe mugu s 0? conI‘m?louaél hlal(ljdw Emh c “ﬁlx alee rppent i(S) ogcle Sa(g:a?'.nr \gflthln}
range of a printer, it transfers any buffered digital ink.

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

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

1.7 NETPAGE INTERACTION

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

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

cxecute 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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23 after a defined tine period. The current selection describes a region 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 netpage pen descrijied above, either the marking bl ack
ink nib or the non-marking stylus nib is current. Each pen also has a
current nib style 825. This is the nib style |ast associated wth the pen
by an application, e.g. in response to the user selecting a color froma
pal ette. Thistidad hebdge torbe bbtgited] Ereiiglichting data B8 tradsiplited @ i pintal walrevd redalveshe
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1

t he page, %th Vﬁﬁtﬁjf’%\ersf“’? “égstcla?)’ﬁ FRaEe QP of 2 CoRpachRase APy dnafiaied | ceeds
i n decodi ngrsatesttyrtyleaetpage atdevavdr (st brbow) JEbg @age ildyourpafietd abjedissuehcss invgéses 1t s
"ok" LED. AuSequenssrod LS gihgd to as digital ink.
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timely hanﬂtée&gntlpgh IIptﬁgsnRB'a@tb@tﬁ less%@mﬁeh;ﬁlalpﬁﬁmhﬁ %Bbj&t Wl{lémgfcn&tedﬁy rinter
it buffers digital ink in internal menor which has a capacit over

ten m nut e‘“é‘clth’p‘E‘"Bﬁfeﬂ‘fﬁﬁf)%@“’]ﬁfar‘i’aﬁﬁul"‘t‘?dnﬁld a?ﬂﬂ'éﬁglﬁ’ Hléoﬂggﬁtqug lsdg?eréd a5 Hy}lPr‘v‘/\n thin
range of aofppértctn, suttias b rshpfelick, @ Rygistoiis it bel ihg latledf rdspilése fdmRpecan be
regi stered. Wltb any nunber of printers, but because all state data resides
in netpages both on paper and on the netvvork it is largely imuaterial

whi ch printer a pbhag dratwokivdnefaipeteldmagfs iniatnbtpage p@nyleswiwi byperinkstapdofiorm A
preferred i%lﬂQQﬁBum&gthforhhﬁldQﬁﬂlsb%g@&%ﬁ%étibﬁgn bﬂng{s&ﬁte@myp@mhall in Section 6
bel ow, wtr renc to Figures 8 to 10. 1.7 NETPAGE | NTERACTI ON The

net page pr He l’ﬂ WlSei ves data rel ati ng to a stroke fromthe pen 101
when the pen is Alhsnadmkisammﬂbﬁeﬁdhwahhss@geMraaggeapﬂlﬁcatﬂﬂeand:@ﬁhedydl&ttﬁa 3 of the

tags 4 is Jn‘ﬁ%@'reg;% ﬁtEF}] @ﬁg\m’%%enu is used to execute a novenent, such as a

st roke. ty of the particular page and
A hyperlmk element 844 identifies the application 71 which handles activation of the

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

When a hyperlink is activated, the page server sends a request fo 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 hyperlinks 864, as shown in Figure 30. A generai 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 iranslation into a different language. Each hyperlink type is characterized by
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associ ated interactive elenent to be determ ned and an indication of the
rel ative positioning of the pen NPS037-SG 24 relative to the page to be
obtained. The indicating data is transnmtted to the printer, where it
resolves, via the DNS, the page ID 50 of the stroke into the network
address of the netpage page server 10 which maintains the correspondi ng
page instance 830. It then transmts the stroke to the page server. |If the
page was recently identified in an earjier stroke, then the printer may

al ready have the address of the relevant page server in its cache. Each
net page consi sts of a conpact page | ayout maintained persistently by a

net page page server (see below). The page | ayout refers to objects such as
i mages, fomnt sfoantopis atasedb tieplicatibyypi cal |y stored el sewhere on the

net page network. ﬂ(!"? e£ hl%u@al%ﬁerﬁﬁﬂh’s?r %E%'éé?a? alflGsafihl %Sf\{'h?clg]ctrbg pen, It
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in the net padeted Yvxth G0 gr&phw&{vét&dﬂg &HH{Q& gx%ép‘lcdnqa%rlfsédfﬂo%so&gl@ hﬁ;@ﬁh& cation
71 whi ch handl es activation o [

i dent i fi esteavér i fird sk 53 OPwébOép‘bfaPeg? 'Pedﬁe'f* &rfomwwoggmﬁhéhﬁufwb@adelw ag whi ch
asks the sysib@edfaGorinh@etlis «d frevidéBritinoudipfh toraaappmshuai itas thelRf@bbd useditdre

hyper I nk acpztaolrt\éa‘% ]@c?(gdarda geractlon mo%clr / p&rﬂe%r}t%pﬁ 15 cagtureﬁ anléﬁ]?egetf%%: ssl-gre& af%ﬁeh)épel’ i nk

is recorded” avorite or péars 1 n hyperllnk
el ement cliaswsuei agrami s shovvn in Figure 29. Wen a hyperlink is activated,
the page sgpyger ggmsls a request to an application sonmewhere on the
network. The application is jidentifijed by an ap$llcat|on I D 64, and the

application ID ﬁ§mW€¥8W§éd°kHwPHE“HB?ﬁﬁWfRH§WW % cPpiRre PRI PR BPUS o t hr ee
types of huipeghd miisd n@ﬁgre BabrmwWipey d userkS subfdfd 3ne dr @fora paysperers torik apHicdhion and

sel ection Q&BSE% %%3 mlg%e hown in Figure 30. A general hyperlink can
i npl ement a reque or a Frhked docunent, or may sinply signal a

preference to a &Pyeit? isA sfayp pipmeny HiErin ihﬁKocm?ﬁl‘tf@fcfwﬁéuié@whew@wm ) formto
the appli Célidr@ial if1d SRIMEISED A BBt BES Rpdthih $prink@ irBikcE BN form. It consists

of a set of field instances 870 which correspond to the field elements 845 of the form. Each field
instance has an associated value 871, whose type depends on the type of the corresponding field
element. Each field value records input through a particular printed form instance, i.e. through one or
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 hyperlioks 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

mstance. When the form is active or frozen, form submission is allowed. Any attempt to submit a
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selection to the application. If the current selection contains a
single-word piece of text, for exanple, the application may return a

si ngl e- page docunent giving the word's nmeaning within the context in which
it appears, or a translation into a different |anguage. Each hyperlink type
is characterized by NPS037-SG 25 what information is submtted to the
application. The correspondi ng hyperlink instance 862 records a transaction
I D 55 which can be specific to the page instance on which the hyperlink

i nstance appears. The transaction ID can identify wuser-specific data to
the application, for exanple a "shopping cart” of pending purchases

mai ntai ned by a purchasing application on behalf of the user. The system

i ncl udes tfloen pienths fogu ksmerittive et figetn ioRje8@5 andms@ads:Bitis ad fodnstdnysp@ndt.i nk
activation. The S [
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i ts " submi Rroddineagersigp ’t’“r"tP%}'Ehé alleyys all v e Lytespyprsios ofrcfornt ﬁé phrgigar fise perisibrri ssi on
i s includedve kbRdeashe®@aicAcl udes an effective return path in all hyperlink
activations. A h erllnked oup .866 s a .el enent . 838 whi ch has an
associ ated hyper 't AR 1H%P S‘ﬁﬁ\ﬂﬁﬁpt?lﬁs‘lzpﬁﬁﬁlé"kgi i rf’?f‘ﬁebﬂtiu"ifﬁﬂ’fﬂggs'foh? ough any
field el engops BT, tdale oywioehrondshenf lyppaf btylak st®4ed 87h Fadhcralteadnsisistofia bdnef gr oup i s
activated. tuféstgli{ﬂéﬁg)én'ﬂaéﬁﬁﬂs &HeOkith (ﬁ"%c]pﬁsoqéc%{acs pg ﬁig&)h%cﬁnﬁ%fgg%é tﬂ%ﬂtal behavi or
with a field such as checkbox. 1t can se In conjunction with
t he "subm‘Pk?iﬁf‘?%gram‘éEhPW‘ilElft%re% a form hyperl i nk to provide continuous

i nput to an appl ACﬁal'dleEiﬂent k45 caee atchktek ﬁﬁ@sh&ubb&ﬁad k3, a&bbﬁ@,&'fetd 889, ora

"bl ackboar d" .i t wher.e |n and therefore
shared as “B8H° tﬁeidg{l&t 0ce dqogmedidafsg‘ ISShOannor%’ﬁe&‘f g‘é“é"’gfi PRESET on of
rel at ed i replpld’szoed 5 s agpigmell to the Geldt ur e a related set of inputs through a

printed netpage. A%hJcQJomﬁéthVﬂﬁ a@odibRlbod1Qn SHEMBsH, aQEh%wﬁ?[nf@E%e%spﬁl{ ers to
an application software ﬁ]iogramrunm ng on a server. form867 is a group

el enent 838 P2 PRS YRR Zime Figy eaﬂwedrltaq}m%&%‘éwyweaﬂﬁaﬁge wledy  of
term nal fbeeksttnﬁllteﬂieﬁeﬂd;s'&&g A forminstance 868 represents a printed

i nstance of a for ‘%lgci]gﬁn §o§1ateagfgﬁvaf tgﬁﬁ)f Lﬁo%lnd inst ces d8%1t l¥@al ch

correspond to t_he enent s form _ nce has
an associ aeered/ | aut@ﬂ §54’s zeph drsmtomgijsallydepyeraddo tsrt vnah@lmw@mﬁngtrh@gmtmn

cor r esponding éhe fidxEh qsmgeédemgma Eaam 651&13 danu@,h gmrc@g%mﬁ wellPMitrstoblf @D a
parti cul ar ri ng ﬁ? ?Cygance h“rl[%ug '{]H;' m)reﬁ!o nt ed

net pages. THE PRy AfRRFH s yPand T RSP gUPeAsR Ongdneilap § nst ance
has a st atltisogﬂlﬁ@n”mmliﬁhﬂmdumm;tesPamlmtAmlys:_t fagd mthmellstelaseﬁwevefpl 2r ola@n,

subm ¢t edl, sl hoBlincRbd S whith oMl oo Bl ) MCRrlddcpt Printed. A form

becones frozen once it si gne econes subnmitted once one of its
submi ssi on hyperﬁls’ﬁ?@é‘“ﬁéﬁé‘i hrwrpssagtted digital$isnaiyge wdys 883, as shown in Figure 37. Any

digital ink captured in a signature field’s zone is automatically verified with respect to the identity of

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

A field element is hidden if its “hidden” atiribute 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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the hyperlink has its "submt delta" attribute set. A form becones void
when the user invokes a void form reset formor duplicate form page
command. A formexpires when the tinme the formhas been active exceeds the
forms specified lifetime. Wiile the formis active, forminput is allowed.
I nput through a formwhich is not active is instead captured in the
background field 833 of the rel evant page instance. Wwen the formis
active or frozen, formsubnmission is aklowed. Any attenpt to submt a
NPS037- SG 26 formwhen the formis not active or frozen is rejected, and
instead elicits an formstatus report. Each forminstance is associ ated (at
59) with any forminstances derived fromit, thus providing a version

hi story. Tdynsnial df olespealnovdmeht),t tater| thihe'sfling’e (i8] ®ith @kesd odlprdn bitng qfaed | cul ar
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orientation and Bib K&;&e he gh%ital i nk cl ass, di rag%i%%ﬁhomn in
Figure 33. A fieP# @ EnBaleagqst @iyl of2 SHeRiend Frok el l B Whigh flun ¢ j o) ¢
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one 58 | o Bob B M G e el By o PR Pt

bool ean vafigigliggtreamhs shown in Figure 35. Any mark (a tick, a cross, a
stroke, a fill zDgaagink Ripfurdd &A{BE WadkErobdd Reid RemlehRedl dsed itianpRnRAUSES A

true value.to be assigned to.the field s value. A text field ha n

h550ct at e FERISH S B mols i s PR3 « Mo pr P Re Capt ur e
in a text dujeeh dliimughohracid ivayirostat iseerlibafioegpmi@r t ed to text via online
handwr i ting recoggidd Bfmaris@tlsd Aok fohlintdrnds S4ONGEfO the field s val ue.
Online handwiting recognition is well-understood (see, for exanple,
Tappert, C., C Y. Suen and T. Wakahara, "The State of the Art in On-Line
Handwiting Recognition”, |EEE Transactions on Pattern Anal ysis and
Machine Intelligence, Vol.12, No.8, August 1990, the contents of which are
herei n 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
wWth 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

wel | -under st ood (see, for exanple, Planondon, R and G Lorette, "Autonmatic
Signature Verification and Witer ldentification - The State of the Art",
Pattern Recognition, Vol.22, No.2, 1989, the
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is hidden if
have an i nput zone on a page and does not accept

el ement
does not

its

"hi dden"

attri

have an associated field value which is
formcontaining the field is submtted.

stri ke-throughs indicating deletion,
Because the handwriting recognjgtion al gorithm works
wi th access to the NPS037-SG 27 dynanlcs of the pen novenent),
.€. Wth access only to a bitmap of pen

fields.

"of fline"

(i

ca

A
A hi dden fi el
i nput .
i ncluded in the form dat

"Edi ti ng" conmmands, such
n al so be recognized in f
"onli
ra
i

bute is set.

mar ki ngs) ,

field

d el enent
It can

a when the

as

orm

ne" (i.e.

t her than

t can

recogni ze run-on discretely-witten characters with relatively high

accuracy,
nodel of h
can be ge

mﬁthoyt

erate

a wwiter-dependent trai ni ng phase.

P&%&iﬁiﬁé Wih a

necessary

A witer-de
@ted over tinme, howev

qgﬁgﬁtal ink, as_already s

consists @

f abjsetqu

Nuﬂ?nﬁ S

trd%%@nmAny

st roke whi chetonarts in  a

el ement's
interpreta
i s appendg
captured i

ACHaRink S
tﬁ%ﬁn A

R&gaed

NV stroke

G at—ete
b not_appende

ﬁﬁmlﬁa(ﬂbrgﬂo[aﬁbllcéﬂbﬁ strean

to_an_ob ject's rllmfal i

)

d to the
n the ba

Fé@tkgrOL

gkt i el d' s

Shymit fgm forfeplicetiodam DI gi t 3

Skigttund

dliicel d 1S 1 nt

ra_ohi Aot o

SURMEIoRANGT0 apEHedton L1 ON G6

G rcunscript

sel ection
is applicag
with a net
net page o
applicatid
sel ection
Text Handwr
Drawi ngDi d
generate 9

.

—an—af
A
tion-spe
page. NP
jectType
n For nC
to appli
i tingCon
ital ink
i gnature

i

i

A\ UUJ Ul o

Pbi ect s

Ll sz 3 ot nd
l |||. bl Pl bl. bu

AsséqﬁtctWS:tl%ﬁ’]e@ he actual intd

Jefti c. T4
SO37- SG 4

en i nnll'r

Hidngw@ingunmar
P8 Table 2. S

Action Hvper

Cemertdigia @mkiatexipamsigp éaxt font
Higrar y of pen interactions
LnkCGeneral dickSubmt act

DERiib i 1

Digitst ik t 0 appfPeedPial mide &8l i ondl i ckSul]

SRinatrR
vert digi
5si gn di g
Si gnat ur ¢

tal ink tot
jital ink to
pdi gital sign

Bighature! dChecClvaaxdgial RREYSRUIrgRichérte t 0

?ﬁﬁf g&n’? ?drg {p‘f fB g'l)(tass%g% dlg‘eﬂlald
9@W€95ﬁﬁﬁorn1 assi gn di gi

None

Circumscription

Assign digital ink to current selection

pendent
er, and
tated
partlcular
ready for
nk stream
| ink
sture.

s a
rpretation
eractions
wth a
ionto

m t

field

gi gnhat ur e;
t al

The system maintains a current selection for each pen. The selection consists simply of the

most recent stroke captured in the backgroumd 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 neipage page server and is

optionally transmitted with the form data when the form is submitted to the application. This allows

the application to interrogate the raw digital ink should it suspect the original conversion, such as the

conversion of handwritten text. This can, for example, involve human intervention at the application

level for forms which fail certain application-specific consistency checks. As an extension to this, the

entire background arca 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 58 the stroke intersects; determining (at 888) whether the

formatted element corresponds to a field element, and if so appending (at 892) the received stroke to
the digital ink of the field value 871, interpreting (at 893} the accumulated digital ink of the field, and

determining {at 894) whether the field is part of a hyperlinked group 866 and if so activating (at 895)
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ignature to field NoneC rcunscriptionssign digital ink to current selection
The system naintains a current selection for each pen. The sel ection
consists sinply of the nost recent stroke captured in the background
field. The selection is cleared after an inactivity tinmeout to ensure
predi ctabl e behavior. The raw digital ink captured in every field is

retai ned on the netpage page server and is optionally transmtted with the
formdata when the formis subnitted t)g 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 human intervention at the application |level for forns
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(at 895) th® cﬁﬂkraﬁﬁm&dtdggtrdﬁyrp&%ﬂ Briting @t 908y Dakitay @drimreiontht BaeaRsEACE Of an
|nput field or at the recejved stroke to the
di gi tal i nkK of t ﬁg%o qsﬁr“&%ﬁlp e‘:\?glg fﬁﬁm r‘f?f)?)nﬂlurslm S FYT tNE" ecei ved
stroke t o sidneture feyrrelpting tostbd @@tﬂpmdmsmhcﬁhomh@aémmem 905kthe digita! fimmatnedd ned by
the registgagdPApserver. Figure 38a shows a detailed flowchart of step 893
in the process shown in Figure 38, where the accunulated digital ink of a
field is |hférpr5?%°t§e§&’(ﬁ°ﬂf'?@‘dﬁo the type of the field. The process
consi sts of det enArfagd fge(@m30} awhahdda whiches HahddddodaBy By @6 ek bawrand (at
897) whether th s.a checkmark, and if so assigning
(at 898) a%f’rﬁtﬁse S%tﬁogko%'&pf'%andf&gﬁ“cfg %ces alternati veI y determ ning (at
899) whet her theAmP@|8W¢sonanatl@9&7cmbeladméfmnrcﬁnns‘ed%mﬂepitciatm@@@m@%) t he

digital i %9t&e&pﬁﬁy§(ﬁiinaﬁ@9(lb; a Sk fobin behtes ARG 1, LRENIRAPFRPEdnRMlaEd §1804 Stration

server, and assi gni
reset page go d g13 a get page status command 914, a duplicate document command 915, a

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

A void form command voids the corresponding form instance. A duplicate form command
voids the corresponding form instance and then produces an active printed copy of the current form
instance with field values preserved. The copy contains the same hyperlink transaction IDs as the
original, and so is indistinguishable from the original to an application, A reset form command voids
the corresponding form instance and then produces an active printed copy of the form instance with
field vatues 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 contains a transaction ID, the application has to be

involved in producing a new form instance. A butfon requesting a new form instance is therefore
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t he converted conmputer 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
regi stration server and using the pen owner's private signature key
relating to the correspondi ng applicatjson, and assigning (at 905) the
digital signature to the field value. 1.7.3 Page Server Comands A page
server command is a command which is handled locally by the page server. It
operates directly on form page and docunent instances. A page server
comand 90@picaln inpmanteds d hifpedifik. cormand 908, a duplicate form command 909,
a reset formco . form nd. 911 .a duplicate page
command 912, o Fobgyeds duesToliind LRSS BhiD SRS naly Sl GRh T, 70
dupl i cat e #itctinkaskereadiidh el pserggd. If Be pige danainge A ediswerhel a00@:, thor they  get
document skalide HEETERREAS 1s7 inteRbPetcdNRWN diplicalsl B Gondnd. s \tk1OpaEO LéReRMaNd
voids the co I‘ES£OI’]di ngo forminstance. A duplicate form corr‘r%nd voi ds the
y tta e
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copy of thgintca)and ihOSIRREQry \Wrkdlit cohia@t 6 iMakYes di scarded. A get form status
comand produces rinted report on the status of the.  correspaondi ng form
Cnstance, i ncl udi Ry HE BOOTIERBET £7 RERPIE St Apd v & RRE 1t was
printed, aregdeddyentorm status of the forminstance. Since a form hyperlink

i nstance cont ai N§yigy § R0 RAGEE Ry natedwﬁﬁaemlaeg?{ege%d,%ama s BE prire@Vi@! Ved 1N
produci ng a new form . nstance. button requesti ng a new forminstance is

t her ef or e thiiPBYI7ioRE i807 Phgpimesk appeass 3 P sitadqtdedeckuark epphie 2nd 1K 2Pal #pl i cat e
page conmesgksdd teRd Ol Sra@ingdlahddi@ehuneOfpyeadihn tel Srigh@l oS RANLLiRgnR AGmpaARd ance
with the bgCakSg{]&)alrj d .iCIenId%I ﬁ\ﬁajsuu‘%ssﬁﬁgs%&l}/e%gﬁﬁcgont he page contains a form or
is part of 3 forme then the aup I cate page command is interpreted as a
duplicate form cénelivels dfkumes eqmngadprodiossraritred proditererpding iednabpy  of
the correspandi Gih BALGoE HeRANGR MRt 8 BRCKEHOMWmliheld M@k Uen 6L Scar ded.
If the page contains a f rris part of a form then the reset page

orm.o of
command | sg‘iphﬁaférdﬁ‘i‘lé‘?‘%a"m’%@d deofigates the fosmin Q5 Seraey @ AURjerte fgayemarnd dges conmand
produces aApssitrbathetepoinind @rodidaea ptiBddspy0d! then@rresp@iding S@omeht Rgapageh
! ”fSt ance, l!aa ldgc{ Hgd %19:5 Q#palrdeanquelc{Mum\%}%@ntﬁﬁs :}Q‘g%orglg,!tﬁ'etn%ge’ ege(f-)%locuvmf%m It was
printed, an {he status o any forns It contains or i s parrt of .
command resets the forms in the same way a reset form command does. A get document status

command produces a printed report on the status of the corresponding document instance, including
who published it, when it was printed, for whom it was printed, and the status of any forms it contains.

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

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

A page server command element is hidden if its “hidden™ attribute is set. A hidden
command clement 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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The net page | ogo whi ch appears on every netpage is usually associated with
a duplicate page elenent. When a page instance is duplicated with field
val ues preserved, field values are printed in their native form i.e. a
checkmar k 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 graphic indicating successful
signature verification. A duplicate dggument command produces a printed
copy of the correspondi ng docunent instance with background field val ues
preserved. If the document contains any forns, then the duplicate docunent
command duplicates the forns in the sane way a duplicate form comand does.
A reset dotanentSunnmaﬂ&mpmadusﬁsnasmwinted copy of the correspondi ng
docunent i nstanc b round field. valu car he docunent
contarns any or it pRimf RS Gl Mol okl MESRCLERR! BRCw de R SO0
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i nstance, includin when it, was printed or whomit was

printed, icHue & ey af e crfe f%fH’yA’f"o‘PfPﬁ cfsg 0 é‘di"ﬁlﬁldﬁ‘élme‘rtfs“%hﬁéab%‘&é” SWPPer
command' s mQMMSB%e&medihﬂﬁﬂymhuﬁahmmmyﬁmethen t he command operates on the
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print ed. ﬁewﬁm@efidﬂgﬁtﬁ%t&eéﬂﬂ@é@wbbfhe'@'mf%ﬂl?goé“tf?ag@naﬁ@ﬁ%ﬁéﬁ comand el ement
for the deﬁggnatgaggqggs@gtmer command, then the conmand is ignored. An
application can provi de appl,jcation-s ecj fic handl i ng by enbeddi t he

rel evant page s "‘\ig‘?ferﬁﬁg sk %ﬁ%"t‘ﬂagﬁﬂﬁ’mﬁr s upals g a%]rl‘?‘}queipgrﬁ@‘g’bage
server actpresaid@sliditesipiqesd df nbrageadichtiegl w th the hyperlinked group
rather than exec R server command. A page server conmand

el enent is hlddé%&%Pgn&ggz1lchn" attribute is set. A hidden command

el enent does notSTRPEPTHIST fopMEEPI¥one on a page and so cannot be activated
directly by a uUsglvethdlp 8&@, however, be activated via a page server
command enbedded in a different page, if that page server command has its
“on sel ect'ed” at PP A EB™\PSO37- SG 31 1.8 STANDARD FEATURES OP NETPAGES
In the preferredof-Brametachiwdtdragey i s printed with the netpage |logo at the
bottom to i ndi C#hhelyiahy drbvideSa AerRBhARRG AR o NEEE100GDAT ol o7 act | ve
properties. The [ogo also acts as n noSt “cases pressing
the 1 ogo producedhefosusisyt fgrtionmenyyadus $%@WW@%@&§@“bf a form the button
produces a copy @ﬁté&&ﬁy@ﬂﬁb&ﬁeiorm And in the case of a secure docunent,
such as a ticket or ?oug the button elicits an explanatory note or
advertising pagée N RS2 uIt "® ngl e- page copy function is handl ed directly

by the relevant et thagpespbgounent

A document function is initiated by simply pressing the button and then touching any page

of the document. The status of a document indicates who published it and when, to whom it was
delivered, and to whom and when it was subsequently submitted as a form.

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

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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server. Special copy functions are handled by linking the |logo button to an
application. 1.9 USER HELP SYSTEM In a preferred enbodi nent, the netpage
printer has a single button |abelled "Hel p". Wien pressed it elicits a
singl e page of information, including: status of printer connection

status of printer consunables top-1evel help nenu docunent function nenu
top-1 evel netpage network directory The hel p nmenu provides a hierarchical
manual on how to use the netpage systgm The docunent function menu
includes the follow ng functions: print a copy of a document print a
clean copy of a form print the status of a docunent A docunent function is
initiated by sinply pressing the button and then touching any page of the
docunent . Gl‘lnewsﬁetpatau&ne@%m@azﬂmmwnethé infeiniddl ajeadsthyesepuditdxsihederd t and when, to
whomit was deljv n I bri tt ed
as a form The nient g‘gg‘g”"?%gtq‘ \?\%&ﬁ #?&%&%‘%’F%‘%&e gﬁﬁg{gr%g%%?%£13|nea%’e t he

hi er ar chy ®¥pliggifs| 4re aepeyplized avme differet cecshagipmy: Fige sditone)r gentetsis a’wscaxpltze# native,

the user cag@R b thdi@adde! RARIAYNEIMARK impHAR caBi il fierest M6Hilk.OMNe RAGRSIng and
speak to a human o r..can | ocate. the desired docunment and

erator. . The .o at
route it t“é’“tf”ﬁégpﬁrg hizg ?ff‘ir‘?’f?getf’the%é%é i’“}faa% “TRER cument type, the
publi sher 2t theEwsenayPrErsoNabieatsmal | "yel | ow pages” service fee. The help

page i s obviouslyg saba cgﬁ&}%,»?oa &mgﬁ& REdR G cel: &O&Q@a%eﬁv&geggm&a iods? thi's

case the "error the user can reques agnosi s
over the naélti\IJ&W@t?eE’ERS@ﬂA@F%EDW%EWIWOMEgg%M%@dfeé%“!ddw Yy

descripti Oﬁbhsa@w@euissstrb@@%asgg&g&anambxcw a Rl baAEHOBr BXANPbedilited dekd USt T at e
personal i zati on chani e net page syste AIthough news is often

Pt i t G JuE o sl oSReR30 S BE hesibetd i heliEE S e nows,
t he i nt endeldle soGpecanncan hempry eslenticdcovedetws feediiot@mews servich e carebrpagea syst em

the editorialEQntPlondth §ilQ:s BAMEE Sohdl Pehe CRM-E Bin Ohait NEWS  publication
are personal i zed_using di fferent nmechani sms. The editorial content is

personal i zed acé®r Wﬁ@e Rubicatipa spragfpaRpouss G5 pibiication f editedinsys BHRBCaFORF it | y
capt ur ed ivwdliessesd a@&e@iﬂoh be mlihipleAEWe kikdaas. MY haﬁmmg et aghSedied SNihdez@el

according f%rma%tmg o neex%g streanis selec(%e%l dlreéﬁy gle rea cligr) gihe sQrver 1§ able to place advertising on

pages over which it otherwise has no editorial control.

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

For cach 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 fiiends’
announcements (“Personal”), or for monitoring news feeds for specific topics (“Alerts” or
“Clippings”).

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

The reader also optionally expresses a preference for a large number of shorter articles or

a small number of longer articles. Each article is ideally written (or edited) in both short and long
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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. Wiile news publications are aggregated and edited by the
publ i sher, news streans are aggregated either by a news publisher or by a
speci alized news aggregator. News publications typically correspond to
tradi tional newspapers and newsmagazi nes, while news streans can be many
and varied: a "raw' news feed froma ngws service, a cartoon strip, a
freelance witer's colum, a friend' s bulletin board, or the reader's own
e-mai | . The net page publication server supports the publication of edited
news publications as well as the aggregation of nmultiple news streans. By
handl i ng tﬁmmaggmﬁgamhﬁmmaﬁd hence the formatting of news streans sel ected
dl r eCt l y by t he h eagelrf‘: ‘ma; aFo %er v Iorsed%bci)?n &&ef@l}t%&‘% l%q.() %b{(:fl ﬁle £ 892 pages
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and cr eat i Rfiof isREEHRINMoldEB W HEfeddeP gl THE RGRY caf BRcifyeS Wallihd ke Oilidntai@di t i ons
are printed and bound tog aiher into a single newspaper. The various
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"Technolo nd " Sports” set q0s i,S spe fIC to a
oub i oot t SHoisis 0 omBR B fbten i e mBion fooe Pt PR O R RS oy

newspaper doyabcuamtﬁlterglg @ammemlemtmgan@ps galehndofebedirtais Tig butons @anyromdarber  of
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announcenent s (" Person , nonitoring news feeds for specific
topics ("Atstes" or "di pp| ngs"). For each section, the reader optionally

specifies its si Aﬁwleemﬁthwghwahmets ahd ‘él&lrtyhfétﬁ‘neg arcSth@rsibe eflREH Mns@éred ONQG) , OF

B :_'I gg {) Ir f ?‘1) lnexsg%nal reaai ?15 Fc‘rlltars ando deﬁvereg 9(1 mci:st r{:levant f’ﬂgc(n%zré a R Id g:} he n g re ﬁ;:’ ed | ow
none), or nuneri && It‘gﬂer( qptlelall)afsvetaf epem@dmmg@tor dither qualitatiely Glgsde aplei’bnal |y

expresses samngeqﬁe@ro?ﬁu;&néaﬁg; Aaméhas&g&ldayﬁberwém @b@fegherd ueeatfarglaeﬁngnamm@ smal |
nunber of |gnger articles. Each article is id written ed) in

bot h shor t°°%’8131“6' ﬁ'&em&lljéﬁhifa%‘t‘f “@%esftd‘?"ﬁ“sm‘f’léi tbé“i.fb"p"t??‘fsl’?“ﬁ’i“% Seﬁﬁ“’éf“@} 'ﬁﬁi@&d' An
articl e may tialGderhepevified daiity( Ardifebnt sedydigitp fadiof fae bespteified fs didksntidays oAt ch t he
expect ed tgoghkstl cation of the reader, for exanple to provide children's

and adul ts™ versions. The appropriate
The reader also optionally specifies topics of particular interest within a section, and this

modifies the priorities assigned by the editors.

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

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

To reduce reading difficulties caused by poor evesight, the reader optionally specifies a
globat 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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version is selected according to the reader's age. The reader can specify a
"readi ng age" which takes precedence over their biological age. The
articles which make up each section are selected and prioritized by the
editors, and each is assigned a useful lifetinme. By default they are
delivered to all relevant subscribers, in priority order, subject to space
constraints in the subscribers' editions. In sections where it is
appropriate, the reader may optionall y,enabl e coll aborative filtering.

This is then applied to articles which have a sufficiently long lifetine.
Each article which qualifies for collaborative filtering is printed with
rating buttons at the end of the article. The buttons can provide an easy
choi ce (e.d@codink] ik e gropasp df thﬁlblﬂjhi:aklﬁfhn)l pot Bk cd éxpﬂ&ﬁé(ﬂayl thdagbryHéweadr, theader s
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don't surprise ne), or nunericall serendipity factor | owers the
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specifies m&bpﬁeesgr@rﬂmpartl cuI ar interest within a section, and this

modi fies the pri foecmeeg»dvaﬁﬂgg@eﬁac&v of AR Kl Tof)lio%ahtyTQﬁ &eﬂﬁ&‘r@ph&fs idegicf eader’
| nternet connection affects, the uallt%lFat V\hl‘grpafflgl%g es can he dellvered
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quantities, dat e$, ey H@ﬁShafrfdm?PbPFéﬁtéﬂ%/PfQﬁ‘PUéédvaﬁ@"g I'sgreal p rli-dingypignal ny ol ves
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for mat, an(? a | ocal dctﬁrrenc ther the localization consist of in

situ transt@PFER Y WS@eﬂ%Sﬁq%ﬁj&lfWeag‘@mﬁméf erences are derived fromthe
reader's | ocal it n by ndetaskstn, Honapegiupblicadmdemg cdinputds thel appredmgawsisd by poor

eyesi ght, §REbeREE! o OPhIbARA ¥ saRRHRE hdvirBineBpacd |08 Baler-RERH S50 @aﬁm% %o @ | arger
presentation. Both text and inmmges are scal ed accordingly, d Tess

i nf or mat i oieUE e BYSHFRHRR BaErERbicaaTFED dBfeseoiPRE APl SFH OWHPL % hews
publ i cat i Ofctios eqitith] dachitesder saidribihSpreRfioR apdach regertsehoghipB8 37- SG 34 encodi ng,
s a property of the, publ L6200 heRl heihad SIS ShEPGE SXRLESSES LY the
user. However,

defmed in greater detail, and allows smaller pieces of it to be sold separately. It therefore allows it to

be sold at closer to its true value.

For example, the same advertising “slot” can be sold in varying proportions to several
advertisers, with individual readers’ pages randomly receiving the advertisement of one advertiser or
another, overall preserving the proportion of space 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 advertising aggregator can provide arbitrarily broad coverage of both geography and
demographics. The subsequent disaggregation is efficient because it is automatic. This makes it more
cost-cffective 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

agpregator acts as an intermediary between advertisers and publishers, and may place the same
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net page system can be configured to provide automatic translation services
in various guises. 2.2 ADVERTI SI NG LOCALI ZATI ON AND TARCETI NG The
personalization of the editorial content directly affects the adverti sing
content, because advertising is typically placed to exploit the editorial
context. Travel ads, for exanple, are nore likely to appear in a travel
section than el sewhere. The value of the editorial content to an
advertiser (and therefore to the publisgher) lies in its ability to attract
| arge nunbers of readers with the right denographics. Effective
advertising is placed on the basis of locality and denographics. Locality
determ nes proximty to particular services, retailers etc., and particular
i nt er est s ahdtenacanuitiplepsidiogiost ed Wwth the | ocal comunity and

envi ronment. De ations
o e R e e St e TR L T et
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| ocal i zat i prfilamérhaipg inelddisgat omat i cal |y by netpage publication servers, an
advertisi ng aggr f8ad.06 SamiRtgyi de arbitrarily broad coverage of both
geogr aphy and denographics. The subsequent disaggregation is efficient
because it'is autUmREiE l¥HEscdAikes it more cost-effective for publishers
to deal wth advemiitsemily aggregators than to directly capture adverti sing.
Even though the %%wann sipg aggregator is taking a proportion of
advert|S|ng revehte ubri'sher s may find the change profit-neutral because
of the greater eﬂﬁqcm%%@vm@fOéggpégammom;U@h@baﬂ#@ﬁWWSWﬁgk agyrseght or acts

as an inte&ﬁ@Q&ﬁﬁHmﬁ%ﬁ%@@@nﬁﬂﬁﬁ&ﬁh%ﬁkﬁwaﬂdaﬁ@b&&ﬁﬁ@ﬁ§mwﬁnd may pl ace the
sane NPS037-SG

A cotlaborative filtering vector consists of the user’s ratings of a number of news items. It
is used to correlate different users’ interests for the purposes of making recommendations. Although
there are benefits to maintaining a single collaborative filtering vector independently of any particular
publication, there are two reasons why it is more practical o 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 to present its 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 quantitics, dates and times, are likewise
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35 advertisenent in multiple publications. It is worth noting that ad
pl acenment in a netpage publication can be nore conplex than ad placenent
in the publication's traditional counterpart, because the publication's
advertising space is nore conplex. Wiile ignoring the full conplexities of
negoti ati ons between advertisers, advertising aggregators. and publishers,
the preferred formof the netpage system provi des sone autonated support
for these negotiations, including supggrt for automated auctions of
advertising space. Automation is particularly desirable for the placenent
of advertisenents which generate small anmounts of income, such as small or
hi ghly | ocalized advertisenents. Once placenent has been negotiated, the
aggr egat orgléaphdimastaisgddn thelialms wishe adverti senent and records it on a
netpage ad serven, (RILESROANLAM Neicl BEnAHON, Sk fGRLLP BB acement
pu t en t t page pu

on the relevant netpage I cation server. e ne 1'{ cation
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typical | ydfu I cat i on-speci and so the custom zation information is
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net page r egiet FE T Epphrpf s reduired

When a user subscribes 808 to a publication 807, the publisher 806 (i.e. application
provider 803} is authorized to print to a specified printer or the user’s default printer. This
authorization can be revoked at any time by the user. Each user may have several pens 801, but a pen
is specific to a single user. If a user is aunthorized 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 coliect, 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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Presentati on preferences, including those for quantities, dates and tines,
are |ikew se NPS037-SG 36 gl obal and naintained in the sane 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

i nformation such as date of birth, gender, marital status, inconeg,

pr of essi on, education, or qualitative derivatives such as age range and

i ncone range. For those users who. chagse to reveal personal information
for advertising purposes, the information is maintained by the rel evant
net page registration server. In the absence of such information,
advertising can be targeted on the basis of the denographic associated with
the user' saddiisndwlegofdhmbog globdacteraiee 16, peindingyrivay.alcliveappd locditdtion

provi der 3 APRl GikOBr biindSe LA 517 Soflilyl b e s hEAR kLAl sand the
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user's default pri nter A publ i sher does not record the ID of any

parti cul ar inter instead resolves the ID when it is required. Wen
a user sub%g i beDISHRTE H) a publication 807, the publisher 806 (i.e.
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by the user. Each user have several pens 1, a pen Is specific
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printed on the nearest net page pri nter The net pa%e system can col |l ect, on

behal f of a pri nt&radEFrie dul orasationsra be At 1B ATy KeipH I R AFiRR d
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for rooﬁng ‘material spemﬁcally Wlthm the pubhcatlon 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 atiempt 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
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owned by the user, then the user is the printer provider. Each user also
has a net page account 820 which is used to accumul ate m cro-debits and
credits (such as those described in the precedi ng paragraph); contact
details 815, including nane, NPS037-SG 37 address and tel ephone nunbers;
gl obal preferences 816, including privacy, delivery and |ocalization
settings; any nunber of bionetric records 817, containing the user's
encoded signature 818, fingerprint 8%k etc; a handwiting nodel 819
automatically maintai ned by the system and SET paynent card accounts 821
wi th which e-conmerce paynents can be made. 2.3.2 Favorites List A netpage
user can maintain a list 922 of "favorites" - links to useful docunments
etc. on thersnedyiagénaget yumhics, addpgecdsiobexti S mai nt ai ned by the systemon the

user's behal f. It i I i [ . 4 eferrred
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section-by-section basis. Since nost advertisenments are in'the form of
pr e- f or mat et Aegaphin g esoncqdpr2Dagraphip ingeatpbleofeepHeranhisg SV fra t he editori al
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pl aci ng adgmaf Qlanic IO kR iEBhloRhaddRBEd. fi cal |y within the publication
because of a special feature on do-it-yourself roofing repairs. The
editorial content selected for the user, including text and associ ated

i mages and graphics, is then laid out according to various aesthetic
rules. The entire process, including the selection of ads and the sel ection
of editorial content, nust be iterated once the |ayout has converged, to
attenpt to nore closely achieve the user's stated section size preference.
The section size preference can, however, be matched on average over tine,
all owi ng significant day-to-day variations. 2.5 DOCUMENT FORNAT
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Once the docunent 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 information
consists of the objects to which the page |ayout NPSO37-SG 38 refers,

i ncluding i mages, graphics, and pieceggof text. A text object contains
fully-formatted text represented in the Extensible Markup Language (XM.)
usi ng the Extensible Styl esheet Language (XSL). XSL provi des 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 obje anguage codes to enable automatic
translat|C-Fah?'éj’°ntN%’t gﬂggqﬂﬁﬁﬁ%nat| nhints to aid with paragraph
formatting. kavoubmde obj edtribatecodes |an Farmgetofi n | he JPEG 2000 wavel et - based
conpressed i gpRet fiormat. A graphic |ohjfked osjaeodes a 2D graphic in Scal abl e
Vect or G gphics (Q\'(‘) format . The layout 1tself jconsists of a series of

pl aced i me¥9and grBYHR obj ects, lifhked textflow objects through which
text objegts flow, my@ebheQM3 and |nmmm3immlds descri bed above, and

wat er mar k ORS: % -ayout—obi-dets—are—summfari zed in Table 3. The

| ayout use%ﬁgj €onmpdc ?S'o?ornat suitable for efficlent distribution and

st orage. NPS037- SG [G&pfiiabbject ) Net pag§¥éGl ayout objj ects Layout

Attri but eRprmRt of RliEREGHT Tked objgct—tmagePosTti on | mage obj ect | DPEG
2000 G aphi cPositidn_(raphic. object |[IDSVG extfaowextflow | D Zone Opti onal
text objedt | DXM./ X&NeHyper| i nkType [Zone

Optional text object ID XML/XSL
Hyperlink Type -

Zone -

Application ID, etc. -

Field Type -

Meaning -

iZone -

Watermark  [Zone -

26 DOCUMENT DISTRIBUTION

As described above, for purposes of efficient distribution and persistent storage on the
nefpage 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 1D server 12, a unique ID for each page, page instance,
document, and document instance.

The server computes a set of optimized subsets of the shared content and creates a
multicast channel for each subset, and then tags each user-specific layout with the names of the
multicast channels which will carry the shared content used by that layout. The server then pointcasts
each user’s layouts to that user’s printer via the appropriate page server, and when the pointcasting is
complete, multicasts the shared content on the specified channels. After receiving its pointcast, each
page server and printer subscribes to the multicast channels specified in the page layouts. During the
multicasts, 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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Application ID, etc. FieldType Meani ng Zone- \Watermarkone- 2.6 DOCUMENT

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, docunent, and dggunent 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 | ayeeit. The server then pointeasts each user's Iayouts to that
user's printer vj [ rver nd mh q%= ntcastrng
is conplete, ?wa F%HF %&mﬁ aﬁHQ%%%F§§F¥§hﬂS eh‘m : i Igﬁannels
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nmul ti casts eacthegg Eerver and prjnter extracts fromthe nul ticast
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| ayout's re ter re- creates pop ayout and then
rasteriz eseqalﬁﬁeﬂbtor I%B ¢riabout jidat of pase el pegiepnd: n@r Eflar tp Fe highesterreetedr i nt s

pages f ast@k of fagd\ialaRBe§ 30er DBrosiBind VEH&H. Assuntng a quarter of each page
is covered with %naggg t he average page has srze of gss t han, 400KB.
Herero o}

The printer can PR CHC R e WERS SRR e TR SH L B SUES 1t er nal
64NMB menor it theakdr o4ll bl or replersh dreanper vuflf Bifee @t guntéFh é0grapninemalrorage s at a
rate of ong Rage.Rakegecond. This is equivalent to 400KB or about 3Mdit of
page data per second, which is simlar to the highest expected rate of
page data deI|veHVMHWe#ﬂaPBW@éHH@Wﬁ“ﬁ@FWﬁP% mEWfé%lﬂﬁﬁﬁmﬂé T Ge Hegble to

ci rcunst anas useS)HEhmlﬁ&stV\ﬂ@rﬂlt FiREochlr. MkdHetphidd REblBAHon gbtvepmefﬁm alldws ipSntdré kel y

t hat the user able .to r%ﬂlenlsh the a er for%mth
1 re%ue OI' Te-muylticasts cN a cntlcal reques{jsjl 1 re%/elv& or a SO
printer's fﬁﬂopag ernal "storage” “cap ac

occurs, the server re—multicasts the correspondmg shared ob_]ects

Once a document s printed, a printer can produce an exact duplicate at any time by
retrieving its page layouts and contents from the relevant page server.
2,7 ON-DEMAND DOCUMENTS

When a netpage document is requested on demand, it can be personalized and delivered in
much the same way as a periodical. However, since there is no shared content, delivery is made
directly to the requesting printer without the use of multicast.

When a non-netpage document is requested on demand, it is not personalized, and it is
delivered via a designated netpage formatting server which reformats it as a netpage document., A
netpage formatting server is a special instance of a netpage 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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However, if the printer's internal nenory does fill up, then the printer
will be unable to make use of a nulticast when it first occurs. The

net page publication server therefore allows printers to submt requests
for re-nmulticasts. Wien a critical nunber of requests is received or a
timeout occurs, the server re-nulticasts the correspondi ng shared objects.
Once a docunent is printed, a printer can produce an exact duplicate at any
time by retrieving its page |ayouts gpd contents fromthe rel evant page
server. 2.7 ON-DEMAND DOCUMENTS When a net page document is requested on
demand, it can be personalized and delivered in mnuch the sanme way as a
periodi cal. However, since there is no shared content, delivery is nade
directly t®» the sequrasting printer without the use of nulticast. Wen a
non- net pagg, docupgnt. E@mhgquested on demand, it is not personalized, and it
is delivered via a 8e5|gnated net page formatting server which reformats it
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of HTM., idymgraplivake use of the higher resolution of the printed page to
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format ti NgsSRdYVRELARKR SRt RRPdar d net page behavior, including interactivity
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of the net%%g%%fgﬁ%%gﬁgc}%t@d g;{%rogjer @?%L%%f%%e?{éys%@ﬁ Lh-ggf.whﬁe 1

CRYPTOGRAP ography 1s used rotéct sensitive ormation, both in
st orage an@e pther tskapi g1ivate. Th guitlip keyzis spin encomt By passage ddended g thehaldes aE%¢ on.

There are iﬂﬁvﬁte ﬁédyaeﬁg sx;c%ti@ LR tIRaRBIR Yy, h&emgﬁe&wngafé detS@ied Sﬁiéll’(tﬁpt‘ivk@% ]
cryptogra n ubl.i c- ke r yat ogr a . _The age network uses bot

cl asses ogm¥@$$ﬂﬁgﬁ?%%ﬁ§5w égreg? ﬁm%%%%vﬁﬁwégﬁbg’ ﬁ%%%?gféfggﬁﬁ?b as
symet ri ¢ Br gpprogatdphryvataicor s stdne, is mmermkleyr thoholdenditheprivagicy theasnepgd they
message. Twopparties wi shing to exchange nessages nmust first arrange to
securely excﬁange t he secret key. Public-keg_pryptography, also referred to
as asynmmetric cr yﬁlﬁb?yéﬁlﬁ?gam g bf: md to create a digital Signature. The holder of the private

key can create a known hash of a message and then encrypt the hash using the private key. Anyone
can then verify that the encrypted hash constitutes the “signature” of the holder of the private key with
respect to that particular message by decrypting the encrypted hash using the public key and verifying
the hash against the message. If the signature is appended to the message, then the recipient of the
message can verify both that the message is genuine and that it has not been altered in transit.

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

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

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

purposes.
NPS037-SG



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 other
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 private key. Thus two parties can securely exchange
messages W thout first having to exchapge a secret key. To ensure that the
private key is secure, it is normal for the holder of the private key to
generate the key pair. Public-key cryptography can be used to create a
digital signature. The holder of the private key can create a known hash
of a nmessage andid herfolenigydicustibg Whas hefetsicI @y e Prihey adeee keysmisdiny ohe can
then verify.th en t ed._hash NSk t " Si " of the
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i npersonat4on. TRLES one using certificates and certificate
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whi ch specified printer. Every document sent to a printer via a page server is addressed to a particular user

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

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

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

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

number of pens. A pen communicates with a printer via a radio frequency signal whenever it is within
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are stored in read-only nenory in the printer and in the netpage

regi stration server database. The first |ID 62 is public and uniquely
identifies the printer on the netpage network. The second IDis secret and
is used when the printer is first registered on the network. Wen the
printer connects to the netpage network for the first tine after
installation, it creates a signhature public/private key pair. It transmts
the secret 1D and the public key securgly to the netpage regi stration
server. The server conpares the secret |ID against the printer's secret ID
recorded 1in its database, and accepts the registration if the |IDs match.
It then creates and signs a certificate containing the printer's public ID
and publ i Crage @i &te pFitterk OYce aaptd aﬁdpm&saﬂehegmm&m théyi regillagly iexrhinBe sessic@ldest r at i on
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transmts digital ink to the printer, the d I s always encrypted
usi ng the RSP kyreechangs kvotpe RERfer sprey b %?Fs“i”rlfﬁy ‘P@mﬂg\/‘ﬁ?e"efdrbéﬂ? B Ped i n the
cl ear. A pefusisaiabe @cgRQISEBAn k@Yo hopencihe byh spitds it @dssivr kek mewslly, indgkeked by
printer Iqjy R)gi% jprinter stores a session key for every pen it knows,

i ndexed by “pe ' Both have a large but finite storage capacity for

sessi on keys, andltigugha fkgipepeqan Bopsreanatt o peniiiie pog regisiratian protpeb eply b Falpsied basi s

i f necessagay decrypt the session key transmitted by the printer.

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

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

34 SECURE DOCUMENTS

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

The “watermark™ printing process uses an alternative dither matrix in specified
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When a pen cones within range of a printer, the pen and printer discover
whet her 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 nmeant to know the pen but doesn't, then it
initiates the automatic pen registration procedure. If the printer isn't
meant to know the pen, then it agrees, th die pen to ignore it until the
pen is placed in a charging cup, at which tine it initiates the

regi stration procedure. In addition to its public ID, the pen contains a
secret key-exchange key. The key-excbange key is also recorded in the
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sessi on key encr%ed Wth the Een' s, key-exchange key. ,Theﬂgri nt_gr stores
the session key iPiteFaidsmar oadaiad Y tehb's pehyisibrs whenliekne AL dng e &% he
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speci fi ed NPS037-SG 44 "wat er mar k" regions of the page., Back-to-back pages

contai n i PG TicYaiRly Reidr Aierilisaaigbaade Rirpep forehY- (fiiffedofisnt HERE®d. The
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to produce_an.interference. effect when the regions are viewed together,
achi eved b?f'§l n(%f)e%nﬁlaun%tt%f?%%beﬁ the printed sheet.
35 NON-REPUDIATION

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

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

4 ELECTRONIC COMMERCE MODEL
4.1 SECURE ELECTRONIC TRANSACTION (SET)

The netpage system uses the Secure Electronic Transaction (SET) system as one of its
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 systern 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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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

nor mal neans. Pages of secure docunents cannot be copied using the built-in
net page copy nechani sm described in Section 1.9 above. This extends to
copyi ng net pages on net page-aware photocopiers. Secure docunents are
typically generated as part of e-commerce transactions. They can therefore
include the user's photograph which wag captured when the user registered
bionetric information with the netpage registration server, as described
in Section 2. Wen presented with a secure netpage docunment, the recipient
can verify its authenticity by requesting its status in the usual way. The
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private si gp@adetl e stored in the registration database, linked to the user’s record. The user’s photograph is

also optionally captured and linked to the record. The SET cardholder registration process is
completed, and the resulting private signature key and certificate are stored in the database. The
user’s payment card information is also stored, giving the netpage registration server enough
information to act as the user’s proxy in any SET payment transaction.

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

4.3 MICRO-PAYMENTS

The netpage system includes a mechanism for micro-payments, to allow the user to be
conveniently charged for printing low-cost documents on demand and for copying copyright
documents, and possibly also to allow the user to be reimbursed for 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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keys securely on their conputers. During the paynment process, these
certificates are used to nmutually authenticate a nerchant and cardhol der,
and to authenticate themboth to the paynment gateway. SET has not yet been
adopted wi dely, partly because cardhol der mai ntenance of keys and
certificates is considered burdensone. Interimsolutions which maintain
cardhol der keys and certificates on a server and give the cardhol der
access via a password have net with sqgge success. 4.2 SET PAYMENTS In the
net page systemthe netpage registration server acts as a proxy for the

net page user (i.e. the cardholder) in SET paynent transactions. The
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NPS037- SG 46 The application maintains state information indexed by alias ID, and is able to retrieve

user-specific state information without knowledge of the global identity of the user.

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

To assist the system in routing product bar code (UPC) “hyperlink™ activations, the system
records a favorite application on behalf of the user for any mumber 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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aggregates m cro-paynents. The user receives a statenent on a regul ar
basis, and can settle any outstanding debit bal ance using the standard
paynent 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
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A preferred embodiment of a subscription delivery protocol is shown in Figure 43.

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

The application (i.e. publisher) first obtains a document II> 51 for each document from an
ID server 12. It then sends each document structure, including its document ID and page descriptions,
to the page server 10 responsible for the document’s newly allocated ID. It 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 [ 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
NPS037-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 described 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
net adata conforns to the Wirld Wde Web Consortium (WBC) Resource
Description Framework (RDF). A resourgg description may identify rights
hol ders 920. The net page system automatically transfers copyright fees
fromusers to rights hol ders when users print copyright content. 5
COVMUNI CATI ONS PROTOCOLS A commruni cations protocol defines an ordered
exchange ofaghessagedied el teefistatidn sedva@Jails lifrthe dphl@atdva P agfiealiss)IDtdefry togditet t | €S
such as pens.,..pr.inter d servers utilise a set of defined protocols to
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the lifeline IS BhAWL B3ididtaRl afnlld i o dodhuehrudibelPio Bl SRl | S
active, the lifeline 1s shown as a double I'ine. Because the protocols
consi der edsclsepdepriptsTsivest thectelewplepagsy seierg tifrppfticas the yageps sybpeiseqfthesharedroliiegjener al | y
cut short @ShSRembudPschbie@ilidayt chabRASES pde RALHs bfd Bk nlofitodthP hkPEM . 5. 1

SUBSCRI PTI .DEL| VERY PROT! . A preferred enbaodi nent of a subscrijption
Sor v ory UGS Wit B RIRIE Tt Ry S it ol FURTE oy
subscri be treviaslpgrinodidoamenp giplciveatTho nllowkde Ipags saversto edl compiete davayeniseo | ai d out

di ffere_ntIMeﬁnggasg%gitg@%gep&ggrgt{)gﬁﬁth%&hm:gh@a.re common cont ent such as
text objects and I nage objects. The subscription delivery protocol

t her ef ore #8l i veH¥PERBNGABTATON PRETA%Ps to i ndividual printers via

poi ntcast, but dalpetpesentbdned otapeaiik a@RiRe protodtl B skthih inl B@st4s. The
application (i.e ublisher) first obtains a cunent I.D 51 f each
docurent froman"® rljl"sscerrc\gtg(?&i etppge W & RORET é”qfé)eé)(%co' '(')"(':‘.'I'F'r@éeﬁt%]eé’ lcﬁiﬁoc Ure,

i ncl udi ng Actrsst dgpageremter 16D Jihel clpl géntdes te ippdei aph g locatop ot the ppgegEhesainiger 10
r €Sponsi bl Gref@indol fhe B9 GLUTRR e oRAW pbn phREALRICHD. |t includes its own
application 1D 64, the subscriber's alias IIB 65, and the relevant set of

mul ti cast channeflPeRsitggdeterpines oyiafhe DY, dhe pewark gddriss gy prgeseryt il (adiedlias gnat ur e
key. The paggrsekvage IDSWVSTHehedrappby Aaidy 08 inlid cahdif &k u@Bhak Bedntly abtaated from
the registration serv J [r ndi ng . r 1D h r:S .selected
rinter | D EACHR SRS Theprpiafu B SSPROLTD BB il B0, APy BB 0]
may be t heloggerto fepagfspmer printer), and the application's certificate.

The page server loads the page description 5 identified by the page ID and determines

which input element’s zone 58, if any, the click lies in. Assuming the relevant input element is a
hyperlink element 844, the page server then obtains the associated application ID 64 and link ID 54,
and determines, via the DNS, the network address of the application server hosting the application 71,

The page server uses the pen ID 61 to obtain the corresponding user ID 60 from the
registration server 11, and then allocates a globally unigue 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 1D 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's certificate allows the page server to verify the nessage
signature. The NPS037-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
| Ds and forwards the page descriptions, including page IDs 50, to the
printer. It includes the relevant set of nmulticast channel nanmes for the
printer to listen to. It then returns, he newy allocated page IDs to the
application for future reference. Once the application has distributed al
of the docunment structures to the subscribers' selected printers via the
rel evant page servers, it multicasts the various subsets of the shared

obj ects ot tiybetifirenesolrs| y sel ected nul ticast channels. Both page servers
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appllcatlon e server {5 n t he
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al locates a gl obgpkya 40 HME aw&erohlanl&pggeq,uﬁgkecgage&% mnebﬂlxhﬁﬁatas adiyperlink
request 934. The hyperlink request class diagramis shown in Figure 44. The

hyper | i nk S“P’?dﬁ@%l‘eaﬁeﬂéﬂ?"é%mt“ﬁé Thestrokrideptifies tha pase aadiaReyh 0BT PA8Hd printer, and
identifies the cirhqkiadr fywaels thi- péa IDBS A 0L Prink6 B 62T he pRA YR SEAH y@tke pdien sends

:atpf)l IO\(/:\n;t sef ‘fi%page%rée?i()&ﬁx@u@ﬁ%%rl ink request ID, and the link IDto the

The page server loads the page description 5 identified by the page ID and determines
which input element’s zone 58, if any, the stroke intersects. Assuming the relevant input element is a
text field 878, the page server appends the stroke to the text field’s digital ink,

After a period of inactivity in the zone of the text field, the page server sends the pen ID
and the pending strokes to the registration server 11 for interpretation. The registration server
identifies the user corresponding to the pen, and uses the user’s accumulated handwriting model 8§22
to interpret the sirokes as handwritten text. Once it has converted the strokes to text, the registration
server returns the text to the requesting page server. The page server appends the text to the text value
of the text field.

5.4 SIGNATURE VERIFICATION PROTOCOL

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

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

ID 61 and the pending strokes to the registration server il for verification. It also sends the
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The application produces a response docunment according to
application-specific logic, and obtains a docunent ID 51 froman |ID server
12. 1t then sends the docunent to the page server 10b responsible for the
docunent's newWy allocated ID, together with the requesting page server's
| D and NPS037-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 correspondi ng user I D and inter 1D 62. The first page server
rejects the request if the hyperlink Tequest has expired or is for a
different application. The second page server allocates docunent instance
and page I1)s 50, returns the newy allocated page IDs to the application,
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i nacti vi t y10i to the lagplizavipre7 Iodiso tebrgaifisebet forfa 1B 5d ,and mecupageatsmnwﬁrofﬁeﬁ:ds Ithe pen |ID
and the peggdi ng. 8t &%&Eu&eoﬁ id@%e ﬁ]g'aﬁﬁlﬁa‘?ﬁ)ﬂ aRELY She dy eL éB{ tﬂeQBa(EElB'é?t ation.

The registration sefver entifies the user correspon e pen, and
uses the uerted H&@ﬁfﬂf@w@’éﬁ%éﬁ%ﬂrsﬁt’@ﬁa gl isining shy °°lfeépq“ﬁ1’%‘?eﬁ’fﬁé¥e fwe strokes
as handw i ht Rfista@otlservédice it has converted the strokes to text, the

2905120128 CEXahshSh IR BRrhgal L L1e Leduest 0o, pege, server. The

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

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

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

The target application receives the hyperlink request ID from the page server 10 when the
hypertink 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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5.4 SI GNATURE VERI FI CATI ON PROTOCCOL Assum ng the input el enent 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 | | for
verification. It also sends the NPS037-SG 50 application ID 64 associ ated
with the formof which the signature fd,eld is part, as well as the formID
56 and the current data content of the form The registration server
identifies the user corresponding to the pen, and uses the user's dynam c
signature bionetric 818 to verify the strokes as the user's signature.
Once it has veri ﬁﬂﬂ&dlpmiaﬁlosblgﬂ&tr déeds to tibdit thﬁ:gﬁlﬁip’raﬁdeﬂﬁ sl tuegrinkes@sviden e

appl i catio Deditt 91 ki;gv Sgryer B Q)ggtgertvﬁ)th theql erim¥ re %t #55ke agg F'eéve{(lésgs tth%

appllcatlon spec ghat ure en’ use .
generate Iafp@ﬂlr&i rﬁcaisst B? @ridgntify the etfintqrmd $ee¢8rﬁqj>aﬂda on g relestanfrepsstratioe sagyeyi t al

si gnat ure {ogHeP @it RIS D BheRABCatRE EVRF credditiBe coRBPEndHE pNHRY: pSiddr dfSunt NE
digital signature to the signature field and sets the associated forms

status to rozen. The digital signature includes the alias ID 65 of the
correspondi ng us@&he sobfvke sappllchiipwspravides iisnggtienaftp monfied of alpt densitynafl the pdrget user s’

si gnatures %3M S Eﬁglg}oﬂ t of a form
submi ssi on™) ]?03'?038 [ alﬂ@%l %%ltegﬁk . %Ayggt?%n&é{ﬁ %F%g?ogl Lc’g%{;:!rur S via a

f orm hyper®i nk ab‘FT%ﬁEPENPESFB'PT'%s follows the protocol defined in Section
5.2, with gene feegmesaanicki ¢ additions. In the case of a form hyperli nk,

t he hyperlink ac a,tlo nessa sent by th rv 10 to e
application 71 aﬁléf a??@ il Eﬁ’“%‘é?ya‘ffa‘g‘tﬂﬁa%ﬁﬂﬁ%?’%‘ﬁ mﬁ&fabﬁ‘]ﬁont ent of
the form ilnﬁude:héehouﬁﬂg‘m mmmaahylcsmgﬂtﬁugmmng‘wm* 18 deflaingian tnfegorapiod i cat i on

verifies epg f}orgﬂbﬁmﬁ}g fhgéén c@ﬁ{adn@ﬁs el?LFi& LR géﬁtmﬂ%?a?a%iy%oﬁﬁl di’! ¢ bk hd'e

correspondl ng I gnature an al ni ng t he corresponal certificate
from the 1&g gerhgesing 0%t sesi-trauprarayt @veedOf/isSEIO R IVERTtPROT @ig:e!i

preferred mmmomma cfr 187 § QRIBFSHLRA pﬂh@l&(ﬂﬁﬁﬂdls %ﬂid%ﬁ'sem&raﬁsbﬂbﬂﬂmbt&aﬁ gure
47. I n an e-conner envi ronne

ns na able from
an appl i ca‘fllorde'mﬁ?a IglmﬁélFerfo X peu%ﬁu]sgﬁ mglfnl CR? @H%SU ?gl(?rg%§§€f| ons and
sal es, Conifi’dsiudrss: o3in paeld)? Fmigh s@@lmﬂmlsssummdsdm gdrifg stShomesingplf2 ahdo be

payab l € fl’ gls(;nngp&ﬁuﬁl 1'1@ Qﬁi(zh £1‘9j€(¥tﬁhﬁclpﬁ’8}{ khg%‘[amq:vtart tl&eangrﬁlts%ﬁﬁl ‘a cIQ&pJM;H?” i nk
request 2 1s used to route a comm ssion credit fromthe target

appl i cat | ot gt birrerdrin e aafiel. OfHﬁrhE‘ﬁ&‘ﬁtlyz toratip @n'ElY f 2els apprsddstinbte provi der
70b (i.e. pujbdibhgpetion,11@RMathin tHe @BAsing €02S BdidvEBredP Pl @ALINOR PV PMuebe3AGb to t he

printer pr tgé/ (Izoqgi' 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 LED 116 is mounted at the top of the
pen 101 for good ali-around visibility.

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

or stylus nib 121 out through the hole 122 in the metal end piece 114. The pen 101 has three states of
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The 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 I D. The page server uses the
hyperlink request IDto identify the source application, and sends the
credit on to the rel evant reglstratlog server | together with the source
application ID 64, its own server % and the hyperlink request ID. The
regi stration server credits the corresponding application provider's
account 827. It also notifies the application provider. NPS037-SG 51 If

t he appl i caieiatdn. Py toviingl e top @@ dbroiligh 9CTsel, the thhe syxed ant er provi der, it sends the
printer prpvider?wﬁgggihlho J.he original page server together with the
hyperlink reques ) age server uses the hyperlink request IDto
identify the prihk@wﬁﬁﬁdﬂhgeﬂé9mvwé credit on to the relevant registration

server toget herN%grrﬁ,ktcmngn@mrudQtno'{g}gusrlgg;ugtm%{ on server credl ts the
correspondi ng printer Rr oyl er account 814. The saource .applicati

provider is opti &g @ HHGEF 128 BPufsdeniph ERiToRics Bssis 19 whigh ity withipy ? i cation
provi der, lwngng 102 The sednd fepPCH/ i 24 @dovnd ant iffenrdd AEDt1B for pbviditeinfmddrakation

applicatio P

Rerer 1 ng TPty Bl 4° shtc AT St il IR pacs Sk EANLGR, e
nunmer al 10%? forurwew@l@ﬂecgd W@B?nrfg)ml uifgeet The sseae dlenPChy %Qlaégmow areli¢ di ng
havi ng wal tréque]a&&h@elfa's RéRE irdRdds B BF kkmSRAGERF R0Avef, @fid mwmmp hierpen

conponents. pen to 05 is in o abl at. one end
067 or 1 heCol e RGBS G e (R AR P> B8] I0 oY SR S £ he
opposi t e ewithiil @8 caybr WAend ﬂmm anginfilap:d . beahh ente the eurfadcOand irgeteds $rgagesf onmotd ded

pl astics, -l o eco enabl e
e e i R A T
cover  107YaiF¢ Pere’s 13 ashrirmpupted gohip e e bapss2ant fearing) 13 sonerah ésthe he end
108 of thebahewsanags il:ﬁancamdcaalba@elmse@&uragmlp@eﬁatgedmeu&rwm &R wRhiRjeedns back

fromthe i n its wt a, corr ondi 11 formed in
Lhe Ml s 3 188 len et wil e bk stihaidd Ay BasSRLERRRNG) DA i Biallea b b1 o |
pr oj ect i ngsepwd tlgxdiEBLED o wbiehpt:iharmh@ofrﬂmwsttenguim ind®¢ipre Rhe skoadis PCB329

surroundi ngs,auAPSY btk L'ED]@f\ada@nfral;eB‘sth&%ﬁé 144Qdr RESnPEiEBRGRE: ih Be bREET VE a
nmetal end piece 114, including correspond IQ&t screw threads 115. The net al

end pi ece IR Iywhea ﬁﬂ\?&ﬁb‘i’ %yi‘fsolg%i’fé]bel igk qapfyideg A s psadier Widine R el i enatlg % o
nmount ed Wi deRhfiindtifeofaioviadce Hethg apidieditolthied su@b 6y ths peatnibst 1 BRIk ﬁlbam aht frex PCB

117. The nt en .S al 117 us LED
116 i s nouibeio 4 Adechdeft 63, G TE149 Bp ity B oy Blee LB SARLLP,
The pen cablodsp@pdandd2hot h as a nor nal rrarkl ng |nk pen and as a non-mar ki ng

stylus. An ink Rubber grip pads 141 and 142 are provided towards the end 108 of the housing 102 to

assist gripping the pen 101, and top 105 also includes a clip 142 for clipping the pen 101 to a pocket.
6.2 PEN CONTROLLER

The pen 101 is arranged to determine the position of its nib (stylus nib 121 or ink cartridge
nib 119) by imaging, in the infrared spectrum, an area of the surface in the vicinity of the nib. It
records the location data from the nearest location tag, and is arranged to calculate the distance of the
nib 121 or 119 from the location tab utilising 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 mstructing 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 corresponds fo the active area of a button or hyperlink
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pen cartridge 118 with nib 119 and a stylus 120 with stylus nib 121 are
nmounted side by side within the housing 102. Either the ink cartridge nib
119 or the stylus nib 121 can be brought forward through open end 122 of
the netal end piece 114, by rotation of the pen top 105. Respective slider
bl ocks 123 and 124 are nmounted to the ink cartridge 118 and stylus 120,
respectively. A rotatable cambarrel 125 is secured to the pen top 105 in
operation and arranged to rotate thergwith. The cambarrel 125 includes a
cam 126 in the formof a slot within the walls 181 of the cambarrel. Cam
followers 127 and 128 projecting fromslider blocks 123 and 124 fit within
the camslot 126. On rotation of the cam barrel 125, the slider blocks 123
or 124 rmvlaayrteleactoiie\deto haivaath I_CE]Dh gmng the pfeﬂbiaﬁet pedivising feedbbaﬁ; tfe@ fhe Dixttn 219 oOr
stylus nib 12 1t hrough t h 122 i The pen
101 has  RPEEEE st SR T B0 el Bl B M BLERR b, 102

t hr ough 9(Qcapthues gentingohsepep fyresgeadingst Els areewn on th spifaps W!lzleconﬁ&normztp acsmlamre | nk

cartridge éﬂu@m@d&nﬂée%co@é&toc@ﬁ%co%ﬁ&u@ﬁéﬁ 10Nkregartri dge 118 nib 119 out nor
stylus 120 nib 121 oqut. econd flex PCB 129, is nted on an el ectronics

chassis 130 whi chsi% §°th 1Y 1 g SRR RV TGS 2 SR §tE’ Bnd SFIeLPEB 129
nmount s an ofnf se@iesd of Hnk:-&ddped pen 101 @uditthhgh the futfadepilitinvadlbapandnwn éweiit apd 0) ect i on
onto the s cond
flex pep ~PobRESy SRR BIRRL Nbiful o RS UL Bl AMBLAEES

second f| e indcme meamswnnm‘nf@r“éo v gell  bepgiaaerrted pl qcfoatslsouswweﬁ:ﬁru ncI udes

an RF It Ir ane&mq;;& Rien 2R PeRb ptuBA si@kture. ARElscRuchRBE apthle@§trokdd bhstlkdds sb-0dlled
contro I N|

eratjion of the pen 101. An optics bl ock, 135 (fo d from
roul ded ol S B bt i gep Be AR i BR8Pt T WOPSTRR | ot 1 ar ed
beam ont 0 @&blensueff Gaoengandd hedetitings for matjesrecighidont dfchandwrigige asefisom-liakd2. Power
supply W rg&sal36 SaRekL the conmponents on the second flex PCB 129 to
battery contacts 13 Wﬁlch are mounted within the cambarrel 125. A
term nal 138 connects to the battery contacts 137 and the cam barrel 125.
A three volt r ectuarlsg@aﬁblra: bat 138 fayd dhBnasliit sle\pﬁt Hiit Rar QsnGEdR digial mRlatd 25 1N

contact w he ba nt ac clLion c oil 140 is

nount ed aﬁégiﬁFﬁgnm%écon giﬁ%gtéggﬂ?wm é%ﬁ“mgec %ﬁ’?ﬁmgg?w?he battery
139 via inducti oM heTthe pepac wehef plare@ER, ﬂ;@@gitaahlsdatﬁnmmssnttaﬁaﬂlhr& feemmeld LED 143
and i nfrarggd.RhoiadbOtleed 46 of Bﬁged(ﬁglﬁﬁhﬁ 8% i hsRl-AGaRE L génnl()tl e Eeﬂrfbl barr el

125 when either the stylus 120 he ink _cartridge is used f
writing, |ﬁmBFﬁEWm*%aBﬁ%%?@mﬁd“H@F%Wﬂ?hﬁ¥P%mmbﬂm?ﬁ@mﬁﬁF%@mﬂgﬁﬁﬁwéﬁbl|ed to
t he surfacmmhyoﬁhewﬁaﬂymﬂbmbaamﬁmm5My&us nib 121. The IR photodi ode 144

detects light fremthe | Ydadn t t nted on the
slider bl ocks 1351 dmifﬁm gu grYSrlggpad§i§4€p ﬂ% ﬁﬁgggﬁél v?@ed
t owar ds t hiea blagk dig@maifustrdtine ih owrsidetgl tho@chiterturgef die sentrgter gt 134 ﬁlg‘ié“’ ifeke 101, and
top 105 al @wd BGtslRisnsds bk RP cihif 233 @ infakd RRLNG2 1A RN kR LED 185, poaket .

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 1186,
131 and 143, and bhandles short-range radio communication via the radio transceiver 153. It is a

medium-performance (~40MHz) general-purpose RISC processor.
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6.2 PEN CONTROLLER The pen 101 is arranged to determ ne the position of its
nib (stylus nib 121 or ink cartridge nib 119) by inmaging, 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

cal cul ate the distance of the nib 121 or 119 fromthe |ocation tab
utilising optics 135 and controller chip 134. The controller chip 134
calculates the orientation of the pen gnd the nib-to-tag distance fromthe
perspective distortion observed on the imged tag. Control data fromthe

| ocation tag may include control bits instructing the pen 101 to activate
its "active area" LED (this is in fact one node of the tri-color LED 116,
V\ﬂi ch becoLres yeil;el me@&emﬁ hﬁgulale&azﬂ@tver aalﬂpeﬁamsf(treiaaetveec&@atef abk3z dad a, thﬁt
the area tha S. bei n e are ion on the
Surf ace. wHFERR SFPa3 B BRe e Bty 15 MibnenBp 7 it TOKE PO SR
NPS037- SG i5Gerstedyin b engirmoocdler ASKC.doblpy/RE @nppriess (REDircufi 1} mg RF h@onas)erand)f t he
pen vi 5U3|m§u€1@n@@§’f§§m%§@1ﬁedﬁﬁ'ﬁe 14 ORr Q. hyperlink is active when the pen
101 passes over |t nt rol a my. aI so instruct the pen 101 to capture
conti nuous pen f SheciEegeErnys. 21%%%%%? Siig cmsetlﬁetelsmdr“éeé?wﬁtse#

COr I €S PONUElecirOni@ Coib & Ridh,Une is Hdd@iBed Al € paperaby IRurRMC AURSbuiata, eapkusér@a gont i nuous
pen 101 f ce Pen Qtl on Iat t sur |se, a series
of strokes s%roi%lq%ony &y &ﬁ I)sfg:(%olma%e e?smté)raﬁ E@ycamﬁm o1

posi tions I(EﬁEmeesastwm‘ eickdectrpmig P’FW%G’OIW" pambed dyvanuasy £A90, azhleh lse@nlpbretp@d by a
subsequent j RGN WIrG¥E Mtk ad YR et hat  pen force can be |nterpret ed relative to
a threshold to indicate whether the pen is "up" aor "down", as well as

bei ng i nt er pr et edReLMRIF G Fﬂjc?&@“\?&t‘lﬁéem T alterdaenpt o AR WhFR e i s

capt uri ng m13d myniateoHtaet milithesuﬁ&e; ueine@eonfes ¢ aqlichieddrcsit 150 leaih eotiStsitielfbres

so-cal |l ed system
to formt hsgnsgllaﬁm t%gi%dgrlq%ﬁﬂe %’ﬂe co%%g g%bglg(t)hg %g‘?eéﬁa&né%rqgﬁ%%h V\r\/rg? ting,
for on-1irm&tecognition of handwrl ting, and for on-line wverification of

tsi gnatu : ets A Uéi I trﬁei ﬂaao Hﬁlﬁcg:ﬁtgr @hﬁxﬂmaaaes B el uﬁi&&xﬁé@l{%OﬂI?IZ btnhe;ommtr ﬂs@cﬂ-bygan
ransm e I gl a e or ur ..
packaged FORIET R i oF Hent gy ke 1 AR et S gkl ne pen

i S in rangendhndasas depiEneg hgppinhiend doliFidnalbtedtiprkto gavide insrf¢reranBerictrhechica®oni t i s
formed. Vihen thegpghk0l noves out of range, digital ink data is buffered
within the pen 101 the pen 101 circuitry includes a buffer arranged to
store digital inRsd&mget dpveappPen]Hepes s rplefenndibs s nopldedeptigndiedy K5t i on on
the su (r]I facep rc\@tﬂ:ﬁ‘ uﬁammtajemtaﬂt@nﬁrmetdpeﬁ bl)@tlﬁs is ﬂita@isg@ateﬁlatctl@rm Bibip 67 34 Ib |S y
nount ed on e _secon n the pen oc
0 agr am | | PHS RO T i rep arine sy BT peRbimELay (e mmshBat er chi p
134. Fi guriemn@plabrslw g lvhinsive Epy B8andt atsqcmldsieﬂeﬂﬁlt ﬁvefOREmehu prag@Buic tnlwge | mage

sensor  132%.nsh 182 (e GRI16S it B oftedPpdd 6, the IR

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.e. 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 illumination fills the object space field
NPS037-SG



illumnation LED 131, the 1R force sensor LED 143, and the force sensor
phot odi ode 144. The pen controller chip 134 includes a controlling
processor 145. Bus 146 enabl es the exchange of data between conponents of
the controller chip 134. Flash nenory 147 and a 512 KB DRAM 148 are al so
i ncluded. An anal og-to-digital converter 149 is arranged to convert the
analog signal fromthe force sensor photodiode 144 to a digital signal. An
i mage sensor interface 152 interfacesggith the i mage sensor 132. A
transceiver controller 153 and base band circuit 154 are also included to
interface wwth the RF chip 133 which includes an RF circuit 155 and RF
resonators and i nductors 156 connected to the antenna 112. The control ling
processor df4kwedhmariesn prvdr akdoofdesityl ocati on data fromtags fromthe

surface via the 'rﬂ@ﬂ@Lﬁﬁrl‘l%P Jt?bged H%bcilﬁﬁgﬁuﬁt@%a&é“ fure> Gl Qe M%\QSQ& ode 144,

controls the LEDs 116 | es short-range ra
comuni cat Hepnaeraliopebathyhert W%ﬁﬁ@él@ﬁ gl smajkaperpure. ke short mvra HPORIPFHF nance

(-40MHz) g@siRh 8lur, B¢ POER RisMtn @ m&% durNEMw&@therﬂ@u Mepsegnet 145,

digital tra cei v e ei.v 153 and. baseband
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148 are |meagncmp5dur¢ﬂopal9$fon@lseumwntroI | er ASIC. Anal og RF components (RF
circuit 155 and BEcaﬁs@wa.tdgs%ns@Msz ﬁapQ%&B%r;ésgaré@m@g&u%é%ﬂﬁ% Beat N€

separate RF _chip. The inmage _sensor is a i xel CCD (such sensor is
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Transacti o&ﬁsS on B gﬁg ryobﬁ Fﬂe m%lenlés h{?h Hflr?ln7pa'm{mn%‘enea{mﬁf'fanuary 2000, which
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ASI C 134 enters Wh@dlth@%&}ﬁ@hbﬁb%ﬁmﬁﬁsir%’fdg@mpﬂd %@%eu'l@ﬁ%tlh\ébrﬁa)ét waen the pen
101 is not in contact with a surface. It incorporates a dedicat ed circuit

150 whi ch Bt TRen { Helelempineg its Rosifiunsnd prirgiaieti relettye 4be surfse tdReYz h3lehe
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cordless t ones, or ternative unlicense ustrial,
scientifi cMwlme Frisdlizenst, Vol F}Mwnbbra?nduguadw()u@e disclqswr) efeyhéop isienopPraigd bavdn
col I'i si on slatReiicRRce). ThdioRY bed@r puatoeleieemmﬁnsw t%%dfé@cmm&ﬁtedh&@wheﬂﬁr 3 PEN
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optics body®HEE WP FRe™ PR 3158 OF £7B é?r’éﬁﬁ‘“‘&‘&‘% YRS BEFTEE 98ty 135 i s
p
illustrat etdalmmmlfalﬂd)mainb%pfn sigrigiugus ie v617ﬁedThe optics conprises a first lens
157 for focussingd adh@t d-QRuifd A0 b Fidlifn bERbh3 1o, 181 M dd Qracd B8 2
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 resolution 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
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beam splitter 159, an objective lens 160 and a second | ens 161 for focusing
an i mage onto i mage sensor 132. Axial rays 162 illustrate the optical
path. The optical path is designed to deliver a sharp inage to the inage
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 elenent is the objective lens 160. This is also used in
reverse to project illumnation fromgghe IR illum nation LED 131 onto the
surface within the field of view Since it is inpractical to place both

t he i mage 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 | enses 157
and 161 i nphe@dihdepiat ffor ppenrdosdie sonditied Gep $69). n@luatthetplamlsiunam dsengo, tkPen and t he
IR LED 1314 rﬁcﬁﬁeﬁh 'cé’n%L usly J%htﬁreéaifgolﬁ@l X odd 67 Bk GRb ﬁ‘o@%@lﬂ%xg{agssﬁ'otmothpe
|rrposedontetwo S e edges o elmagé

field stopvfite iple t@faﬁpdpépﬁt@mnd Wﬁt%éelat@apﬂ G’Fé“rﬁlaﬁb H6% sndcreranginidl so t hat

t he resul tpoelgomiaacﬂle&ﬂaﬁama@wl(aaucfmgejhedagafatam&mef ﬁfoﬁx&utﬁrﬁqéhlaﬁ pete(ifit €. ] ust

under 20fo the appljcatio is di nent tio ath is
oo tnod 18 briteauanapk Sl hgtrdtte SHALE Py By 1 chsrha e ifhe Do
path, so tdtand tsmils|hthagdokaoatafvialtheRFtchip 18h4nd aftenspHE Lo i edngputintgPBEBR/ - SG 55
of view wih, Wahwén ROVE! ma e fullee Wﬁlo&a& tom?erd]& Lvﬁaaelléé shrcke %LJIQJQ din

synchrony wth framme capture. The use of focussed | um nation allows both
a short ex{oEelgrdl aﬁ%alsar‘fﬁd‘f&%wth@arﬁé?‘fﬂﬁo?1Shlq*’f§s%‘ﬁf'd‘rlﬁ4 exposure time
prevents rTDtI onAE&lmmg a rdasegabal fh@%mgmmp@l(:t ¢yolBs),{ tRprétadsig Rlgdtitad @ecdatér) NG pen
novenent . usesabom CH"&% mcessrsgl 3 en Sl,ll_lfiglﬁl ent depth of field for the full
range of slrtace t udé fhcfff ¥RE capture path includes an
explicit apertur é"ﬂytpelplsm@_bfrh@e Ofdrnoslptpmg poise to Beweius dep i buiferrgigéal gdmsor 132
has a str opdndEs HRASS. If HheME fagtﬁuff&rt@alwaahmﬁen@tn&e%ﬂﬁm rhl3f b Blpfaag t of the
spectrum it is _preceded by an infrared filter 163 t he capture path so

that it cEPtRr n gheg) H"%él‘P“?%@’émﬁ?’ st i ﬂ’Fd’@“ &eéieét%ﬁp?‘l‘iél‘%‘i‘}r%@é msfeiee from
i nt er f er enf:she fisoOLHTEWhegiverfiiltiues at@fpts toh@itwithfte:gen Whi ch may be printed using
i nks which are trans e i i pfrare RCIEEIS G When
the stylus nib 1;%leo$ﬁslrtsntﬁé car ?éefqgﬁf;&%fa‘gdigii ﬁjfinfﬁnmé m% I'S |§lt§ont act
with a sutofggiag systie figwe 60042 diagram ﬂlrlqﬁre@guﬂte§trm§q qfuﬂmavaﬁgitabmk dhaitak iplon

rel ative tenidthemticl 8C@e sth 18:00hckiZnetyen B liOWbrkiRL Sitinds BroRa WS dalnk BB as
recognitio &i{e t%e arti cI eq_‘g%%sTﬁpert C, CY Suen and T Wakahara, "The
State of tHEWNPS e OFed o iting Recognition" | EEE Transactions on
Pat ent Anal ysis and Machine Intelligence, Vol 12, nunber 8, August 1990,
t he di scl | i porated herein by cross-reference). The
force sengﬁ#ieghgé%gﬂ%agglkf%ﬂﬁ?gﬂit| lised to indicate relative threshold
whet her the pen is "up" or "down". The force nay al so be captured as a

conti nuouf val Ugw dtadhiECUSSE ab@¥e, precision range
component (bits)

pen ID - 128 -
nib ID - 128 -
absolute time ms 64 -
last system time ms 64 -
region 1D - 100 -
time offset ms 32 497 days
tag ID - 16 -
x offset 20 pm S9 : +10mm
y offset 20 um S9 +10mm
x rotation (pitch) degree S7 190°
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to allow the full dynamcs 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 computes
the position of the nib 119, 121 relative to the location tag fromthe
observed perspective distortion on the inaged tag and the known geonetry of
the pen optics 135 (see later). Althguwgh the position resolution of the
tag may be low, the adjusted position resolution is quite high, and easily
exceeds the 200 dpi resolution required for accurate handwiting
recognition (see above reference). Pen 101 actions relative to a surface
are captu ﬁdm&ﬁuﬂmseries of sfrokesee A ptroke BDNnsi sts| of ajsequence of
tine-sta ostHt-ens—enthe—surfage—nitiat-ed—by—a—per—dewr—event
and conpr@??ﬁmgv%§he subsequentaﬁgﬁ upi event . STh stroke is aﬁg tagged with
the regi onzfbixeof the surface | whenever [he regison ID cwanges,ﬁs e just at
t he st art-—of—the—strokeunder—mormat—citcunstances—As—discussed—above,
each location tag includes data indicative of its position on the surface
and al so regi onWieit the fiep Hileannespeto §if cqnipptingsypieomthofonirdiler 16 ndtifiesshagitdyi n whi ch
the tag |hﬁ%mp%&ﬁﬂh@lﬁ875%mﬁmeﬁﬁ&QEhubéH&ié@ﬁh&&d&@%ﬁ@h%&m&ﬁgmﬁnﬂaStrOke
processing in the&Pen 101. \Wen_  the isin @gn up .state, the

pen cont r oV P13 g S 1 8% Va1t ] sg?‘@“ f"rf@“’P‘B"r ot @Eﬁ% Perypisys 725G 56

phot odi odetinkddft fgrdigaliainrectornad o itdipbd 0N at®tdeglylBié)pen Wiithed silrogienitd S i1 n a
pen- down c el a4 [ r I ) 166 and
decodes 1(31%&%&le % B?@o%?@%%agp%%(%%ééfﬁroﬁ%auﬂg%myyfggggﬁ%(?%éﬁ&%h pen
101 positi S@ﬁeﬂatﬁ eldeetrfi' enrambethoreis al?lic\st@ﬂ ens peithsing pncfaied @ith the@mpptine apisends t he

posi tion daha ey ta &'&dﬁtr&é}ﬁterﬁsi\ﬁtﬁﬂﬁﬁsedﬂélﬁn (o itklify b Bhet S¥enetpag) rd@kmpRNd Ot her

i nformation_ such a cant i nu monitored). On a
b . vt SR FaE SR o 1 etepianerel e R H AR Dhnd
transmts rédiired h’be sibribkalodatha commtitgheysttf (¢ Riepitil BBclanbl, sydserin#11&drk t 0 t he
COMPUL i NG SkekEM: 110G} freskPoehl PR §&.{;§9én§§ysteﬂecam£ly P88 ch LepehdlyOr der O
det er mi ne whether the stro ted 173 and ? o determ ne
whet her a et s beige ysed Ry csampie; ’éaﬂeﬁafmﬂ%%%ﬂ?g%enﬁgé%&wewﬂ%st 8 bit
mul tiply (s3stymhe8dfer pkddfeindl fOQBHE | loﬁlgut a,l:cg@e listrRdiateSPEIbAR iLPrdvidetd @ Theaiiout  80%
of the process ti |s out of range
of  conpuUTTie Syl et BRRE R B Ede! Fn A b i e e SoR e Sl (T S
|nternal|nmﬂwqmm¢¢m4$%ﬂm#mmmﬂany buf f er ed digital ink mhen it is next

wi thin range of a: GORRNLE DYroks MRt R onhRD 1i4h@c&£nh§eup@4d%{eaémcm@%y is full
the pen ceases to capture digital ink and instead 'ashes its error LED

whenever t3qeMfsime notified o the gy ga6h Ry pasiEon K, ‘M&E strejg the gonjrofler 1345 ¢ he

conponent Se@fds e aﬁt_B.j/\bfﬁbtg:lf'tha lped K110 £ $idintiicdrrdnt @gnﬂie ey & rdkddibn 6ffthd he

(r:gvrr/pg;[ :;]Intg apl%}{ ?é\lﬁ ErlllthE% I%F f?rce.Gg 0nl§r r&m%g %g I}a%%l ILIE klcagar Eli{'ngg Eah ?oc:%;[orn)u tlﬁlélse of the
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 constani 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. becanse 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 1D is constant for many conseculive strokes, the pen only records the
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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 conmponents raw digital ink unitprecision range
conponent (bits) pen 1D 128- nib I D 128- absolute tinmeH S64- |ast system
ti mens64- region ID-100- tinme offsetins3249.7 days tag | D-16- x offset20
pnS910mm y of fset 20 pnS910mm x rotation (pitch)degreeS7900 NPS037-SG 57 vy
rotation (roll)degreeS7900 z rotationggyaw) degreeS7360 z force-8255 Wen
the pen 101 connects to the conputing system the controller 134 notifies
the system of the pen ID, nib ID 175, current absolute tinme 176, and the
| ast absolute tinme it obtained fromthe systemprior to going offline.
Thi s al | owsgiothE) ghatiethatges CaOMPhit Becamngs thl fefibn I iniphieitly esdciited wadd Rata rpen
timeshift % Q¥ di gital ink received fromthe pen 101 accordingly. The pen
101 t hen sync%ronlses its real-time clock with the accurate real-tine
cl ock of the sysbt@ena Feranayehpngephanip difs 1 Hetvearape siokganddegedntie psnjllkent i f vy
the pen whgRodalkee@rdsS nDortaRkBéke ANE TRE Rechifts g ndRB idfiSkly Whdchicl Réh GRAPUL i Ng
system Pen |ID nmay be inportant in systens which use the pen to identify
an owner o e pen, for exanple, and interact with that owner in a
particul ar dir ecEetl comgomat of a btrokohak er enemiyodiedprits atliviesinTayte ot be requi red.
The nib ID allows the conputing systemto identify which nib, stylus nib
121 or ink cartridge nib 119, is presently being used. The conputing
syst em canT4plrSyRaW srokp eqmpopeahprgBisen i ng upon which nib is being used. For
exanple, if the ink cartrldge nib 119 is being used the conputing system

nr ocl adbacnls A1t Nt hor o nmrdl At A f AnAlbaAl nr-on
rbrg.yt ﬁgf iernklraa" s&b‘l{e coﬂponkear\{tuuu\l[\ UUI. HUL up\,uuo\, I III li)\f!éfut \ >3 I'CUCUMVUUIN T Q HI J I ded
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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mar ki ngs nmade on the surface. Wiere the stylus nib 121 is being used, the
conputing systemmay produce i medi ate feedback output. At the start of a
stroke the pen controller 134 records the el apsed tinme since the | ast
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 current tag, the x, y and z rotation of the pen 101, and the
nib force. It only records the tag | Dg78 (data identifying tag |ocation)

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 may be constant for the entire stroke
if the stroke is short. Since the pen 101 sanples its positions and
orientation at 1Q0,,Hz, n 101 positions in a stroke are inplicitly

ol ocked at 100 Fo W 8oL T e le Wil Bies Todlor ML BEE oBhpr MRipiineisY | o)
fails to worpumd hergfenhas @ sizpefebeui H1R0 bis. Gnling certinusps digital ipk ¢aptuedhepbrnde a
tag, It Miguirsd & kdaximEif WakbmBsiBe BediOdt 5. PRBPst bNoflife RnlaBhsVBoifal Bk IcigAld Ci t
clocking. It th refg%g re%grgs t he posi.tion as unknown 1%9 all owing the
conput i ng EYEEERPE 30 KBy'esrol PHICEPEBIRPE T SRRt oHXEIFAM AT s deISanpl es i f
necessar y. hofd averd 2 tnfi@nteS 2F dohttnudus digitad frk SHine, adgioa ast nitDdhenghet@p®n £d infrdq@enttange
(i.e. 49.7 .pen i . e, ti.me. 176 for
& stroke, HRISY bave s BEBBR olfon REMRRR Ak R IAE B AT SO PubilRL 110, (O
time of fsetsPrEssion SERUPEFOSIIBIER radpce tersgiisgipn $oBrd] apd buffes Mamery fRgpireramy
consecut i vigmgt.r okes, the pen only records the NPS037-SG 58 region | D when

it changes 180. This becqnes the region |D| icit sqciated with later
ben’ oo ti one. ey SEdHed iyl RigBe (REEHES Sepbith SHoeE ReliPiBhe st oke
and t he neSuyptogrdply, SeandlBtltionOfFildyd A2y, thy disdeor dfwidchns cdrfdrdtdrhe@indy kodse 175.
Thi s beco j i LCl jat W r Each
conponentmg%mgggﬁﬁggékﬁggﬁgﬁh%%?é?E;éggﬁggfprg%ﬁ%?Fgggﬁﬁg?%&hgﬁ%%gble 5.
Tabl e 5. FRAghaeaeseRian kyhips henumgree sdesils SiwissBasekar coRSHAERcEprErf 20 raw pen
posi tion0 d&akn@vwendppitd BaShé e@Rptbnt @G GBReRI1SEOO bR RELKS ol il &g egi on
changel1100 nib%%Q%ggelllol

Processor

6.5 OTHER PEN EMEODIMENTS

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 9 and
10 in ghost outline,

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

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

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

accumulate, is short.
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time changel1110 NPS037-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 mum transm ssion speed of 5.5 Kbps, and offline continuous digital
ink capture requires about 40 Kbytes of buffer nmenory per mnute. The
pen's 512KB DRAM 48 can therefore hold over 12 m nutes of conti nuous
digital ink. Time, region and nib changes happen so infrequently that they
have a negligible effect on the required transm ssion speed and buffer
menory. Additional conpression of pen 101 positions can reduce

transm ssion speed and buffer nenory requirenents further. Each raw stroke
is encrypted usi NgTrabE PRINTERIDEsES1ad gorit hm (Schneier, B, Applied

Crypt ogr ap.p){ ?'qu%nﬁﬁéctuﬁgs Wley 1996, the disclosure of which is

i ncorporated herein by cross- reference) before being transmtted to the
conput i ng syst emIhTeeticplbyrmanntel]l wetvngsutallprgptes ¢ tieswiehbharrgbled mdigueni Lideys f or
this purpos&QBpfed o%Q%e@/M BAI R dia RAS Q1AM 8- ARRSR% VAL e NSneE&E LIPS, 0f S0

cycl es per encry lpt ed bit, the encryption of a one-second 5500 bit stroke
consunmes 0%h79p BfFigups 12 ﬁ‘?do]c?ésléb*“’%s“?#@h"tﬂa??épa%wﬁh PR PERSREBSERTS I n an
al ter nat i vewpRrrAIQehtEBes 602M8d F18 Which ikt Pt Gdce6f adted sithultade@ My DREA cAsr=agi at i on
(I'rDA) |nt rf{ll%e for short-range comunication with a base station or

net page prl nter . % a further enbodi nent, the pen 101 includes a pair of
ort hogonal accel éndregtrabbigdingassemble §03 mrlidsa stiprofiaihe Pérarec gige efrrachyented 01 axi s.

The accel efenBikR; i BhdRhEo %}Q%Y%ohé“shé:ek QM%&ss@d %ﬂst Jﬁ%sﬂcr&ﬁ@é E‘ma@ Biuhi n€. The

provi sion of the accel eroneters enable hi s enbodi ment of the pen 101 to
sense nnt?l%‘ﬁnw @ﬁ&’ﬂ‘ﬁh‘fa@fa%eéﬁ%hicﬁﬁ%‘r”?ea%%ﬂ fesesel opirtdabets al | owi ng t he
| ocation tags t OI‘bereﬁladmﬂeedk edrtridigel 6@WBhown! iR Figure B eduple® 6@k the Audlaed pfat can t hen

|dent|fya hterest rather tha itiaon on t rface. For
exanpl e TERRLS bl SRR o LBl b DA BR e M. IS, SHECEEE
button), ﬁ’é«ﬁect m?es F’eﬁgcart@ﬂgeﬁlso eatelys b ovcse pibflter dya beist mplding. e amcecaalbiﬁltet he i nput

el enent CagtelickLGiH M dirdRRb I8 nliliOnd ft vRlaaBRNBe. ThRGrAREESHR A Lir @mErBasUr ed
by the accelerometers in each of the x and y directions is integrated with

respect t oPHfHRdS {9 PISYEUIEEs a1 ﬂ?lﬁgtpémfl%frf@tad%e Verigc Pyrtsply 350 shich gielt i nce
the starti thj}ar\pﬁks tibg @R mfnthtealﬁenosiwsokg l.ilcﬁrpﬂl@ﬁngklﬁ@wﬂ ﬁne:nbvyhur @eadattiidge,piBS| t 1 ONS

within a gongl h?‘e (&) th%%tgr is e%e&qa ﬁlnkgytglﬂg llfe o?ﬁll Eart%ﬁ' I_H}t %&I’ ?rf.ndgn aﬁlﬁum'” ates

errors in tpﬁe sensed accel er at accel eroneters typ| ca ave |gh
resol ut i ontecyaklele praduct witke 0%®Equw%$aﬂdg§m€éq@épag9&/@$oo\ﬁm@h errors

accunul ate, is s h@f@ltring to Figure 12, the motorized media pick-up roller assembly 626 pushes the top
sheet directly from the media tray past a paper sensor on the first print engine 602 into the duplexed
Memjet™ printhead assembly. The two Memjet™ print engines 602 and 603 are mounted in an
opposing in-line sequential configuration along the straight paper path. The paper 604 is drawn into
the first print engine 602 by integral, powered pick-up rollers 626. The position and size of the paper
604 is sensed and full bleed printing commences. Fixative is printed simultancously to aid drying in
the shortest possible time.

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 roller and another movable axle with spike wheels and a momentary action
glue wheel. The movable axle/glue assembly 673 is mounted to a metal support bracket and it is

transported forward to interface with the powered axle 670 via gears by action of a camshaft. A
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NPS037- SG 60 7 NETPACGE PRI NTER DESCRI PTION 7.1 PRI NTER MECHANI CS The
verticall y-nounted netpage wal lprinter 601 is shown fully assenbled in
Figure 11. It prints netpages on Letter/ A4 sized media using dupl exed

8 /2" Menmetmprint engines 602 and 603, as shown in Figures 12 and 12a.
It uses a straight paper path with the paper 604 passing through the

dupl exed print engines 602 and 603 which print both sides of a sheet

simul taneously, in full color and wtgh full bleed. An integral 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 thickness fromone
sheet to sepenahothrpnekretis sielefts. The repl aceabl e ink cartridge 627, shown

in Figure 13 couphge 1u¥‘4wﬁaQ=,1 543&1:%“6’?3%%%%&a:%maﬁiﬁﬁa'nﬁ‘»?%ﬂe @%ﬁwﬁl Qﬁ%},g of

chanmbers for storin i xati ve, adhesive, a ow, bl ack

and i nfr atosRling fik e elpg supghytheseisah o rhs dnkccarridas 5‘“%4"&66’9 afrnrwcfsm’ ¢eEcin a
Pﬁse ol fli Wigkel, Whien aa'ssxwacg{gsivefTﬂﬁl dafillary Edﬂ;‘%@ﬂfr?@llefadiéd g&resan n@dicfef[l %blﬂﬂg @%t Ih nSId de
eprlner Vi | S, Vi | e al r 0 e rrn eaads

o Py on i B et P e opd: B HPRopstkBRIBE ol Brivh o R’ 500
whi ch ni ghdre attatﬂaétovthesreetzé brgket 4né hipgd at h@areb/smmgnzthe@st oBye assrodly$63 atliresy t he air
filter wi t!amrdt ‘i'ﬁs GRbA g,zﬁgsgseme gzbee\f,heg%@gyt@%h f'tﬁeqno(?cfed ﬁlgﬁm; fdat % b

effectively linked to t cartrid cartri gelsa
fully recyPErEEPE hsreemdy aﬂﬁﬁqﬁmﬁlyeepp%%ahtewhf%ﬁmﬁs PW?Sr?ﬁmesﬁwygl ui ng 3000
pages (1500 Shee1A§);he shief &mrpa.ﬁ@ ihtQ thel Gubr whedi Assehble 67T bdbediveasl apphell B opé Ck- up
roll er asse she irectly fromthe dlatray past
a paper sensl(‘)“’r11 %%?OPHP%PQSI%? 2 arr‘iér‘lj tlé‘:nﬁ;’rqﬁhe té’gﬁd"cmfm £HE™ S Oétﬁ‘g%’“%m et T™M
print head ésYednglapemihedSt wo Menj et TM print engi nes 602 and 603 are nounted

in an opppsi N pRntERTONEALE RARIeSORE | guration along the straight paper
path. The paper 604 is drawn into the first print engine 602 by |ntegral

power ed pi ck-up B 1eBRES REDIET COWPé‘er;fe%*fSts of  copffefling presessgr /ot @ fstopeipstaligh 4 s
sensed andorf ﬁ&&mslaiu&edet@csrk Mitdrfag REHRIFESPSLS radkol mkdewe (trsas@rvbmoaﬁbner 753,

si nul t aneoys i | i hort est s The aper
exits t heolf i Irbs d L% %4 k??( ri Htﬂgnagn?%efsrgﬁﬂat?r% and an’e ors 7%?)’ d’?@ mSter red exit
spi ke  whemspagssgr{RIFy ﬁéﬂs av, cslnge)qeﬁmns@ngatp ghltrolbesﬁé@a ap@\?qﬁ’y,ﬂammwﬁﬁ aadgal nst a

rubberi zedssifH JrPRAMIAICSS IS RLEEin FMRRELS contact the "wet' printed surface
and continue to feed t(pe sheet 604 into the secghége Mem et TM, print_ engine
A

603. Referring t Mgt Prosessiidaadsy coPREipifgerhatundLes &% axd o phib
dupl exed pwirdiss retpaderpers 160) 2ensea rhel hﬁﬂ&ttbmﬁ 16, doheldihende inteabedmDs ¥13606,.and he

printed parl%%er ﬁ%ﬁr&%s‘ﬁﬁ%@? ﬁsﬂoi g)FEth \A%ix?e c‘éﬁh%‘ﬁ rs% lg%ﬂn?thofglrﬁegm% f1brous

support anot her m)vab a nonentary
action performance general-purpose microprocessor. The controlling processor 750 communicates with the

print engine controllers 760 via a high-speed serial bus 659.

The RIP DSPs rasterize and compress page descriptions to the netpage printer’s
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 simultanecusly,

The master print 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 controlier
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
NP3037-5G



gl ue wheel. The novabl e axl e/ glue assenbly 673 is nounted to a netal
support bracket and it is transported forward to interface wth the
powered axle 670 via gears by action of a canshaft. A NPS037-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 the glue
supply hose 641 fromthe ink cartridge 627. This axle 679 connects to a
glue wheel, which absorbs adhesive by,capillary action through radial

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 nmetal bracket and hi nge out sideways when the rest of the assenbly 673
i's thrust faft@yvwkeedd orfitldsclatdd Bsh @xpasess dllte ghkueMwh@aln) bravghy i hieo f ront  of
t he nol ded S 82.. Tens Springs .c assenbly and effectively
cap the gl ugg'yﬁheel “%en%mecgmgfrle%& Oargf)m“g‘% Se?/arat°}‘§}§s the sheet 604 passes
into the glue \/\hée‘{aﬂ%g’én%‘{“vk Gyafaccauipriuish $&5 frs p&msibd eerhtoveding a gediragd cal edge

on the froRbwod idertdcaPéyr &a%ﬁ%ﬂﬂ%éﬂ eo%rput&m%mai( naersi&cn heieddik | S
transported down into ndi ng Hﬂ{“f‘&bff R CONTROLLER

RO PECT R ernie Balyds KR e Yoal Oy G iy S o

processor D¥0mpodamd, adliite Yansdivtral ciugdt and mexft-p@kdtidnrsituter t@dhonetramrekers nhder f ace

modul e 62 e?eﬁg;__lgcqi 19%) @)jngagic‘é%s G_‘k{gﬁ&%&a%és (Sl RRE A e n(_%.mc né dagﬁ), 17@33%%)6‘“‘1

circuit 75 clr resonators an

raster ii |%éd%033f?r%5@§§%rUf(W)Uﬂ§SP§, IFER 3% (piresiel aﬁf‘ri’aﬁﬁuse@gﬁgﬁé heramtrol | ers

760a and 7&%rh1fg|1ﬁt§1ﬁcé§emﬁﬁnt§5§ 1coﬁﬂﬁton B4ANB.L6E oAb BB HetwRAS tlieh lnesibdaptt €d i n
Figure 14. Thﬁgg? trol rocessor dlrg% comuni cation with the network

19 and wi tHY° 0P ‘7"8 sagmfleﬁ%i‘é%“eﬁvé’ ® senses the help button 617,
control s the useflhs mdie ringeed BDsonGhBic8dstn tha molicedseleWEMHRA tard ywpiakiyowtedz es t he

PdP DSPs 71@ cofieh thEﬂhBﬁes R Ui teRth "ﬂfé'uhl?c"er?sed@ﬁ% J&du%t%s Ltﬁic%d RediBl UM

perfornmance general - purpose m croprocessor e contro |ng rocessor 750
conmmuni cat oty M eusespfrgauencs eprg 28 rrefligen detectingty piogde i ncgfieed seri al
bus 659. ThemRliRidSPs rasterize and conpress page descriptions to the

net page printer conpr ess e .formt Eac ri C roll er
expands, dlthersﬁéen nérr) i ﬁ E% n’émw praes grsecslg%ﬁtaa %HGIW@?TEEB

pri nt head ige5Qe iy rpcea’ing tdatprésc(ulrte@ frfalt dwef’r Sl@h @s PAGLS CqP|TaS. rﬁlrauta@matﬁrme

dupl exed pibhdimen Ed BEuGORES BL 183 u@é'rlia&t fob Qldd-re 6 @ SmnicBrich NGRL suitably
si nul t aneous|y, . The master print engi ne controll'er 760a controls the paper

transport SOPIEUTOD PRIRBTRSDT nk usage in conjunction with the mast er QA chip
665 and the2.4nk RastEmzaigs AQPPrINTING 761. The printer controller's flash

nmenory 658 hol ds,} he, soft oth the S n g SPs 757,
as well as confi g%r ation ﬁg%te Sor 7%}1"3 ecewed and Qealgfftﬁe roumenpsn%'fg g’n‘% W boot
time. page objects, it runs the appropnateRIP soﬂware 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
multiple DSPs is to let cach DSF 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
NPS037-3G



The processor 750, DSPs 757, and digital transceiver conponents
(transceiver controller 753 and baseband circuit 754) are integrated in a
single controller ASIC 656. Anal og RF conponents (RF circuit 755 and RF
resonators and inductors 756) are provided in a separate RF chip 762. The
network interface nodule 625 is separate, since netpage printers allow the
network connection to be NPS037-SG 62 factory-selected or field-selected.
Flash menmory 658 and the 2x256Moit (644B) DRAM 657 is also off-chip. The
print engine controllers 760 are provided in separate ASICS. A variety of
network interface nodul es 625 are provided, each providing a netpage
network interface 751 and optionally a | ocal conputer on network interface
752. Net pagéndne tndGtaks thd papedxpdtion datl eddiaegiselihd) Pdgd eh@adich dpealaps ,plpH;nbd i d

Fi ber - Coaxbe(:bgq 15@11 ragtmgiq(g&g«?an enﬁs.rpll\k qurrﬁlel Chﬁ%ﬁtl{’é’%?@ e 1?191&%.]; lite
transceivers, current and next-generation ce te one transceivers,
and wirel®33 | OPBINT FriginE GOPYROULER t r anscei vers. Local i nt erfaces include

|2E5E I:LEEZLE gggzal Eﬁé paE@éxEQnsmrﬂ-QlB@ﬁﬁmgplpélﬁg of@@ﬂr&@é@mg cdabrOIRF ’ﬂ@tc&nsls@Bf and USB
irewire n rlouse e rkin

i nt er f acestieh Sﬁ’eeér{m% 1384 met B%ﬁ% ¥ pand gm F%B‘Eé%%n ngﬁgéo’aﬂ’grfé’f wor k,

then the Idmaibr 7ﬁeta/vcoﬁskom m&lémrfeamep@m it 06eck astoih egnetb@agasqet wee k

i nterface. ei unl i censed 900VHz
ol %’ mBHG?qmF u&gmmﬁ%&w Me ie aPI'l[mglre‘tﬁJﬁl vely in the

band nor na]IOTy use ess

unl i censed 2AGHz Thmsmlpwomr@en A toperfat@ imn dpuble itz magreSWhilp onecbagedhd uses
freque ncyt BRP nHODIRAM 7601k ks QR sl eeeslllaafat;@ea@r @Y pdgodsDiEdagRaNE Rad T €€
comruni ca

The printer, control l.er optionally |ncorporates an | nfrared
Dat a Assoc‘%‘?i‘f PRAM 7 7 ipassid ﬁ%ﬁ i i Pt s i F RS o ?ftaégmshﬁ om
devi ces sughtigsthagipiagaded isptiasd wiil adthegdag s pateil.v e enbodl nment, the printer

uses the IrDA in N i i

configured net patgrg"llﬁ)rgtnsg‘I g{t&ﬂf@{%&uu /ﬁ'l %N%%ﬁ%&f%\lga%ﬁ aﬁlﬂmal n
processor 750 cxpards (4 e the Groan i Frerompressel! bi-fracl loelUpsh prdyenderg @t T64)Gebis and
page obj ecCfe&! ndyfagd thkGyck &eorag@{oq&rtagaﬁ)@aa&eﬁmaeﬁ dcwvadh @ 204N lﬁb@aﬂasﬁe sédd The

DSPs 757 rast r|z ri on and c e sterized page
e TS Sk SR T S8 DB LR B R OB R Refory. The
si npl est  way rasdtigoladeviaC MK dayenilht irghlentDSReyeli @MY B+IRedot date s DfRred asd eri ze a
separate pg uedTQ%R%Pim&Eg oRInRLS ePﬁBJﬁﬁ]%d ﬁb!%}\é PRTM TS b@ﬂ%rsa{/lﬂ?ét Ly number

of rasterize b&)a es Ca enera e stored in nmenor IS strategy

only | eadstiret W@ﬁqrﬁ%m |tp Oﬁfcfblp DBADL. (Fb# {i%a) siage SrRtR pix Pfemeb of irlergl dohor t

docunment s. q.MahQLdR Hatlve)db Q@Meﬂaﬁtﬂ ﬁlﬂxth@ﬁ%o d@&@fﬁnﬁfe&ﬁﬂe&wm% asterized to a
contone-resol utign bi- Ieve |trr§$ which is | osslessly cog;t)r essed to

negligibl e size AME WHTEPIPLFEES FAFPIET 70 HE Wehily wEs B 2 duplexed

configuration, they are synchronized 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 8™ 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 (812”), 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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image. . The infrared (JR) layer of the printed page contains coded netpage
tags at a density of about six per inch. Each tag encodes the page ID, tag
I D, and control bits, and the data content of each tag is generated during
rasterization and stored in the conpressed page i nage. The nmain processor
750 passes back-to-back page images to the dupl exed print engine
controllers 760. Each print engine controller 760 stores the conpressed
page image in its local NPS037-SG 63 gyenory, and starts the page expansion
and printing pipeline. Page expansion and printing is pipelined because it
is inpractical to store an entire 114MB bi-|evel CWK+I R page inmage in
menory. 7.2.2 PRINT ENG NE CONTROLLER The page expansi on and printing

pi peline o8 the permGEEmgE ne controller 760 consists of a high speed | EEE
1394 seria} interface 659, a standard JPEG decoder 763, a standard G oup 4
Fax decoder 764, a custom hal ftoner/conpositor unit 765, a customtag
encoder 76%11a | Plasar $wiage Tag Silinat t er uni t 767, and a custominterface 768

to the MemjetT"' nidriddiciGRe f-T&em&%mﬂu@tﬂgt d #2105 ViRh LGl ogerates in
a doubl e buffered éanne§$ wﬁ§%gcone page is a@& |Hto Dﬁfﬁ?@%@ via the

de
hi gh speed“&¥gid V“”ﬂ?@??ﬂ%@Sﬁﬁﬁhmfﬂ@eHF%@?6H§Ffdpﬁﬁﬂﬁﬂmﬁgﬁ@“ﬂ§mﬂ%ﬁﬁ from
DRAM 769 anrglopaaswedt drbantaisg h it dodtigatd. Mhe r@@@bdlﬁanﬁ:ﬁﬂdiﬂ’ﬂ@ﬂeﬁlbfﬂtv{aﬁlﬂiem&sm@Ce t he

page has f&ﬁkéhﬁgﬁmgiHﬂ%&ﬂ%{mggmaﬁﬁ%ﬁn&o§& %qded is printed while another
age

page is | oaded. st s ne expands (at 763) the
JPEG conpressed &uht @rrevheRmK tagshepeis Glfcelﬁlpalﬂldilfr tegrefepeding 4 ¢recribpdrantjerdthe
Fax- conpr em&mmaﬂe@m bt d s@skr feR)@liew BOlaih@ MG e thad 500! EQllarde Sy, Bk me& evel

net page ta acco ng ,to the tag format defined in section 1.2, al
in paralle la ré]ctB?fHﬂ sgggg"‘é SheWp Frefery Hyan n@%‘@}“*dﬁﬁ@(}c‘om%’ﬁ@WWhﬁhyer and

conpositesmﬁammﬁ£5¢mihgqumﬁeweﬁmbhémﬁu@dmmewrbver the resulting bi-Ievel

CwK | ayer. The R)\?t‘ﬁ?(lt)a:_g%%etg"k ok‘?S\é%lats %%](e[ﬂﬁll\%e %099 i), glq'g éer«l-: re %fdfgg 6%(% n%laﬁsd

formatted (at 767 printin m pri nt a a set of
| i ne buf f eV&h 2 ayies preasfl 1§ friss e af g v'b*aﬁh@mse Pfe?’f%#%sf(e‘winw) rHecrgfes oSBT p DRAM
The final shsages @i).nts the six channels of b|-IeveI dot data (including

fixative) to the“%h eLT %rlnt ead 350 via g Ptheﬂd |nterfa e 768.
When several pri At englﬁ SAYTESI1 gFgwféﬁmﬁF’“ﬁﬁ &R i as in a
dupl exed wonfingldaf vionis civéndy E@2% synchroni zed via a shared line sync

signal 770. Onl Y“@l@@ntp‘g\}e% € BQkAG, &@Qlonzoﬁﬁld?rgéngrgbe%egn Edegess%tliﬁés ?Itags

master/slave pin 771, generates the |line sync signal e shared
line. The JPi Rt laanekoine readering casigsothe Berrasihs “&V‘Tdc?ﬁﬂr‘stﬁé‘éﬂmﬁ‘%@@%br 772
f or synchrawhsi BQ 3t he a 2pe@e deXpaNS MR ﬂa&d)rdr@ruaer@mgmxalapﬁbo mﬁ') Slﬁ&rﬁfﬂ, guring

the print head Y \Qt & ael Oed Seg ! Imaél arg)a, c%n bel Or d tg lc%)s arc render the
stepper notore b7t FeE ey fﬁ g’ﬁ%'q T BhE PR B g S ‘% g‘f t he
two print wheyetkws each prints 30 Letter
Setting s = k + 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 trianguiar
tiling of a sphere. A regular icosabedron, 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 330 meeting at each of the vertices 532.
To achieve the required tiling, the icosahedron 526 is inscribed in a target sphere, and
ecach 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 triangles. If each edge 530 of the
icosabedron is divided into v equal intervals, defining a set of v—1 points along each edge, and each
pair of corresponding 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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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 mnute along the
short dinension of the page (8%"), giving a line rate of 10.2 kHz. These
line rates are well within the operating frequency of the MenjetTm
printhead, which in the current design exceeds 30 kHz. NPS037-SG 64 8
NETPAGE TAGS 8.1 TAG TILING 8.1.1 Pl ggar 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 field of viewno matter where in the region or at what orientation
it is posi éq'uﬂumfd subdiigion @igngies,echuldigringt eratioh oftvh @iafigles bd tixhgwiar e 228 of he sensi ng

device is lggfﬁ (%2519%‘?3}1%93% Bf O%agfealitmg 1@95192\'? ({eﬁ Of t Qr ac s%eet In

t he case mﬁere t re erre
descri bed #agchpithe twlhfeﬂngmlrwrnwﬂhﬂam@ed«mﬁ%fanﬁ ng‘cf@esrmeeﬂ a@lthgtaclw ewis

obt ai ned wgep. ;ehﬁmﬂ@gén&QOrhe et @ﬁﬁﬁle\rertﬂécs s%ﬁ Qlrdaiy 86 on % %{lree%ﬂel @t eral

triangular grid, as shown in Figure 52 defined in This is

achi eved wHBRMNY HEEaHEKe (16 ety kgph f’%?&%§6‘§é| iTppretee f%aﬂgaf%ecta%%%e t ag

di anmet er Kksphd#¥, iving tht agirditiéinet er k of 256 dots (-.4 mmat 1600 dpi), mis
therefore 552 dot,s r .an
effective tag di a %eéerapgmmtiyyvyd} %’ﬂa@ 8%1 %%%%&gwwlﬁgé?egg&s) Osavsfl 5e°§§slf’ dots

(- 9.3 ) . adisparepmeler Vg efeqregiogs ﬁﬁ\ﬁe@ela‘fy af e epadasic Figiratdtshowstqp jegsabedral gt

| east as |%%c§ﬂ%mﬁﬁeg“&ﬂhﬁ30fm3®gﬂjm field of viewis given by EQ 2. Wen

no overlap is de din e horlz ntal directjo tween successive |ines
0F tags 500 ot bt sbOGHER e & T p Bt AP CTHRTLGS: Mot be

noved apar mrt&:eyltas fronthaaurfrca ndlindpherg iandcirndo yhe Qe B it isaien proj@ 86t alotthediplret er t ag,
uis ther ef@(f?&%uﬂ.ge o mOmd s{%l“o’f‘tpmﬂe@lé&) sﬁlﬁiv)smnsths}&ﬁs sﬁﬁdﬁwsoéf&‘él%@egscaﬁ he qui et

area require eta ul e al ea Ccahn |gnore |'i nes are
r ender ed t%ystewaeﬂ!w@msmfeé A Pf@)efém@@mb Mon' @QC%%W@%EQM:& oFfoF a
256- dot di siRdikiag tht 8gestia sbmret’mqn@fetafsm739@1dmc&er 14; 1946)71fﬁrm1ahen1a6€)&udépi ), and

mis 598 dots (-9. ., 8.1, her.i c Surface Ta ng A, re ul ar

e osahadr offe Pk il e s e 8P et i LA S Ryt o it SR By ar

t ri angul arhovkvek,itiegsudidce defhienr e fivk uizmgtudrdarces wosatiegsadnorighaickriasbetcss ahedr on
526 in Fi 94, r&si?%y ﬂ‘Jit 8%&9 qng(i)e 6503%%&1 QLon'éér ggn %gfaelz%Oe,r’ §‘)|, Tﬁigl angul ar

faces 528 shari hlrty e ges ve ver |ces
defines the worst case for a tag tiling ()f 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 r0. Given a tag
diameter of K in the same units as r, the number of tags » required to cover the sphere is given by EQ
.

For a given n, r is limited by EQ 7.

If  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 7 is limited to ~310 mm.

A typical globe has a radivs 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.
813 Arbitrary Curved Surface Tag Tiling

A triangle mesh can approximate a surface of arbitrary topography and topology without
NPS037-SG



with 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 is subdivided into an equal
nunber of equal -sized equilateral subdivision triangles to yield the
desired total nunber of triangles. If each edge 530 of the icosahedron is
divided into v equal intervals, defining a set of v-1 points along each
edge, and each pair of correspondingggoints along any two adjacent edges
is joined by a line parallel to the other shared adjacent edge, the |ines
so drawn intersect at the vertices of the desired equal -sized and N
PS037- SG 65 equil ateral subdivision triangles, resulting in the creation of
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tag di aneter 272 ts , mis therefore 643 dot s ? 10. 2 nun)
accordlng‘FﬁmE@£ZMh?Hé°angle subt ended by each edge of an icosahedron at
the center of themed d’oﬁdrﬂ%ﬁﬁgralﬂaju&garnﬁ@hﬁaﬁlge itereGirBiE dRincEred ibseftiod scanafi@her e of

radius r toe asglll;n?nglth%ntgg &m%Iumev%r(%eDc agg enlts rn((;jl ess¥hag 5(9“' (le eC Lzﬁfd of gg’??t ca.nsbe Shown(t?n yen a tag

whenever a mesh triangle has at least one edge less than or 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 edpe 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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dianeter of Kin the sane units as r, the nunber of tags n required to
cover the sphere is given by EQ6. For a given n, r is |limted by EQ 7. If
nislimtedto 2 16, to allow the use of a 16-bit tag ID wi thout requiring
multiple regions to cover the sphere, and Kis taken to be 4.3 nun as
above, thenr is limted to -3 10 nm A typical globe has a radius of 160
mm |Its projected arc length of -177 mmfits 41 evenly spaced tags with
negligi ble additional spacing. Such aggl obe uses 16812 tags in total, 8.1.3
Arbitrary Curved Surface Tag Tiling Atriangle nmesh can approxi nate a
surface of arbitrary topography and topol ogy w thout NPS037-SG 66

i ntroducing discontinuities or singularities, with the |ocal scale of the
mesh bei nguagézoidad @oiploty th kegibood dik triaggh. vat ure of the surface and an error
bound. Assuni ng mﬁe&?ﬂh&&ggﬁﬁﬁ ego)tdmh?e@gag%sﬁﬁ%b pie3TPBLL G 1B, SUT T ace,

an effective non- reg tags can uced g as each
mesh tri anfylRges @gfss S14is ingertd ﬁlﬂrﬁjlﬁill’\?@? ?fé%héﬁﬁjl%z é!ﬁdheéhfﬁﬁ ‘P?Wﬁ‘ﬁ‘ﬁ?eé et ength. A
tiling is Jeﬁasﬂydegeedmfrﬁeﬂﬁggmg@mwdﬁda iy B&RELEsivElQ apbliedid kdch GEh@fouS@iBinng devi ce

if the fleld e Si evice. | uaranteed to include at

| cast one sl &% 3o ooy N 0 £ 400 bl KeBHE P EllnbR b5 e
surface. Tlnemmthwhgrepiemdhapeasslteaﬁgi@lb?nalﬂﬁ@i ng a tag at each vertex of the
nesh, so the m N 8098 h& M kasi-daier8R0E as the tag di ameter k. The
tiling procedure proceeds by inserting a tag at the mdpoint of any edge
whose | engtablekdaaflingvaigRleRum tag separation s. As illustrated in Figure
9, the maxi rrumtag spacing s is cal cuI at ed so that if two adjacent tags 4a

and 4b are a\‘.{al}ilalb])l. REe—S—+—S apal t5 then_—there—+s—+oomfor—anocther ag 4c
bet ween t e 4 -e.| EQ 8. However, if the"WalPdy angle between two edges of
length s # s ips Iemmimdrravertﬁﬁ)angjmen the inserted tags wi |l overlap. [To
prevent i scrtk“d ta §iaﬁneél-” ovetrtappihg—af-nrAtm-tag—separation—t—s

i ntroduced,__wher > ~JThe mininmimvertex angle a then becones
function df kmand [mininzsn drooler of aeTEQ Bld of Gewanisyrfacahen t = k, 0 is

constrai ngatgq be m&imhmgeméri}g_cémgqad @agﬁ?sr rarmed—to pbe equi raterat]. But
as illustriated in] 3 can be less than 60 w thout

i nserted tlags ¢ ovePI"aBH ?F@ter%‘ée"%@ﬁﬁ?ﬁ“tgag separation s must be basled on

the new minimumtag separation t, in accordance wth EQ 10. Wen
consi deri ng,a paﬂégé“ o mesh trlangle there are four distinct tag
S
i nsertion scenarl 0S. y assum ng that the m ninmumvertex angle is no | ess
than 30 (i821 haPén@Ofie@afion it can be shown that whenever a nesh triangle

has at |east onergdgG il ety RicEHbehsed & aRohBridoRNGHilly inftlifed GHREN NG T WO

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 roli of the pen as well as the overall tilt of the
pen resulting from the combination of pitch and roll.

Yaw is conventionally 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 yaw
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 longitudinal axis and the x axis is the natural

lateral axis when viewed by a user. In a right-handed 3D coordinate system, roll is conventionally
NPS037-8G



edges are less than 2s in length, In practice the mninumvertex 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 conplete the tagging of the triangle 550. In the third scenario (Figure
59) two edges 554, 556 of a triangle 8 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 558. Centers of the two
inserted tags 560, 562 together with the two vertices 564, 566 of the
short edgedehifid a0 posithe whihiagtictvakwitel wisie piteh £ndJavf o€ Dansentisraihedebned as bdsitied t her

di agonal ~of, *lgcn&v{sg@l%r%%hPma%%ﬁl%iﬁg%rggd]és%éugﬁ%&aLtﬂ%”kmgs final tag 570 is

inserted at the center o trapezoid to conplete the

t aggi ng of the tThensyk everafifilt{ds Elaigd tofits pitch il rapdthg ©fl Guirieacg@angy WithtHQd ee edges
572 of a tqjiangle 573 exceed s in length. A tagged vertex 574 is inserted
at the mdpoint of each edge 572 and the thr ee new vertices 574 are joined

by edges 576. Th’éhetpgggﬁlhgffem%é&ﬂﬁaéwm furass frales Peiipaerd 2t ARSI dR each of
the four resfidld afview, bid thaigfbre affnié he r&FBtionT Che atkge SBEr. Mot & it ihadacticdleo new

triangles {ﬁ%ra]%%}ea th ctlwgw{mexgg,ggx ?ﬁnrgqht also Q&%a%eedls&m Enib REpS ITE

shape as thé ori P nal I ng varla es are summari zed
in Table 4center10émeema$ed ar@ngm digtaner Dyt li’eam\ésto vl ssteenah ResHign ferie it ver t ex

angl e kt agﬂmmﬁgnmﬁmq{ewter of sensor field of view on surface
snmaxi mum ¢ ter tag spacing tm ninum center-to-center tag spacing

8.2 TAG SE{Q NG ’%392 "®B Orientation To allow a pen-like sensing device
to be used as a Thfidd dfakdwecanvbe h:bdeg:dlamsbasmmem:hd bya Eoﬂidlgﬂfan@]fe of(@Ning an

orientations su rte ib onstrailned. t.o beln
contact w ?"ﬁul%rhleﬁl 09 we aoggoj ddan i enfghttl on o E‘ Sur}ace ‘%hen%e Ogﬁcaﬁ%fsalsct erized
by the yavwe(tzalr@ltbatghcbhr)lmagslsmth if txpwaér ectagnlpr, amylthe iaaziest elétgtlcnlcﬁvlateﬁ ohthe of t he

pen, as il usteated ra&aflt&guaﬁm@e’kn Aia! BrrtBRly YAW Rf of BE sRBR: MUsleedqs

unconstrained, it Is reasonable to constrain the pitch and roll of the pen
as wel | as®ewEedpdien) | tilt of the pen resulting fromthe conbination of
pitch and rol|. The intersection of the field of view cone with the surface defines an elliptical window on

the surface. This window is circular when the optical axis is vertical.

Figure 62 illustrates the geometric relationship, for a given pitch-related tilt 6 of the pen’s
optical axis, between the pen’s nib (point A), the pen’s optical axis (CE), and the ficld of view
window (FH). The tilt is 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. | AB|)
is T, 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 4 (1.e. |GE| ), given by EQ 14,

The width of the window (i.e. | 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 actual imaged area is given by EQ 15. This then gives EQ 16.

Once D and « 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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Yaw i s conventionally applied after pitch, such that, for exanple, in the
case of a pen device it would define a tw st about the physical axis
rather than a direction in the surface plane. In a pen with a marking nib,
however, the image sensor is nounted off the axis of the pen and the pen's
i mage sensing ability (and hence its yaw sensing ability) is therefore
constrained unless the pen is held alnost vertically, as discussed bel ow.
Yaw i s therefore applied before pitchggallowing the full yaw 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, bemewenargézieyheasrcﬂe @£ e NaaceVidbdieatice SR Giherdaging Hitarke Yro@Old di nat e
sySt em Of theof?ltugngac 'incr sm Ctl %ll’e?étl (=] tolthse VIiehe Q‘Qt tglfa {0 Sr}gl tUdI nal aXi S
and the x axrs 1S the nata lga'?mal era when Vi off) "In a

ri ght - handwict3tpoint & Aetipngtive tilh pesk roiet Hrfwlnbgatl@ ttljoxrw@melpemamlﬁy vwml%@@tﬁesse 68
defined asgppsi HiEWRWRARR RNk QE VW B8he MIbing dRLLGI BRI YRV R tilt is
conventional ly defined as positive when clockw se. re all rotations are
defined as™Bd¥¥tive when anticl ockwi se. The pen's overall tilt (0) is
related to its p'[[‘hdﬂista('lék)o)'pc&ﬂﬂﬁbﬂﬂ&el%ﬁbvbou(tiﬁ\é)IHFﬂl)ﬁ@ﬁﬁrbdaQQe with EQ 11. The
pen's tilt affects,th Ie at. atures are i

G Tt oront  poi nt s SIe Fr R S oo S Al KR IR ER 1 ol PR

r esol ut i orgigh by K@ 13 mage sensor Sl nce it is inpractical to sense the area

di rect|y under theniRolRun HIRRON Sad e lndlaP Qridk EEGISchldf ] R gACE 1O

the nib to the center of the ina area di stance nust known to
all ow a pr‘é‘é’lréséech‘i"ﬁmﬁéléﬁ‘il%‘ﬂd‘tedo fd%‘?ff‘c?é‘élenbVFWt he position determ ned

from éhf tag b8 ﬁfh'e’ntlhé}gﬁﬁocﬁ%ﬂﬁildﬁguﬂ-@@ 9f=l(§|ﬂﬂ51@cfucéé|tc€EQ§[|ﬁn b}g: rngel ]gzd as a f
cone eril ne Yy SOl | a a e, V ar | e (0] iew o
St an aney Ty ity b AgO R B e e, B s Fo gl s s
vertical. vidw Bioceghe gikvbdansimgeths Bmgosensbisis trffpine &inuyt inepe the ngind Bold of gielviat t he

20 905t el bl R R B Rk Rig |G FES B Pt b ALk AT ANt o NG

that a sufficient e’ls fied
ear|ier. Tiheseiptnetly sih jeenget o the dpticaf ixds of © @dvﬁ@u@%weOM(wkprqw @mﬂﬂme

defines an, RlduisPl ihsmlm) thd AR Mnagl QBsoBlolfiGEy is SitkinSy ORI HP2oC1 Fcul ar when
the optical axis_js vertical. Figure 62 illustrates the geometric

rel ationshi p, foffeogFayar W%@Crﬂé@%{ﬂ&fdﬂ@m“w“]&fﬁ%%e PER reesonighes 1y axi s,
bet ween thﬁsﬁ]ﬁﬂec’Stexﬂi@théﬁ)@brﬂihatA)nEQhE pen's optical axis (CE), and the fi el d
of view w ndow etllt i, S fined ob clockw se 0|t|vefromthe
vertical . The qu@'ﬁ? %’?\rg A EREC HBF 1 9{%\&, agplt;g tode%ofnﬁag §?etan9 e ghdRegat i ve
tilt. V\henanmtipléemfwswm@quh(iet et:lz,a)tﬂh@reduqadtomdﬁalm(b% (i.e. 1 BD1) is

- given by EQ 12. When there is no object plane tilt (i.c. 0 = 0) this reduces further to EQ 25.

When the image plane tilt and the object plane tilt are equal (i.e. &’ = 8), and the image
space and object space angular fields of view are equal (i.e. o’ = o), EQ 22 reduces to EQ 26.

Matching the image plane tilt to the objéct plane tilt therefore yields a smaller required
image scnsor 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 9 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 EQ 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. lac] } 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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If, when the pen is not tilted, the distance fromthe nib to edge of the
window (i.e. | ABI ) 1is T, then the distance S fromthe nib to the center
of the window (i.e. I ACI) is given by EQ 13. Wen the pen is tilted by
0, the distance fromthe viewoint to the surface along the optical axis is
reduced tod (i.e. I GEI1 ), given by EQ 14. The width of the w ndow (i.e

| FH 1) is then given by EQ 15. D and a must be chosen so that an
adequately large area is imaged throughout the supported tilt range. The
required m nimum di anmeter mof the area is given by EQ 4, while the width
of the actual imaged area is given by EQ 15. This then gives EQ 16. Once D
and a are determ ned, an inmage sensor resolution nust be chosen so that the
i mged ar edininftundtteAiro it lhyd amRiluedpositived tilt twhiet hatd e sama(iﬂagbmbrfs@a&qu:maeﬁtr equency

i s sanpl ed%l%t flcnI tcﬂ\%gv.lfl (? tilt the%;[lr?acé) s mb)}egcﬁs?ant for ne§g§7 t11$ %anG 90r V!y?we ]cﬂggtgtﬁ the
scal e of the surface decreas I ncreasi n [ stance from t Vi ewpoi nt
and wit h isee saitwg, thmrmmqathpwm%qr gegniredettign thy enagimpmp hegrodnduceBBi iext act or s
have maxi nﬂwgtheesfa,ﬁ,@ﬁggnﬁ{depm nt F for positive tilt and point H for negative
tilt, i.e. at the point wi ndow furthest fromthe VI oi n Not e
that references tAE)R ri"?f“’[bﬂ‘? ‘ih%f“f‘ag%f o L 4 AT BpPPeEe &ﬁ“@ﬁeé“he tilt
IS negat i dae.bits] el thHsshagnceindfumpitingter F 3 fdbie Mhis R@es\a ngaoninidatufed frequendy /e |) 1S

gi ven by n e to the inclination of the surface relative to
the view nEagQOL?EZ?/ i&%?%%éﬁmg& IS iven by EQ 18. If the surface feature

frequency is f, ﬁﬁ@wulpﬂqéacaqﬁ@uﬁ tauE Pvacie equdlateraliidangylas lingeE 35 0¢lat dimerer (i | e.

W th respeggs i ﬂohﬁcrfab BLifledalsudcbseivd 1kdbl 6f fag @@ﬁ:&. £ GRS fidld ofNidkERiny EQ 19.
When there .l s notg [%?netlakt é}s'e'tfﬁo this reduces to EQ 20. The
i mage sensHFPEEon %A’%aéff’ Pt fGhor PGP PR 198 ii‘H‘age at least the entire

angul ar field of Mostipesple hﬁnmq:aldthiﬁutpﬂmncldaaaﬂm folf. Toé inkingball pEQERIIPeinSDF | S

uni f orm Ilose.guf?ectlv co agtt ethg rs]m'}'aceeba on?ilagou? %Vﬁf (a % 40@%&‘:‘1 W@oﬁz%:%qg%ncy

Gven an angular VIew In rnage sp A I'mage sensor tilt
(i.e. i rrarg:eorpbiamet pitch yangy i theregpeldt t0t60thei opbsogdle r@lknalgeoﬁﬂ"ab #3End a

sarrpl i ng rt?éErﬁqg‘BImIHdér%?fﬁmﬂof@ngonﬁﬁl@@ﬁ&'ﬁQ:QroutaQEl%ﬁ%?!Eétus theorem, the

m ni mum i mage sensor resolution q,is given [g and EQ 22. The
cos- squar ed ternirflenh%}}%“m?ﬁ%r(h?&mlwaﬁ@‘mc? dpage senpy SMPERBILEFEY R as oni ng
as the coSorsgHtbad, el i &Edﬁbédﬂni;bh@erd?ﬂﬂcﬁiaﬂﬁﬂ“%bﬂsﬁa BQuSeny W Blagay il #4d M5 NO

I mage pl an8 1%" l ! ngm 5&( Plxei IT CCQI) InTagengensor P{/Mm%ne ?zﬁ eSIys %ﬂd’ I%Elﬁﬁganﬁﬁogge

angul ar fief'ds ot P S 6 utes nd EQ
24. \When tdndilestring Proicgbyded’, Ipllu&wel Tajaty 2000) és.sui@ble fe@ psetihd mpetideyiessuflurt her to
EQ 25. as a pen. It has an available resolution of 215x215 pixels. Assuming equal image and object space
angular fields of view, no image plane tilt, and a nib-to-window distance T 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° (o = 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 overall 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 the inmage plane tilt and the object plane tilt are equal
and t he i mage
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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 corresponding 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 illustraied in
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geonetry using EQ 16 and EQ 24 to achieve the desired pitch and roll ranges
stated above yields a pitch range of -16 to +48 (64) and a roll range of
-28 to +28 (56) with a viewing distance D of 30 nmand 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 opti cal
axis at -5 relative to the physical axis. Note that the tilt range can be
expanded slightly by optimzing a nonvgero tilt of the inmage plane. The
overall pen tilt is thus confined to an elliptical cone whose mgjor angle
Is 64 in the pitch plane and whose mnor angle is 56 in the roll plane.
The i nage sensing variables are summari zed in Table 5. NPS037-SG 71 Tabl e
5. I mage slEmsdidadg vari abl es variableneaning bj ect space field of view

hal 1-angl e | mROeSpaGeelipldal. Yanhabl; apgle VERD. yaw AChLRg! 4l ane tilt

(i.e. overall pen ti ne ti I1tc gul ar
frequency oRciiseyithy thf z WéWdDhb FhﬁmflleWW@vw Afgthel PBS“&H% @erdwpqetthﬁjphyﬁlwmg

di st ance fém&ﬁam&eamﬂ@dth&emmm&yo%&mmglsp@efhatagmésrmg@x§ R fresol ution
SDi st ance fron1ﬁ|b to center of fi f view on surface (when 0 = 0)

TDi st ance P8 Hf Bieto B RgsHoT ra m@ﬁhe\?‘?gé‘\ﬁ"ii‘ﬁagsgﬁ?? REFST Wi 0 = 0) 8.3 TAG
DECODI NG 8. 3. 1 Tagsdr smrgreis Blugeed s FigraiddTHoddeldingef pfﬁatgmfrmw4p$ @ogsadi Ng 1S

descri bed Ggfihd e lhé‘m%%&% kﬁ%&—m&mﬂm ib bt EC?{J: %h@@%o%ﬁ lallg §H<Pt‘ﬂ4: :‘ES'Q A)frhe the 2D
per spective trans ormon the tag, as well as t CTECO d tag
intersection point G between the optical axis and the surface is referred to as the sensed pomt n

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

Since the physical axis only differs from the optical axis by a y translation and x rotation
(i.e. pitch), the physical axis lies in the y-z plane. With reference to Figure 64, where tacl = s
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 peint is by definition a surface normal of
length R. Tt 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 i 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, 1.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 vield the
NPS037-SG



8.3.2 Inferring the Pen Transform Once the 2D perspective transformis
obt ai ned whi ch accounts for the perspective distortion of the tag in the
captured i nage, as described earlier, the corresponding discrete 3D tag
transformwith respect to the pen's optical axis can be inferred, as
descri bed below in Section 8. 4. Once the discrete 3D tag transformis
known, the corresponding 3D pen transformcan be inferred, i.e. the
transformof the pen's physical axis wsth respect to the surface. The pen's
physical axis is the axis which is enbodied in the pen's shape and which
is experienced by the pen's user. It passes through the nib. The

rel ati onshi p between the physical axis and the optical axis is illustrated
i N NPS037riB&iefied kbsglutedocBibn inl the thggedoegivnene BQB34t 0 defi ne three coordi nate
spaces. | SENSOhySRa, WG ik Gahs ﬁaﬁﬁmgmﬁ&h@ﬁgs%tﬁ olafl6h Fneihs and the
the viewpoint is at the or| en space Sical axi s 'col nci des
with the zdigefesrogfings ﬁﬁémﬂlm ? @Vﬁ%ﬂs pg@e e s glisprete |r?1at109ﬁgwglpsbe@ert heitchalgo 4 | i es
in the x- ymm@@%evw@daoﬂtaespmmg}mg bf B4 ophitheax@ diflirdpecthth Bie b@S okit, A0SR
transfornsﬁé ﬁ 4 fr nltag space to sensor space. Sensor space is
illustrat P EEE%&F%EQ The labelling of points in Figure 64 is

consi stent8.4w t hlwhmlﬂmerrhtkmgmsmﬁﬁi gure 62. The viewpoint is at E, the
sensed point is | on _noi.nt. G

bet ween t he Optl?g d¥%§ﬂgﬁg§ %E‘?&?F%%%f?§m$§ g?@ggs%%&%dmp enggnéed

poi nt. 1 n Bheesitienae ofifnaion ¢fdheguenmatnsy with raepetite the thei Perthg parpedize Wisel? e t he

nibis con&ltsketagste 3§und maget spaéaeineelghh&g@e Bt freb@onCRASEHR! Rlsft i@ infdied |
sphere. ba%e nlp | Eéﬁg Ellt O% t he physical axis affects
the of fset™ é?ﬁﬁéﬂg aige 8WﬁPmHﬁtﬁaﬂ? BESEEce 78T MaehPEKRI t he ni b
and t he supairacCkhe deqetectemfem eps vthicK givle rist he tspimegs efathe mighyre adyoaténaedi ch t he
Physi cal aghotlifOhs s skt HEMRLGEh EnaS cdliBull ¥tkind ) raauatmmsn%&as kes

nom nal contact wt e sur ace at poin he optical a

vertical . RAsintheropsaisaedignsiam gud-ty Re@Pect“fs Wﬁw@naéplve*althewﬂ@mwwelﬁ ‘El?le pen is
tilted, hosRKer yandahit @pt, whchalcludp Ge esited t@ HESHNBWA th il | PUKEL rdddion, Ghyen t he
radi us R ofet m“ﬂﬁgﬁréglmmé?tance of the pivot point Kfrom the surface,
e.g. at A or PR P The discrete tag transformincludes the

transl at i oh4.df thdﬂHgtbeﬁamTﬁmﬂbnnthe sensed point, the 3D tag rotation
and the translat irgny b er 38NSEY M o s%gcg%tlmsge VhEYRAL BL mofidieR § he
translation d of the sensed point fromthe viewpoint in the discrete tag
transforn]“%%HmﬁﬁﬁﬁWH@ﬂwaé“EE?Tﬁmmfhe sensed point is given by EQ 27.

Si nce the physi cal waxhs (b9 akyo-dévwpbiar &fsdy om t he optical axis by a'y
translation and x ro @%aOQm (i.e. pitch), the physical axis lies in the y-z
pl ane. Wth reference to ki gure 64, where | ACI S and | ECI| = D (just

as in Figure 62)%wm@(mgﬁnmé&r that in sensor space the position of the
pivot point is GMRkLAN% & 28.

. z translate (by tag-to-viewpoint offset)
. perspective project (with specified focal length)
. x-y scale (to viewport size)

These are concatenated symbolicaily 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

Variable | Abbrev. Meaning Unit Range
transform
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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 surface 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 appl yisng the inverse of the tag transform
3D rotation, and is then added to the vector fromthe tag center to the
sensed point, to yield the vector fromthe tag center to the contact point
in tag space, i.e. on the surface, in accordance with EQ 33. This is
finally addedyto {he tag|s absol uyav | ocation, asoi nplfi edoby<l2is tlag 1D, to

yi el d the Nl r)C‘r'Y)7 CC 7929 i h' o A~ r A Ahe Al \.:ul.; oh—ih I. IIL, t nged

region: sge E 34 The fi nal stepD E to infe he pen'’ S0 &F Féntati on from
ooat i cns_nar@psh/rrpl y the
h

"

19

;

the tag's [3D grientat-i on| The penrcsi di screte

i nverses af—the t‘g's;‘di $e+et M-th—the—pagr—s—piteh—also
df the
3

i ncl udi ng t heef f bct “bf {he "?({V'%WPP% 1??)gre optli cal _axi s wijth respect
to the penys a,xi s| a®$ defi ntad-tq-weWFE(DtSEffseEQ 6 atdd EQ 37. 8.4 | NFERRING THE
TAG TRANSHRORM The|TTege—of—t1Te pturgd—by;the e ISort cont ai ns
perspecti vke-m(eill ofti % due to c‘% ?gogoég?tl on land or| entat_lggnég? t he i mage
sensor witfh rsmspe,t b the tag. SIM@W he perispecfive tar—gétl%ﬂof the tag
are found i”cé)éjugj STECE]  anm el gt sa%EE €T of Ffregdomperspectvet ransform
is inferred sed on solving the well-underlst ood eqgdati ons rel atlng t he

f our tag-spa@'@tbanj [ rﬁage- space sppgicheitchpai rs.| TheOdi sqr et-d ¢<Famhsf or m st eps
whi ch giv p—t e Ty of St tfu are [conmcatemgted; “gygrpotijcal |y, and
a set of |rru tan=ous nom-linear equations ils obtainad bv equating
correspondi nginvt ef ns Hn {he consibg efielt ed transf o®@m ard t-Hehpedspéctive
t ransf or m—Solving thesele = the—discrgte—trggsform st eps,
whi ch i ncl udeltzt he deslllere ?faégltdow ePhlt lr)f(f)%tt e nib, 3D tag rggt atign, and
vi ewpoi nt |of fi¥et {rom t hg suiniereefocd length Model i ng t he TagJ$r0ansfcrm The
transf or mof—ghe ag 4 fy1om o wioR SEad O rTHye space jcan 15\&'; nodetled as a
concat enatlion of the followng transformsteps: x-yltransiate (by

t ag-to-vi ewpoi nt of fset) z rotate (by tag yaw) x rotate (by tag pitch)

y rotate ( by tag Tfaﬂéléte) in x-y plane by ¢, and ¢, according to EQ 42 (where 4=¢, and B=t,).
Rotate about z by vy according to EQ 43 (where C=cos(y) and D=sin(y)), giving EQ 44,
Rotate about x by ¢ according to EQ 45 (where E=cos(¢) and F=sin{¢}), giving EQ 46.

122

Rotate about y by v according to EQ 47 (where G=cos(y) and A=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 /=t.), 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,
84.2 2D Perspective Transform

Given an inferred eight-degree-of-freedom 2D perspective transform matrix as defined in
EQ 60, multiply by an unknown  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 translate (by tag-to-viewpoint offset) perspective project (with
specified focal |ength) X-y scale (to viewport size) These are

concat enated synbolically to produce a single transformmmatrix which
effects the tag transform Table 7 summarizes the discrete transform

vari ables used in the follow ng sections, together with the range of each
variable. Table 7. Discrete transformvariables and their ranges Vari abl e
Abbrev. Meaning Unit Range transform NBS037-SG 74 Y-yaw005y!5 27c
-pitchO-x/2 < + < x/2 yr-roll10-x/4 < yr < x/4 tXAtag-to-viewoint Xx

of fsetO0- tyStag-to-viewoint y offset0- cosyCcosine of yawl-1 C<-1

si nyDsine of yaw0-1 < D< | cosOEcosi ne of pitchlO< E <- 1 sinoFsine of
pitch0-1 <&42 colferGiogtheiagdransfidriml0 < G<- | sin iHsine of roll0--1 < K 1

fzltag-to-yhUPOERatthaUdefiftlents<0 1/a.Jinverse focal Iength-J> 0 S-viewport
scale-S> 0 "hr'r'anng 2o X en#ane by tx and t,, according to EQ 42 (where

te I'n x-y p
A=t. and B=ty). ﬁ@tﬁﬁﬂgéhe&@é%‘tienis iphQyY it e ehicigiontpin EQ 68 3espliptinEQ 6€ddd (y) and
[E):si nE gg ), 7ggi,égigmgleﬁ%mlgmequa%ﬁ5%1 ﬁ-ﬁ%}%s)é by 0 agcor di ng to EQ 45d_( wher e -
-cos(+) an =s ... glvin _ ate about y by r accaording to
47 (where G=cos( wa}e %f%‘lﬂ’o%:aé? W?@?“%* as r@fl‘{ﬁe‘ﬁ&’ ‘E@“ﬂ f’melv\%‘g?"}é‘tylﬁelﬁﬂé e sigg o
defi ned byanEEsk® ofzunengle@.& Oie sine and cosine of any one of yaw, pitch and roll), as shown in EQ 73.

Given the sine and cosine of an angle, the corresponding angle is obtained using a two-

argrrnent 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 886,
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=¢, and B=,.
8.4.3.3 Solving for Pitch

From EQ 68, EQ 92 can be obtained.

From EQ 67, EQ 93 can be obtained.

From EQ 64, EQ 92 and EQ 93, EQ 94 can be obtained.

From EQ 65, EQ 92 and EQ 93, EQ 95 can be obtained.

From EQ 70, EQ 92 and EQ 93, EQ 96 can be obtained.

From EQ 71, EQ 92 and EQ 93, EQ 97 can be obtained.

From EQ 94, EQ 98 can be obtained.

From EQ} 95, EQ 99 can be obtained.

From EQ 96, EQ 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 cbtained,

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 ¢ and H are both non-zero. Since |y| < #/2, the cosine (G)
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Translate in z by t, according to EQ 51 (where I=t_), giving EQ 52.
Perspective project with focal length 2 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. 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-degree-of-freedom 2D
perspective transformmatrix as defineg in EQ 60, nultiply by an unknown i
to obtain the general nine-degree-of-freedomformof the matrix, as shown
in EQ 61. Transforma 2D point according to EQ 62, giving EQ 63. NPS037-SG
75 8.4.3 Inferring the Tag Transform 8.4.3.1 Equating Coefficients

Equati ng tdfeheealkif flivayis mttﬁee.-inﬁh&@ f8-zevb tThe titeef e edlif(Hris e ®onizero EQe®dl is esul t s
in EQ 64 tl%nggo é&iﬁc%gl E%fg'rlzerg EC%QHJ]JEE sm%g&jﬁtslecct}l 1?6‘]?1011 unknowns. These
equations are au rrente s reql b gononetric identity relating
the sine and coghlﬁélersﬁor%nfeaﬁgmwn(mdeefthwh@(ﬁﬂneﬂ(&nﬂﬂce&qmﬁ@ ofl bepaythone of
yaw, pi tchm@lgéi(Eg(qltﬁe)pltchq,%@jy@vggcdr&g&@@:igs G ven the sine and cosine of an
angl e, the correspondin gle is obtained using a two- argunment are an as
Shown’ i 1 EQ 74, See 1§ <3l rinefE] oo TR YRR, BEAHAGRROIET | ed

usi ng EQ 6dkidtle Efhird 2oot. Th@ bipeothihe sife (ancﬂmbéaanmﬁQbJ&temﬁéa 8% teA MRS as

Si rrplified s 67 d EQ 68 to give EQ 77 and then EQ 78. EQ 72 can
be sinplifi% 'b%g?g%%é'@g)‘and EQ 71 to give EQ 79 and then EQ 80. EQ 76

can be re-wittefivask BQBhe righd te@obi8ned acoplngteEQA% t en as EQ 82. Equating
EQ 81 and £41§2 gggl,,%%,vkglg for B yields EQ 83 through EQ 85 and finally EQ
86, which defines Substituting the value for B into EQ 82 and
simplifying vyiel H’é’m@@@? R gGyrreperioty and finally EQ 91, which defines A
Thi s therefore grweEdBeEG1Y1 Hi hsekqQ of2 i dbRGedd fromt he vi ewpoi nt, since
A=tx and B=t,,. . 4.3.3 Solyin .tch Erom e
obt ai ned. From E%s g‘?r,cfoﬁ(ﬁwﬁ%%5‘%@%&8&’%@ 9 the Tol; a2 i), i 580 B

cosine (G) of the roll by EQ 73, according to EQ 113,

Since |y| < 7/4, the cosine (&) of the roll is always positive, so there is no ambiguity when
taking the square root. The sign of the sine (H), however, must be determined by other means, as
described in Section 6.7.3.9.

Given G and H, the roll is then obtained according to EQ 114,
8.4.3.5 Solving for Yaw

From EQ 73, EQ 92 and EQ 93, EQ 115 and then EQ 116 can be obtained.

From EQ 92 and EQ 116, EQ 117 and then EQ 118 can be 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 [ (t.) is negative, J (1/A) is positive, and LJ < -1 (because |t.| > A), then EQ 122
holds.

Given C and D, the yaw is then obtained according to EQ 123,

8.43.6 Solving for Viewport 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.
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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. FromEQ 70, EQ 92 and EQ 93, EQ 96 can be
obtained. FromEQ 71, EQ 92 and EQ 93, EQ 97 can be obtained. From EQ 94,
EQ 98 can be obtained. From EQ 95, EQ 99 can be obtained. From EQ 96, EQ
100 can be obtained. From EQ 97, EQ 101 can be obtai ned. 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 Gand H are both
non-zero. Since jyj < K2, the cosine (G NPS037-SG 76 of the roll is

al ways positive and hence non-zero. The sine of the roll (H) is only
non-zer o i§.4.8Me S8dlvingifer Fasar-engtho. Specific handling for zero pitch and

rol| is descri beﬁmhlﬁlys A E}ofltﬂe EWJ &%Qﬁ%%‘itﬂ&%@(}%@%&ﬂ%{&?m tude

of the sine of t since gﬂ COSlI ne of the
pitch by B3 det%@@ﬂl@l iﬂﬁ‘gjsetf@ffﬂE@g%B so &jng asepither the pitgh/oproll fsppgn- eosHpeeveE) of t he
pitch i s ahdays oP@s kihds\( andS) dFNRIHRCH Sd RN B4YHoO8Y nYwiMIBReved K isillof e Square
root. The sign ﬁj’) ghe Si n“gﬂ](l_:%‘i Q'o ver, n;;(ii be Eete ned by ot her neans,
as descriBEGHEDSERE pigs oghepitg ayd roflig ghysh by °3Ff'ss & i s then

obt ai ned, accor diflegighoanfk@ahigkd arbBradly 3 £ sﬁ@lthdsi@ofnskﬂawhhpxﬁamﬁgﬁgmh03 EQ
110 can b Q%Q%E%QFJE@@QJ'& é)lége 11 and then EQ 112 can be obtai ned.

Thi s therefeore gl ves  the gnitu the sine of the roll, since H=sin(V),
and hence the cHéiineen(-gp. W@@QHL?QWCEQ’%‘M%CW ding to EQ 113. Since
JyrJ < ml4 the GQRdcBR, héInoé bdhen st [EQ ﬁv&kmszspp&kadlomm§& Jﬁﬁrke i's no

anbi gui ty n takl n squa ot..The n.of the s however,
must b bR PR e S Gee R 1 uip i 8 P ASER PRb TS S 5 G ven
G and H, tmehandlrdllaresboﬂahen obt ai ned according to EQ 114. 8.4.3.5 Sol ving

for Yaw Frppm EQ gc?’lvmg@arggoﬂ&i‘ EQ 93, EQ 115 and then EQ 116 can be

obtai ned. FromE 116, EQ 117 and then EQ 118 can be obt ai ned.
nce the inverse focal length () 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 (/) 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
—n/4 <y < w/4, a roll adjustment of +n/4 can be iniroduced 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 (/) are all computed as described. A 3D transform matrix is created from the 2D
perspective transform matrix, The inverses of the viewport scale, focal length projection and z
translation are applied to the 3D matrix in reverse order. The roll adjustment is then applied by pre-
multiplying the matrix by a ©/4 y rotation matrix. The roll, pitch and yaw are computed as described.
Since the roll is positive, the pitch direction is now known. The w4 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 roli 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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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 (1/X) is positive, and IJ < -1 (because ItJ > X), then
EQ 122 holds. Gven C and D, the yaw is then obtained according to EQ 123.
8.4.3.6 Solving for Viewport Scale The cosine (C) and sine (D) of the yaw
are by definition never sinmultaneouslysgzero. Since the cosine (E) of the
pitch is never zero, either EQ 67 or EQ 68 can therefore always be used to
determ ne the viewport scale (S). If Dis non-zero, then fromEQ 67, EQ 124
can be obtained. O herwise, if Cis non-zero, then fromEQ 68, EQ 125 can
be obt ai nedhenNRPSOBEvBBusHTzeR. (dr. 13 72 (So¥uR). agl fonrerd: owkthe ditehnayt kollSrevidiasly y, si nce
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O fset Oncg,t f i.s _kpo e of f.set is

obt ai ned f;rﬁo tﬂgg&@tbﬁg §p§~g échlf:sa !)pe o? %vgnuog\ fpccordlh%hh}} it bef lfnéieer%too Qﬁ'la)c

unknown i fthe fentipry 8ok infepred [to Pfehlglﬁeld t¢ Jie Spefflﬁgrrklh@mntﬂdeeandfm theeresqut t ch and

roll are b@EJ’ﬁcEﬁiﬁQﬂclﬁlﬂé dgeuglex@héﬁﬁ&a@d fBg clhslrSiEt A0 B éﬁf)mfﬁa%ec*ﬁheas%e Bekl The

sign of the rodu nes of the pitch and roll is given by EQ
126. Si nce™ t7"(5‘/lS ”I teé’yﬁ'?"i‘“a"ge‘lr”lﬂﬂs adj ustment of +7r,/4 can be introduced

to ensure the roll is always positive, wthout invali dat i ng any ot her
assunptions. Once the roll adjustnent is introduced, EQ 126 gives the
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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 3D transformmatrix is created from
the 2D perspective transformmatrix. The inverses of the viewport scale,
focal length projection and z translation are applied to the 3D matrix in
reverse order. The roll adjustnent is then applied by pre- multiplying the

matrix by a 7r,14 y rotation matrix. TFhe roll, pitch and yaw are conputed
as described. Since the roll is positive, the pitch direction is now
known. The ni 14 roll adjustnment is finally subtracted fromthe roll to
give the actual roll. Wen the roll and pitch are both zero, the focal

|l ength and z of fset are both unknown as described above. However, in this

case there is no need to adjust the GiddMSsi nce the pitch and roll are

al ready known. 8.4.3.10 Handling Zero Pitch and Roll Wen either the pitch

or roll is zero, the general solution based on EQ 107 becones invalid. The

tabl e of H.gure 85cnstep#wict e sdheratiggermetiot datd GcnposifonddQr Grbvddhrelgtighe £Q 71

whi ch res Lga}face I\Esgélfat§§dzg bﬁﬁbe dlgagﬁ éﬁ%’ ol'x anH &fQﬁéséeXs g%@@ce(rgﬁn\r@}o’ the;r rJ2 (or
an

37c/ 2), and non-zero, are vari zero and

non- zer o. 5*@@¢N&HW@“%$WF¥@ﬂﬁb@m@ﬁﬁﬁﬁbmgwt§@F§kééﬁﬂﬁﬁéﬂﬁéﬁnFW@ﬁ“ﬁ@gic for
det ect i ng 13kt sedIRp BvicE) 9f GOSREatN MeReds AL dddick Mbudipdl/ or rol |l are zero, wth
each case notivated by zeros appearing in the table of Figure 85. The
cases in the tablteudds; Fi gure 85 are |abelled with the case nunbers fromthe
tabl e of Figures 86 and 87, CONCLUSI ON The present invention has been
descri bed w t h rafodengaticrescpsor ampsager red enbodi ment and nunber of specific
alternative enbodi nents. However, it will be appreciated by those skilled
in the relevant fiePds pEee senpnpdseipd o paBrHrecesfibiensirent o thegpdefl d#d ng from
those specifically OaggkcRading Wvict is phlkc&iOn fbieravibel fobitlont g8 B thé turidiefl scope
of the present inventlon Accordingly, it will be understood that the
invention is not int®hded to be linited to the specific enbodi ments
described in the pregent, n&g@&Q&ggg ton, including docunents incorporated
by cross-reference as ap roprlat he scope of the invention is only
limited by the attached chai nBigespSOR%r SFe 6OmChdbMaralionfbus 8NSkD6r devi ce for
generating orientation data mhen positioned or noved relative to a

surface, the orientation G&tS!¥8#g i ndicative of an orientation of the

sensing device relative tP) t hedetermmeanonentatmn within the captured images, of at least

some of the coded data;
(i) decode at least some of the coded data; and
(iv) generate the orientation data using at least some of the decoded

coded data; and

a communicator configured to communicate the orientation data to a computer systerm.

2. A sensing device according to claim I, wherein the orientation data is indicative of at least

one of a yaw, a pitch and a roll of the housing relative to the surface.

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.
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surface, the surface having coded data di sposed upon it, the coded data

bei ng indicative, when sensed by the sensing device, of the orientation,

t he sensing device including: a housing; an orientation sensor conpri sing:
(a) an image sensor adapted to capture inages of at |east sone of the coded
data when the sensing device is placed in an operative position relative
to the surface; and (b) a processor adapted to: (i) identify at |east sone
of the coded data fromone or nore of gyhe captured images; (ii) determ ne
an orientation, within the captured i mages, of at |east sone of the coded
data; (iii) decode at |east sone of the coded data; and (iv) generate the
orientation data using at |east sone of the decoded coded data; and a
conmuni cater conﬁhgﬂmgdwk@mﬁﬁmﬁymkmai£ﬁhhedmﬁhﬁg&@bhmmmﬁa&ﬁmhﬁmamﬁ@nputer
ng;e{“s i2n alseélaete%eél’h%fsgn% e%lcé‘%%s)ﬁt%he'&%f &9%8 m%‘ tcj)'aregmﬁgﬁ]!le &u&a@g (%Ji(,) uls'g?t f‘th:aon
housi ng r e¥tdeaptyseme of thiygodsd rdﬁtacreglon?,ldenAtYSfbHsmdmtlweﬂ\f iap ddepléty of e megiopothe | ai m 1,
further i nghmththifigbr BeifbhiHred GRStk thg%gféﬁ bR to thd BRARlerRRMOT nOVenent
data and position data when the sensing device is noved relative to the
surface, the comruni cator being configured to communi cate the novenent data
to the conputer system NPSO37-SG 80 4. A sensing device according to
claim 3, fartherAbmghaidvingeeroatiganclhiddnthetein teomgion ssgoni t@liged to gocrgense,

when the sgnglBg SRY hGRmbA dapaahmeg&mgn%ﬂmgﬁ%ag @An?etom@cotd& @l €91 on of the
surface, and using at |east some of the coded é region identity data
indicative of an identity of the region, the connunlcator bei ng confi gured
to communicate the region identity data to the conmputer system 5. A

sensi ng desai ce agearsidg deyick chbi‘dﬁigl’t’b @auﬂl\&]&ﬁh@ﬂeiﬂ theh@deiDdataOR aB€ RBd4tive SF a
configured, east Ihe movement data and . the position
dat a usi ngp ‘E@ t’Igeas mnc ﬁemqs ?fﬂ}e & Co 9‘8“ ?ensor%emgﬂ% nsi néen evfté%as’té)él%or di ng
to cl ai m 5of thgireaverent ctaﬁ@n%@;@lﬁﬁmaa@& qnéheéhwf Atrlebtont ¢h\des mpfvergent go pesitipi t y  of
reference FoeRnSin®@devicd R1HiG0b Meastlohor iR tdPSRRAROT bei ng configured to
generate at | east one of the novenent data and the position data on the
basis of at | east one of the novenent and position of the sensing device

relative to at | east one of the reference points.
7. A sensing device according to claim 5, wherein the coded data includes periodic elements,

the motion sensor being configured to generate at least one of the movement data and the position
data on the basis of at least one of the movement and position of the sensing device relative to at least

one of the periodic elements.

8. A gensing device according to claims 6 or 7, wherein the motion sensor is configured to
sample the position of the sensing device relative to the at least one reference point or periodic

element, thereby to generate at least one of the movement data and the position data.

9, A sensing device according to claim 8, further including a distance estimator configured to

estimate a distance of the sensing device from the at least one reference point or periodic element.

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 o use the
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7. A sensing device 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 position data on the basis of at |east
one of the novenent and position of the sensing device relative to at |east
one of the periodic elenents. 8 A sensing device according to clains 6 or
7, wherein the notion sensor is configured to sanple the position of the
sensing device relative to the at | easds one reference point or periodic

el enent, thereby to generate at | east one of the novenent data and the
position data. 9. A sensing device according to claim8, further including
a distance estimator configured to estimate a di stance of the sensing

devi ce fr ofiftueestimpatiddpshe dghiacercgtimatoemoeolpod more eqcuple pestidi of fe sevmptlevicd 0. A
sensi ng dewh{igtidks 8Y AL Dadt OncGLErbdl Soin WRESiTLidRR sfp@MMUNI cator is configured
to conmunicate di stance data to the conputer system the distance data
being indicative of the distance. 11. A sensing device according to claim
9, wherein the notion sensor is configured to use the NPSO37-SG 81 di stance
estimated By theAdésihahore estilingtoaiait 6, fu@sohuelig anfeCcatgridad gn@asikt i on of
the sensi ngudleil. os bl BUE R AYBDE AladfaRli one reference point or
periodi c el enent al one. 15 K sensi ng devi ce acco al ng to claim4, further
including a tiner configured to generate a tine reference as the sensing
device is noved relative to the surface region. 13. A sensing device
according to cl ahrﬁbr?sﬁg dh&r Rtddiid® QM) ivBedi© the| SmB@Mfalod W @ffduR4 t?

communi cate tinme reference data to the conmputer sytem. the tipe. reference
ot bei ngemiiE Sy B Bt mpllF SFERDE G RS vt o ondiars She

gener at ed bytimdrefeteparef the Mayemeht dataps Eeneratddiitegin@ccor di ng to clai m 1, wherein
the communicator is a wireless comunicator. 15. A sensing device
according to claiml1, further including a force sensor configured to sense
a force ap 4I ied to the surface by the sensing device. 16. A sensing device
accor di ng fo cl al niPEe SRET SFR Y Re' cOtfuhi WTHY he scomBitrarib g tieless

communi cat @mfosicerdata to the conputer system the force data being

i ndicative of the force. 17. A sensing device according to claim15,
further including a stroke detector configured to detect, by way of the
force, when the sensing device is applied to the surface and renoved from
the surfabe, theF@HIE €ycq ertingtyclpipd, fthesinrladinet forge sspserienfigurpg to srsg ensi ng
devi ce accobé fglidddo B Qifte by thekadigidaviéehe orientati on sensor is configured
toinfer the orientation from perspective distortion of at |east sone of
the coded data. 19. A sensing device according to claim1, wherein the
processor 1iﬁs housed wi thin the housing. NPS037-SG

A sensing device according to claim 15, wherein the communicator is configured to

cormmunicate force data to the computer system, the force data being indicative of the force.

17. A sensing device according to claim 15, 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

surface, thereby to identify the duration of a stroke.

18. A sensing device according to claim 1, wherein the orientation sensor is configured to infer

the orientation from perspective distortion of at least some of the coded data.

19. A sensing device according to claim 1, wherein the processor is housed within the housing,
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82 20. The sensing device according to claim1l, wherein the processor is
adapted to operate at processing speeds ranging from1 instruction per
second to 1x1012 instructions per second. 21. The sensing device according
to claim20 wherein the processor is adapted to operate at processing
speeds ranging from 10 instructions per second to 1x106 instructions per
second. 22. The sensing device according to claim1l1, wherein the inmage
sensor is housed within the housing. gg3. The sensing device according to
claim1l1, wherein the image sensor is adapted to capture inages at rates
ranging from1l i mage per second to 1,000 i mages per second. 24. The sensing
devi ce according to claim 23 wherein the inmage sensor is adapted to capture
i mages at ¥ates FaEmrgising dbviorrchflingrmgas peherde dondedsor B00aptadagesrapet second.

25. The segsi-fthe 4eVisGHoi ' 1! x L Logded data
conpri ses %gg-b%ggoééﬁg%%%ggpgg%g&gﬁ%g%ggwéblwhﬁgﬁ&&ggﬁﬁsggg

21. The sensing device according to claim 20 wherein the processor is adapted to operate at

processing speeds ranging from 10 instructions per second to 1x10° instructions per second.

22, The sensing device according to claim 1, wherein the image sensor is housed within the
housing.
23, The sensing device according to claim 1, wherein the image sensor is adapted to capture

images at rates ranging from 1 image per second to 1,000 images per second.

24, The sensing device according to claim 23 wherein the image sensor is adapted to capture

images at rates ranging from 10 images per second to 200 images per second,

25. The sensing device according to claim 1, wherein the coded data comprises non-barcode
coded data.
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