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The present invention relates generally to nethods, systens aaﬁ “ﬁ‘ﬁpa{@tsus
for intera@somgaywi th conputers. The invention relates particularly a
sensing device for sensing its own 5 orierfation relative to a surface
when noved or positioned relative to thelsurface. 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 interacti RIENTATRONSENQNGEVOEENd Vi a hi gh- speed
net wor ked color printers. Although the invention wll |argely be described

herei n W tihe[ 8fcs 'l‘lQNt his use, it will be appreciated that the 10
invention is not _limted to use in this field. CO PEND NG APPLI CATI ONS

Vari ous met hods, T&E:é%m&fﬁa%ﬁsbéﬁs geareallyde methads. s¥wloms and prpaweis forintarsetingn
are di scl aggd codiputdri€THheo liveion Orefis iy 2P | e 0 BS/ QT ﬁaﬁlts%ﬁku%gﬁtm%
filed t he applicant or assignee of the_ _present invention on venber
25, 2000: osntggmzskptigds a sty whergnaved oppesitipped relpfive Paherafago6, 09/ 722, 148,
09/ 722,146, 09/721,861, 6,741, 871, 09/722,171, 09/721,858, 09/722, 142,
09/ 722,087, 09/ TAnyeation lyy bpapdeygigpedginmpily, to 4flow adargonmgier of7distribgsd@ersg93,
09/722, 08§, intQ%tK%Qh RbRorkl RRGmIBS: vil tpgigﬂ:ﬁ Sfrer a%hﬁptﬂélss%£5%§su?h%?ebgft% to&%@e

co- pendi ng applications are incorpora erein by ‘cross- reéferenc

Var i ous meRtprgefse ritdemstteinel dpipendaviashighedpatd mefworked veloprpeimtent Altheeglt then

are discl s Nt | ;00 = i heatio ant ed. ent.s

FiTed by chedid v gelh B Wi R8P G0E 1 a0RRR, LEAL PSP AECRAVER IR o

2000: | 693ntdSs ngdingead touke in BB/ABBI3, 280, 09/ 693, 515, 09/ 693, 705,

09/ 693,647, 30 09/693, 690, 09/693,593, 6,474,888, 6,627,870, 6, 724, 374,

09/ 696, 514, 6, 454, 482, 09/ 693, 704, 6,527,365, 6,474,773, 6,550,997
CO-PENDING APPLICATIONS

Various methods, systems and apparatus relating to the present invention are disclosed in
the following co-pending applications/granted patents filed by the applicant or assignee of the

present invention on November 25, 2000:

15 09/721,895, 09/721,8944, 09/722,174,
09/721,896, 09/722,148, 09/722,146,
09/721,861, 6,741,871, 09/722,171,
09/721,858, 09/722,142, 09/722,087,
09/722,141, 09/722,175, 09/722,147,

20 09/722,172, 09/721,893, 09/722,088,
09/721,862, 6,530,339, 6,631,897,

The disclosures of these co-pending applications are incorporated herein by cross-

reference.

25 Various methods, systems and apparatus relating to the present invention are disclosed in
the following co-pending applications/granted patents filed by the applicant or assignee of the

present invention on October 20, 2000:

09/693,415, 09/693,219, 09/693,280,
09/693,515, 09/693,705, 09/693,647,
30 09/693,690, 09/693,593, 6,474,888,
6,627,870, 6,724,374, 09/696,514,
6,454,482, 09/693,704, 6,527,365,
6,474,773, 6,550,997
35 The disclosures of these co-pending applications are incorporated herein by cross-
reference.

Various methods, systems and apparatus relating to the present invention are disclosed in
the following co-pending applications/granted patents filed by the applicant or assignee of the

present invention on September 15, 2000:



35 The di scl osures of these co-pending applications are incorporated herein
by cross- reference. Various nethods, systems and apparatus rephahaydds t he
present i MRSGed-A are di sclosed in the fol | ow ng co- pendi ng
applications/granted patents filed by the afplicant or assignee of the
present invention on Septenber 15, 2000:2rvPS(28-au 20 MAY 2005 O - 2-

6, 679, 420, 09/ 669, 599, 09/663, 701, 6,720,985 The di scl osures of these

co- pendi ngb,@9pl2Dcat | BM&9H08, | NeWEGIgI0at ed herein by cross- reference. 5

Vari ous neé%%s systens and apparatus relating to the present invention
are discl os the foll ow ng co-pending applications/granted patents
filed by the appThediitloiesass H@Re o-péndiddCappRED brel MYGPELRE HRIN YP&RL-
2000: 09/ 60t9 139, 09/608,970, 6,678,499, 09/607,852, 09/ 607, 656,

6, 766, 942 re Tﬁceogl 609, 303, 09/ 610, 095, 09/609. 596, 09/ 607, 843, 09/ 607, 605,
09/ 608, 09, 553, 09/ 609, 233, 09/ 609, 149, =09/ 608, 022, 09/ 607, 844,
6, 457, 09/ “@E‘@ odsg Fustpmspnd abparatesgrelating to the prsenyinvetion a5 GePsed® The

di scl os ur ake efllotviRS&-sRdRe NEhINAtARRdnER! pRRE BEE bl NEOLRRLAL %&1 aE&?%E ’af 9%

cross- reference. Various methods, systens and apparatus rel at
present i AYSAEIBINUEOTIPeCIL3W:in the 20 fol I owing co- pending

appl i cati @osbansnt ecbgmggﬁ@s fdé*f%d;gb,y t he applicant or assignee of the
present  igoeNREON QY36 9/ 575,197, 09/575, 195, 09/575, 159,

09/57510132)9/60@953675013?63 9/57@@& 09/ 575, 130, 09/575,165, 09/575, 153,

09/ 575, 11@9,69%53 5, 30%07985 5 09/ 575, 144, 09/575, 139, 09/ 575, 186,
6, 681, 045 yo/chg, €2 ,609%35‘750§ é /575 192, 09/575,181, 09/ 575, 193,
7%,

09/ 575, 1830,6889h5/5 %@%07@,94 09/ 575, 169, 6, 644, 642, 6,502, 614,

6,622,999 09/608,920,  00/607.985,  6.398.332,
15 6,394,573, 6,622,923

The disclosures of these co-pending applications are incorporated herein by cross-

reference.

Various methods, systems and apparatus relating to the present invention are disclosed in the
20 following co-pending applications/granted patents filed by the applicant or assignee of the present
invention on 23 May 2000:

09/575,197, 09/575,195, 09/575,159, 09/575,132,
09/575,123, 09/575,148, 09/575,130, 09/575,165,
09/575,153, 09/575,118, 09/575,131, 09/575,116,
25  09/575,144, 09/575,139, 09/575,186, 6,681,045,
6,728,000, 09/575,145, 09/575,192, 09/575,181,
09/575,193, 09/575,183, 09/575,160, 09/575,150,
09/575,169, 6,644,642, 6,502,614, 6,622,999
6,669,385, 6,549,935, 09/575,187, 6,727,996,
30 6,591,884, 6,439,706, 6,760,119, 9/575,198,
6,290,349, 6,428,155, 6,785,016, 09/575,174,
09/575,163, 6,737,591, 09/575,154, 09/575,129,
09/575,124, 09/575,188 09/575,189, 09/575,162,
09/575,172, 09/575,170, 09/575,171, 09/575,161,
35 6,428,133, 6,526,658, 6,315,399, 6,338,548,
6,540,319, 6,328,431, 6,328,425, 09/575,127,
6,383,833, 6,464,332, 6,390,591, 08/575,152,
6,328,417, 6,409,323, 6,281,912, 6,604,810,
6,318,920, 6,488,422, 09/575,108, 09/575,109,
40 09/575,110

The disclosures of these co-pending applications are incorporated herein by cross-

reference.



6, 669, 385, 6,549,935, 09/575, 187, 6,727,996, 30 6,591, 884, 6,439, 706,

6, 760, 119, 9/575,198, 6,290, 349, 6,428, 155, 6, 785, 016, 09/573 é@éy 5

09/ 575, 163, 6,737,591, 09/575, 154, 09/575,129, 09/575,124, 0 P , L

09/ 575, 189, 09/575,162, 09/575,172, 09/575,170, 09/575,171, 09/575, 161, 35
6, 428, 133, 6,526, 658, 6, 315, 399, 6, 338,548, 6,540,319, 6, 328, 431,

6, 328, 425, 09/575, 127, 6, 383, 833, 6, 464,832, 6,390,591, 09/575, 152,

6, 328,417, 6,409, 323, 6,281,912, 6,604,810, 6,318,920, 6,488, 422,

09/ 575, 108, 09/575,109, 40 09/575, r1® The discl osures of these co-pending

appl i caBAGRSR&@UND ncor porated herein by cross- reference. 20 MAY 2005 O -
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with th %1u3|n a nonitor ["ayl n ormation a

and/ or ﬁﬁ%éggﬁ PmFWEdF?FHﬁﬁPﬁﬁ6W%§EFBﬁ’&V%?V@%!%@@Wﬂ%h“@ﬁﬂéwﬁa@emﬁﬁmew
power f ubgweiftl, it & relalvelly ibviky ynd bob-fortalde dnfbk@ﬂﬁqh@hhtad)blﬁ)apdr RErHe¥Rdidr @ veqdl dnd 18 ON
paper CaR.he uSAkfhadkh di:é_%%gi and. dH B ﬁQ‘ke%e Qe Qoarfﬁaér'm%ﬂsega gep' ayed

on a conmputer nonitor. wever , oaf use it ' paper
gener al P*‘F‘]%P@élyiaﬂ‘éthﬁlﬁ?qﬂﬁ’wmﬁ%ﬂwﬁ%@“&E‘Ffsﬂﬁ‘t’qqe corrput er sof tware. OBJECT It
is an object of the present invention to conbine advantages of pen on paper
and conpBiECT systens. SUMVARY OF INVENTION In one form the present

i nvent i on rel atiem object 3 GERSEM vV 6 Sorftide a@ahed: e@&f‘pggo %Eﬂe?ﬁxﬁ %Iﬁpg{ér s‘}gg _When
positioned or noved relative to a surface having coded data di'spose

t herei ng 6%P%iﬁy %Q en5|ng device including: an orientation sensor
configure nera ?he orientation data, using at |east sone of the
coded dat a, WP bf PEIAORYAETACIEE RG FHEE R Eheraing pemitiondpe when

di nensi pnamoﬁed ar m@cteatralmato Ofut fa thatihgdvd €l data isp &N Hitrig ofl RMb&E the s@kia 1Rt O
the surfatgne. and communi cation means configured to comunicate at | east

position data to a conputer system the position data having been

gener at ed i n®YERLigh Enipg e EgTddo emerath Be Aricattiqnglaiatusipa ptidegsime df s eotledintat
| east sibéereriepttiontdae beagladicaiad & atiaght bdd @indhdi@f atrdt@idndl Bfictation of the sensing device

relative to the surface; and
communication means configured to communicate at Jeast position data to a computer system, the
position data having been generated in the sensing devise and been at least partially based on at least some of
the coded data and the orientation data.
In another form, 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 npon 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 bemg

configured to communicate the region identity data to the computer system.




In another form the present invention relates to a sensing device for
generating orientation data when positioned or noved relati Vel AR 05
surface, typeyRrientation data being indicative of an orientation gf %%e
sensing device relative to the surface, the surface having coded data

di sposed upon it, the coded data being i4dicative, when sensed by the
sensing device, of the orientation, the sensing device including: a

housi ng; ori ent athOfiaRNSH QesifB #shs eﬁ'&h@%’ 8dcid %e%%@rﬁﬁt?c%eoftt&ehoglgi%petlaqgvkOn
data using at |east some of the coded data; and conmmuni cations neans
conf i gur ed® ths sedierdimasagadly ahide beusimatismovsd Thahausing reaydeveantcbmgaty stapenwhich a

preferred i I I . i.ndi cati of +h aw, pitch
Bl or ol 1 of ey pistiar Bt ol e hfhde MR B oEF pfl rhpfiopEnade
sensi ng dewgvadedividlagerekingroib ifomasignsiha gurfaeg st thisis mpeesseninl. ng novenment dat a
when the sensing device is noved relative to the surface, the

communitat i ons nBasismubiaicouslconfurige prehtdtion anbmrEmeoadata thheysny ewpbt ughdtta t 0

t he conput.egf: r 0, L he sensi ng, devi ce i.ncl udes regjon
dont 1 1y SEnaMEREEs sEhELE RtokaBhp kB SR SREE Pl R pe e
posi t i onedwoosingiovedsedab ajdystekt Kor axangdg, sichafjoytstiek @uldftansed vatidhiesdingnsibnal east

sonme of t . dat a, i ddentit ta indicative. of an identi of
the regio E@ﬁy{vﬁg qg‘g”mg#%’ﬁ‘ ?.(%%t? gjr? g Rﬁ%goﬁtsesﬁgﬁﬂ 3‘& @8 SPFHTHER FISBEBRAL I %?aﬁee&‘%/ he
regi on i denientbtyoncttee bausinpdn alb hpest dimersiont.diinap b Sufiidnt 26 Qtect NRSORS pitdas The
orientgiiqn sensing nmeans preferably. det.ects the orjentation of the housing
rel at ifg %?Iggtaﬁ@w%%? ace agtnrée JHiep- In}%‘“f”ﬁ’i °ﬁ‘8‘i}f§ti'°r’i‘g“'?°§'mﬁtb‘l?e of PR USS ng
may have adnuslgmgaticasadiapieatty cohtrolafnspse ofiedelvidty sikh US Bk intdRitPHEe: IKD&GhereNt |
t he housing has_the shape of a pen. The housing nmay be provided with a
mar ki ng ni lufn(ﬁroff‘r&"ﬁﬁpﬁ%‘%%H%V%rﬁ'f’gg@é’,‘w%[i?ﬁwqeﬁ|Osarlds90rrot essential. 5 By

si mul t aneousl y turing orientation and novenent data the system may be
used to veri fyaggﬁgli ?5%’ adypy may b ealoulgiedhystepting nersperiivedisterion gudetetion ed
ori ent at i enthsicgdedldstacan enable the housing to be used as a joystick. For
exanpl e, such a joystick could be used with three-dinensional software

appli cet i ons. Natigtly,hedanibt ubed t6 Qdter@SieOMch Mhe dpPhratull B f9§tiaﬁﬁ“eﬁtt$ 8 sRERS AP
means to sense the orientation of the housing in all three dinmensions. It

may be suffiFEitdraves §e sufase (widngtion hetvseq forcepppligtianind rampNal being dnfisedena not

need t hr eesidkeran fredhamd. TRE fofddldatalifBrmaRhPEINBE kgl stafiEd. €Xampl e, the housing
may be used to linearly control an aspect of a device, such as the

intensity of a IT@hipfind Repreft@blBscfira® ihPlASREBKEHing e ¥k hdlfs Ri tch
bet ween 0 and 90. ?Eg roll ?pr?oi tc asr?g ril/avlv irquxaly be cal gﬁl abi e%; yI et%g% ?gng

per spect i PECUPkaBPYe: 1 max heranyohaneibyhit ispreferplly getprm af aistylus or pen.

20 Preferably, the apparatus incorporates a marking nib for marking the surface with hand-

drawn information, but this is not essential.

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

25 information which uniquely identifics 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.

30




15 Firstly, it can be used to determ ne when the apparatus is first applied
to the surface and when it |eaves the surface, with notion bgg\méqé(@'sce
applicatiqpsapd renoval being defined as a stroke' in freehand. The ftorce
data information can be tinme stanped. The apparatus is preferably a
separate inplenent containing the approgtate neans as discussed above. It
may be any shape but it is preferably in the formof a stylus or pen. 20
Preferably, the apparatus incorporates a marking nib for marking the

surface WEME?%C@WMNWW[?G& but this is not essential. The
nded. f or

apparatus is pr ably.inte i,nteraction with a computer system
that can be coﬁ{r%%lm%e%dg ) l‘?ﬁl@ﬁﬁﬂ@tm‘ﬁaﬂﬂlwﬂmmeﬁﬁw% Py YAy fhether
drawi ng orlimiting dxagple aplp] witttreRyende 43S accommninedrd@inks & wiibigf er ably, the
sensing device is arranged to provide device i1dentification 25 information
whi ch uni dligke/1 istesehédhiitie of b e rdiaténskp b&’tﬁ@eﬁ@fﬁﬂlﬂ@;ﬁﬁnﬁdﬁk?ﬁ@%ﬂ ikRenRf ke use
this tq‘5 identify the device. Features and advantages of the present

i nvent i*on $5T'P " Wecome apparent fromthe follow ng description of

enbodi nents t her eof b,}/- Wa%boqt\%exa )le only, with reference to the
acconpanyi (R 4 i SYEnatis i ohiapiestsan batesyagneingge pey FpCipRESERNIET | a0NtneEe
DRAW NGS Bagf serveg énddvibtabdgiplienbedirvent s of the invention will now be
descri bed, by way of non- limting exanple only, with reference to the

acconpany iRigrdl @etRAgS a cblfeckdt Fhetphgcdbivers dnd SinferSHRARAdfed 9fa aehe%?k;
rel ati onship between a sanple printed netpage and its online page 5

descri pti Gigurd=i Uk Schiémiatic fie® CITRNEEA-fvati sevbte oF d HRIdESt a8 1 REHYER e Dage

net pagg, pen, .a.netpage printer, a netpage page server, and a netpage
applicati gﬁsc’é‘gtr“\?er; Figure 3 illustrates a collection of netpage servers
and printers interconnected via a network; Figure 4 is a schematic view of
a hi gh- | evBUrss3is 2 pigp weyshowing ¢ siusyreniepeigagedd® its online page 10
descriptiqn; Figure 5a is a plan view showing a structure of a netpage tag;
Fi gure 5hYjesrepbdp aplapivisy shpwing Agelationgin bstorrats sst ks fagsshawa i Figgre fhandiangs

shown in HFePwreiehar anslpae sésb devide iV HRMLA] ofa ne@hR3EE Sensing device in the
formof a netpage pen; Figure 6a is a plan view showi ng an alternative

st ruct ur e Fithredsahied Plageiet aitbwiddanilieihd eGRudtsre afpﬁelgﬁgé/iagyv showing a
rel ati onship between a set of the tags shown in Figure 6a and a field of

view di5 arp@idea pRATieRGheeM: & CelitbniHiSbdtREMattt & RELRANEWP B Figure 6a and a

field of view of a netpage sensing device in the form of a netpage pen;

Figure 6c is a plan view showing an arrangement of nine of the tags shown in Figure 6a where

targets are shared between adjacent tags;

Figure 6d is a plan view showing the interleaving and rotation of the symbols of the four codewords

20  of the tag shown in Figure 6a;
Figure 7 is a flowchart of a tag image processing and decoding algorithm;
Figure 8 is a perspective view of a netpage pen and its associated tag-sensing field-of-view cone;
Figure 9 is a perspective exploded view of the netpage pen shown in Figure 8;

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

Figure 11 is a perspective view of a wall-mounted netpage printer;
Figure 12 is a section through the length of the netpage printer of Figure 11;

Figure 12a is an enlarged portion of Figure 12 showing a section of the duplexed print engines and

glue wheel assembly;




Figure 6¢c is a plan view showi ng an arrangenent of nine of the tags shown
in Figure 6a where targets are shared between adjacent tags; q%ilﬂﬂﬁ@% i's
a plan vi QQ'A(S%EIOWi ng the interleaving and rotation of the synbdl's of e
four codewords 20 of the tag shown in Figure 6a; Figure 7 is a flowhart
of a tag inmage processing and decoding .agorithm Figure 8 is a perspective
view of a netpage pen and its associ ated tag-sensing fiel d-of-view cone;
Figure 9 i S J.ye. | of, t.he netpa pen shown.in Figure
5: Fi qure 18 P DEELLY Sk LR g e il S RIA PER B e pich
net page pewtpsgegwmter nf Fpgey Bsand 12,25 and 9; Figure 11 is a perspective view
of a wall-nounted netpage printer; Figure 12 is a section through the

| engt h of Higvee hkispagehematinbleck difigrisn gfinepribfey chitmplieefol A nespapd peitbioshget in
portion ofgFigure dé.showi ng a section of the duplexed print engines and
gl ue wheel ssenb'fly; ’20 MAY 2005 NPS028 -6- Figure 13 is a detailed view

of the 4 nk.cartri.dge, .in ir. and gl ths, .and print enpgines _of the
net page5 pir%i1 eetrlgolf‘ %F%Célﬁ]?aeisc ogk gﬁ%‘aﬁz&eﬁﬁﬁwi pyigt F‘ég%é? %‘Elﬁgﬁ%f 2pd DlesyR™

di agr am ofpriathgads adsediatednitli tk pafitef @htréilke sH@hRRBRuRNUNt er shown in  Figures
11 and 12; 5 Figure 15 is a schematic bl ock di agram of dupl exed print

engi ne comfigued 16as s sehaelatdipok tdalitaniofitied PReegine S eRailat Bewiin Mgdriel 4phd 14.er
controller shown in Figure 14; Figure 16 is a schematic bl ock di agram of

the print Fidug ITeis @ parspeRtiveevievs BONIndlEMen@i™asindid @alend, R useliit] WorCexdrhple Shd
perspective view of a single MenjetTM printing el enment, as used in, for
exanpl e, {CRBEEPEPSY IW?S%IOé? 15t Figures 10 to 12; 10 Figure 18 is a

per spe i\f:e view of a smal| part of an array of Mem etTM printing el enents;
Fi gur e "10 Fiaurel 8dap pargpegiiveyismeg @smpll sar ofaparmiy of Memist’) aontingelemwets:at i ng cycl e
of the MenmjetTM printin el ement shown in Figure 13; Figure 20 is a

per spect i VeBUE Qs gpeties Shperepestdgriiaves idystratingtheonernting Mol efitiaMemiet meiating
Figure 21 gjemet shGEMBiduee 1. €W of a user class diagram 15 Figure 22 is a
schematic view of a printer class diagram Figure 23 is a schematic view

of a pen elasSedi 204 EVEW & a%ﬁori &Fﬁeﬁgpgg\?g%#/ﬁglvﬂég%gn arr&h%agp lication

class diagram Figure 25 is a schemafic vie heft a page

descripti @[%%&lﬁqfa%glgétﬁz%EWﬁaglg&%lagSGdiLﬁm& schematic view of a document and
S ass

page ownership c I agram
15  Figure 22 is a schematic view of a printer class diagram;

Figure 23 is a schematic view of a pen class diagram;
Figure 24 is a schematic view of an application class diagram;
Figure 25 is a schematic view of a document and page description class diagram;
Figure 26 is a schematic view of a document and page ownership class diagram;
20  Figure 27 is a schematic view of a terminal element specialization class diagram;
Figure 28 is a schematic view of a static element specialization class diagram;
Figure 29 is a schematic view of a hyperlink element class diagram;
Figure 30 is a schematic view of a hyperlink element specialization class diagram;
Figure 31 is a schematic view of a hyperlinked group class diagram;
25  Figure 32 is a schematic view of a form class diagram;
Figure 33 is a schematic view of a digital ink class diagram;
Figure 34 is a schematic view of a field element specialization class diagram;

Figure 35 is a schematic view of a checkbox field class diagram;




20 Figure 27 is a schematic view of a term nal elenent specialization class
diagram Figure 28 is a schematic view of a static el enent Sp%ﬁil\ﬂhifzqué)n
class diagpgpy Figure 29 is a schematic view of a hyperlink el'enent” class
diagram Figure 30 is a schematic view of a hyperlink el enent
specialization class diagram Figure 3%7is a schematic view of a
hyperli nked group class diagram 25 Figure 32 is a schematic view of a form
class di aghamn ;4 igh%%ﬁa&%i% o éﬁ%m‘idsg?ﬁgﬁr}l}l of a digital ink class

IS a sche i

di agram Figure matic Vi ew o el d el ement specialization

cl ass di ags Fi oy gltgt% | [ .a checkbox field class

di agram %EO&%%? 1568@%1‘?1%%%6%2@0&73 I gﬁfﬁéé‘{:%]#?}g a Schematic view of a text

~field cl ag$,di 89 i : i . ic view of a signature field
cl ass di ag:?gélm %?g}j?’%faggv%ﬂsemgiﬁ%ﬁgwggggo an input processing algorithm

Figure 38%iéu§e fka%aat (‘ge'tzisllgﬁﬂj)xkr% Iaf"(';r}e s%%fo?{?lg ﬂ%&/@l&irt%ffﬁ&px% 3f8| owchart of Figure

38; 5 Figure 39 is enatic view a page serv coimand el enent cl ass

di agr am QMG 40kt HANTIRRLE e Wthon oFORUECERRE! | PLI ON c ass

diagram Figure 41 1s a schemat1 € view 0O avorites 1yst’ class di agram

Figure 42 gs 2105 I i I | { .c|l ass diagram Figure 43
is a schenat fc wggw 0 ét%V\s{éﬁﬁgcaﬁésﬁtﬂfcgﬁgsglgétlyo\'}glra%tdﬁ‘?%%%’col; 10 Figure 44 is a
schemat i ¢ pyd 1G5 » GHBYRRNLDIS S EANESlisCh AT SaglhfOr am _ Figure 45 i's a
schematic view of a hyperlink activation protocol; Figure 46 is a

schemat i ¢ pyd,GMqf a?chglﬁétfpv?éép&iastﬁét&g gﬂr&%‘%}%ﬁm‘ Figure 47 is a schematic

vi ew of a comm ssion paynment proto e 48 is a schematic view of a

set of r agh i E . igqyre 49 is a schenatic view
P AL SBRI A 8 AR ol

of aring B sy ocation sc gute 50 is a schematic view

of a iy Stiduld ) dg:a %g‘“%%ﬁp‘%l%@h%’g‘ﬁaﬁ%‘%& c§agp$g§ém, Figure 51 is a schematic

view of a second ring ocatl on”schene; Figure 52 is a

schenat i ¢ piuRusQl o aubikANAN) At hAGHiRARKLAG: ol UL e 53 15 a per spective view

of an icosahedron; 20 Figure 54°Is a perspective view of an icosahedral

geodesi ¢ W feeAURRENicTiew SHathnEsuBmiskiSy frofeEMaLi ¢ view of a mini num tag

spacing; Figure 56 1s a schematic view of "a m hi nrumtag spaci ng which

avoi ds ov ARy is FllMERicR e & a0 RRSRR bkl §¥o05; @ first tag insertion

case;

Figure 48 is a schematic view of a set of radial wedges making up a symbol;
15 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;
20  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;
Figure 58 is a schematic view of a second tag insertion case;
25  Figure 59 is a schematic view of a third tag insertion case:
Figure 60 is a schematic view of a fourth tag insertion case;

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




Figure 58 is a schematic view of a second tag insertion case; 25 Figure 59
is a schematic view of a third tag insertion case; Figure 602bqﬂgy 005
schematic yLgw of a fourth tag insertion case; Figure 61 is a sc

view of a pen orientation relative to a surface; 20 MAY 2005 NPS028 8-
Figure 62 is a schematic view of a pen_gtch geonetry; Figure 63 is a
schematic view of a pen roll geonetry Figure 64 is a schematic view of a

pen coor dig 5%§£§§§w DEW:DG o %y E%% ptical_axes of a pen; Figure 65

is a schematic V|em10 a curve y; 5 Figure 66 is a schematic

view of an @fl@%%éh@ﬂa@cqlwgﬁao%ﬂwl %e@ge fy.equency and tag frequency;

Figure 67 1S a schematic view 5¥|cal path; Figure 68 is a

f l owe har t %-U IEE'I. %mﬁtﬁp\;léw gf eg%&r&@ﬂ: UII)' @éj \E’I.i plily%lcglgﬁlnlgsog‘g(ha? g)?egl() %Ii)e(l:l; Vi ew

of a raw ass di agr am

equatlonquﬁgpgggg éf&gﬁ%ga%%p(fhggggﬁ%$n&§ha table cont ai ni ng equations

nunbered 11°to 2 IS a t ai ni ng equatlons nunbered 21

Lo 26: s Firgitiodsn %ae.@.attca&tv@ofcagntt@aa[oﬂ%etw%enaé' B%: AUIDRY S5h & frtﬁ%ggg,ie 5 i

Figure 74 a ta e contai ning equatl ons AUNDE

a table conial &89 Sanatd wﬁj%pgétec%p%lto 44; 15 Figure 76 is a table

cont ai ni ng ‘equat i ons nunbere ’Flgure 77 is a table containing

equati ons gy@gggﬂgﬁ 0%}?5*§kﬂﬁﬁ %nh% tab!e cont ai ni ng equations

nunbered I gure e cb ai ni ng equations nunmbered 55

Lo 57 Firgf&soin Loheflad ARPo/GOR Al SNALEGNS number ed 58 Lo 59; 20

Figure 81 1S tabl e contal ning equations nunbered 60 to 63; Figure 82 is

a table caﬂ&ﬁyﬂhggH@gq@%%gggg&%ggﬁéﬁg%gédLg)ﬁﬂ Flgure 83 is a tab!e

cont ai ni ng ‘equati ons nu Igufe 84 is a table containing

equal IR0 {OURDATER L o8 colsigHT il Fy 208Dl © contai i ng equat | ons

nunber ed is a ta e contalnlng equati ons nunbered

112 to 12(%1gur4:729§' bﬁ%oﬁémﬂl teﬂg 19115(}191%& ilnlg 2‘3quat ions numbered 121 to 129;
Figure 88 I's ata e cont ai R degenerate forms of equations 64
to 71; 20 FW AQ02table 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;
15  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;
20 Figure 81 is a table containing equations numbered 60 to 63;
Figure 82 is a table containing equations numbered 64 to 74;
Figure 83 is a table containing equations numbered 75 to 86;
Figure 84 is a table containing equations numbered 87 to 99;
Figure 85 is a table containing equations numbered 100 to 111;
25  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;




NPS028 -9- Figure 89 is a first part of a table containing conditions and
special handling for zero pitch and zero roll; and Figure 90 'Rq\ﬂégezo%%cond
part of t?ﬁﬁ%éble of Figure 89. 4 20 MAY 2005 NPS028 - 10- DE?

DESCRI PTI PREFERRED AND OTHER EMBCDI MENTS Note: MenjetTMis a trade
mark of Silverbrook Research Pty Ltd, Agstralia. In the preferred

enbodi nent, the invention is configured to work with the netpage networked

conput er . i I of .which.follows...lt. will .

appr eci at zﬁ%atm %g& %%{ (Lef\?ag?@él‘?o%al“g e %]\tﬁ’l&il)snane\nslf Spiahiendling for zeto %%We&i | or
even nost rdf; abche specific details and extensions di scussed below in
relation to the basic system However, the systemis described in its nost
conpl et e fFigum 200s thedecond pdneofedablé ofiFigxt 8r.nal ref erence when attenpting to
understand the context in which the preferred enbodi nents and aspects of
the present invention operate. In brief summary, the preferred formof the
net page system enpl oys a conputer interface 10 in the formof a mapped
surface, that is, a physical surface which contains references to a map of
the surface maintained in a conputer system The map references can be
gueried by an appropriate sensing device. Depending upon the specific

i npl ementation, the map references may be encoded visibly or invisibly,
and defined in such a way that a | ocal query on the mapped surface yields
an unanbi guous map reference both within the map and anong di fferent maps.
The conputer system 15 can contain information about features on the mapped
surface, and such information can be retrieved based on map references
supplied by a sensing device used with the mapped surface. The infornmation
thus retrieved can take the formof actions which are initiated by the
conputer system on behalf of the operator in response to the operator's
interaction with the surface features. In its preferred form the netpage
systemrelies on the production of, and human 20 interaction wth,

net pages. These are pages of text, graphics and inages printed on ordinary
paper, but which work like interactive web pages. Information is encoded
on each page using ink which is substantially invisible to the unaided
human eye. The ink, however, and thereby the coded data, can be sensed by
an optically imaging pen and transmtted to the netpage system Substrates
ot her than paper may be used. The encoded information in the preferred
enbodi nent is an infrared absorptive 25 ink and so an infrared sensitive
optical sensor may be used. |f desired other wavel engths may be used or
sensi ng techni ques other than optical sensing; one alternative is to use
magneti c i nks and




sensors. In the preferred form active buttons and hyperlinks on each page

can be clicked with the pen to request information fromthe BgtmR o5 t O

si gnal pr%gurzgnces to a network server. In one 30 enbodinent, text witten
by hand on a netpage is automatically recognized and converted to conputer

text in the netpage system allowing foags 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. 20 MAY 2005

NPSQ2S -1 i Img i } qﬁ% b@ﬁﬂ n represent a
interacti \J?eEﬁlrjrsnb [ c%ﬁ!!:)g%m l@f‘??#@é’%{sﬁaﬁ)@t e usgfr‘?I 0 ﬁ'EE)‘ﬂ%?. cally, on

the printed pagéyotgidemiglsise s matkiof Sitveghraok Reseasshite hidi Apstbis-ween t he pen
and the netpage system_ The exanple shows a "Request” form containing nanme

and address fi elladhereptered ahofmsab s invention e cpafipared daswak svidy thgrneiaee

data 2 5 RedwobRd chiipiisr syétsth R @tdiRK ové@iew &P Wafth el Rys3it Riill BE §6hr&%1& that not
col | ec':;J1 on of t ags 4 usl ng] i nvisible ink. The correspondi ng pag
B

e
descri pt i 6, imeleaeriation wiihaesreephgembrdy vk R evras Besthefsthe Rpeqinel idetediu and
el ements Qfndidhs dREIRAARIOW i rOBidn 16 tHedasib 'té.ysféﬁls. %ﬁéb‘ge)?(,ttﬁ{ﬁgtfe%ﬁH?dég%eﬁ Rekd al

extent (zone) of each interactive elenment” (i.e. or button 1n

t he exanplmost complesg fogw te Fralugrethp aepd foy exxterngl refeisager wien | affernptingrtp uaderstaindgbe  vi a
t he net pa 3 Lxb : : pch
PagEatext Ew R 5re@l’1tea gl?:lb&hm&l(?sr anﬁ?%ﬁg bt thg'Ergse‘ﬁt 1%8;%}'1?]1817 %Hg) e 8 As

corresponds to the 10 spati extent of ‘the cortrespon

illustrated in R @HESummaly e PREFRE ForRGR kOt ot aggtaﬁgfuﬁ@gﬁ 4 QiPuRf Ema@ I's

shown in Figures 8 and 9 and described in let ai ow, works in
conj _un1<9c i dntheiferm of aveanpadeurfaed. thaes, a elybicalamhost whishetontain mefeterads pr & map nl
appl i apcetl{e%qlrfg&% t&fu!cf it} Cglh M%Atgn.uﬁ'l%'maﬁqgfexgg&s bah BY ugxlie% an B@'O iate | .
communi cat es secu_relfy wtht % net page printer via a short-range 8% 1 nk
9. |If desis¢regidhdcel Depradingmyorhihe spasifedmpldmentatidneths ysp eefiengtdch @y g enviodaes or

an infrareg; Lt e bo i im ili.ty. The
et page. pr AR 8RR bY Cin EEADHRCKY o 4 BER Y BF sl e MBI uan 0° 1 5
and descmupdpadgtions may Sfaeicabbth ivéthovthe ingp aisl @ndng diféerény maps. pbe coapghiuakyisteror on
demandyz p 1 Z ma i nes., .catal ogs, brochures and ot her
pub 1 ci5 | ot SOEin 58rm RO SBAR Ty TRATR, WRBeca S ALE B PV BT HRE TG R0 &

Unl i ke a parisedbised onmap efgrericbesupgief dge sprsingtdevicd wsediwith el mappaicsuvihdec Thec an

be, for ¢ ., . \al %{:rm nt %ghd cené 0 an.grea.where the norni ng news
is first (l:n)éﬁsﬁlﬂ Uy, F?V%dgcan? © Ju@'é‘?” 2 ttf"fsc‘ﬂﬁﬁ‘, TREY a?ezgqjgrt CVaR: i f&[?f“e, or
near the hotdriof thespgpatbnih raporde peahd opeeatdrarinttdaaionayith thd surfadeFeat@e®s i n
t abl et op, desktop, portable and mi niature versions. Netpages printed at
their point of dorisupspfeired fatiybhaaetbie Sasa- efiesuse taf pRdp®Eion Wi bnd h@nan?5
timel izya)ess and. i ntEracti Vi IHY of an interactive médi um .

Interaction with, netpages. These are pages of text, graphics and images printed on ordinary paper,

but which work like interactive web pages. Information is encoded on each page using ink which is

substantially invisible to the unaided human eye. The ink, however, and thereby the coded data, can

be sensed by an optically imaging pen and transmitted to the netpage system. Substrates other than

paper may be used. The encoded information in the preferred embodiment is an infrared absorptive

25  ink and so an infrared sensitive optical sensor may be used. If desired other wavelengths may be
used or sensing techniques other than optical sensing; one alternative is to use magnetic inks and

SCNSOrs.

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

30 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 shown in Figure 2, the netpage pen 101 interacts with the coded data on
a printed netpage 1 and conmunicates, via a short-range radi gglijak @0§ he
interacti%&g a netpage printer. The printer 601 sends the interaction to
the rel evant et page page server 10 for interpretation. In appropriate
circunstances, the page server sends a.gqr.respondi ng nessage to application
conputer 30 software running on a netpage application server 13. The
application servgyr. i,n turn.send a response which i rinted on.the
originating pri n/tﬂelru}l 7 "ﬁie:igﬁrggleagg}lgf%?ﬁtff%ggrﬁﬂbregﬁﬁgrﬂ@?eé%v #‘?HF‘é"’?"Ch can
conveni entbei fillddhén pivefter ned tetbedjsi@ny, obyh®egirigdupee, afd COREtUMRIPT WA t h
hi gh-speed_m cr.oel ect r onechani cal .system ( MEM5) based inkjet _(Mem etTM
printers. CPIHH]PWg&’ﬁPe FRYE 5P ﬁpgfhe{wpélg? éyéf‘?ﬁ’ol)rg‘@)?’,‘anfpé‘l g'(ol 381 veflisgh-eted
and hi gh 26ntAlAYg 2006 anwa]gﬂas frell2 and]bl alhﬁrﬁiybtﬂfoh.n'rlild'l%tﬂage B&ﬁ@tsrﬂﬁrg@apﬁ%f&fadﬁbl e
to consuner.s, .In its. preferre r a netpage publijcation has the
physi cal PHAPY 488 Y1§1P|%d ’8‘?‘{‘5’%’?‘{ %(5‘?”% P%ﬂ%easﬁé@?ﬂﬁﬁﬁ%ﬁ%?4wn‘é§blﬁ inke fhyf
| etter-si zergpoRiMg paBE@R&inhoh Bl sBsted sh thel hétp£pe hetvoA) dReikks HedRBvidPrBents
t oget her fqr, easy navigation, ,and confortable handling. 5 The netpage

fglﬂtﬁ ’i“‘éf}laegﬁzl“

printer e Jret R itadeasribshthe; tyRe #1d satal dieRd(zrpR) o raeh imtssastive
‘Cabl e selklkhes: (1.5. téw feldadR beitdnGn %ﬁ"&gﬁp@(}mﬂa&l tESndifhet Rt tclgl‘flec%é Ae&ret aNd
y

cabl e nodem servjce offering broadband |Internet access is alrea
avai | abl e Ryt 39dhoRetpageskhe sybrpit huknagy dopesampler hasanzoae d gvhighetoreeponds tofthe

sl omer1m0@§@ﬁ;gx%§®ftmon@§ﬁoﬂ(ﬁﬁgy’a};ﬂ?c songer delivery times or |ower inmage
quality or both. |ndeed, the netpage system can be enabl ed using existing

consuner inkjet AanluitA&Arin Figuft 8o nehfig@ bt OHIR plddGreaUSHEDR Whikh isURELALE

more slowy and will therefore be | ess acceptable froma consuner™s point
of view Figussienddmnddtesraifedsin mofe defail pelgw. works Bngoningtisntvath preteagp printat e

i ntranet.. 6o1,Rnhtbinbt-@hfLled %ﬂﬁﬁ@g{ﬁé%@e fdr MEmBEIARAAS mobak GED. hfie P%iENe%s?re%gsea

single conputer or conputer-enabled device, such as a printe >

publi cat i 8! s@hwycates secyrpl yih Hististrgee prétiofike slcst-raegefradjodiokd 9t 1 deeitervisr
print 1515 e dlal 1 Ricteaahi RN Systeh IELARIG Y bhe Elﬁiareﬁeﬁ'dngrq{tt&a}lajtﬂé{@'l'b%ﬁlt I ons
are delivered automatically to subscribing netpage printers’via

poi nt cast ilgnaives il vsabifist i ng | nternet protocols. Personalized

publications are filtered and formatted according to individual user
profiles. A netpdgactprgenpraver &8h bprefeond ifgur ddvitich swpeon in Bigyrenlirbei3 afd
pens, andga SR M0k W n . 0f page printers, In the
preferred | r(%p enent gt i %&n%ﬂ é%%: ’ ﬁse 6%5@%%‘?2%43%%%%00‘188{? (%Iélalllddéjﬁ{sﬂﬁl%?d. A
househol dnewspaiessy enagazinsh.| eeldgarbrethurce ket etiereibicatjensp elh printod et kigls ijgatiedast o

each mgyrb . i Thi | | each user to maintain a distinct
profile wﬁ{tﬁ%lgi g@‘é{g %’o nglken&é éﬁaoagl CO%\é\%Fri’ g’%tnftg?gespélﬁl %\%{alrs a8 APRIISRTS ehith &R bes
server, a$semmge, vMuitmduntedadiscegnecinpen vwisreahd yotisgcheby id fivet cone@ee Gt &

{ S(Tnlt ?/ ¢ ;regpz?ﬁmr’m%&g rntear%Snreeaﬂg;f)a.lstatiibqee, C(i)r Qeealr %Vé/’hogs}eﬂcﬁcri’s g?%{‘ osf drérl?e}/rtupeefoy t?lg ga}. ?t
also comes in tabletop, desktop, portable and miniature versions.
Netpages printed at their point of consumption combine the ease-of-use of paper with the

25  timeliness and interactivity of an interactive medium.

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

30 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 microclectromechanical system (MEMS) based inkjet
(Memjet™) printers. In the preferred form of this technology, relatively high-speed and high-




user. 25 A netpage pen can also be registered with a netpage registration
server 11 and linked to one or nore paynent card accounts. ThpguAY!

e- Conmer cepgaynents to be securely authorized using the netpage per. The
net page registration server conpares the signature captured by the netpage
pen with a previously registered signatgge, allowing it to authenticate the
user's identity to an e-comerce server. O her bionetrics can al so be used
to verify | I . rsi i_nt
scanni ng VAR pilthe ¢ i RLE Rrlh R cIRRERDARE A 6t S S0 WELRLHT

Al t hough danthe phgacap chandcteristiva yof dettaidmenal plewslmgana& suchushe st of l‘eeermergmgy
newspaper t t bhe .confi gure | iver
unsol i ci tgéggls LPI? 'l%{éh dﬁ%ﬁ Icgrjllg% t% é\ﬁ%{ﬁréel egrbou(rj‘d (%%%ether f(fr eaﬁ’ A aﬁ?‘%/%?cgccﬁ%ion% cal s
from subsd:lamdhagi or ot herwi se aut horized sources. In th| s 20 MAY 2005

NP8028 - 13- respect, the netpage printer is unlike a fax machine or e-nail
accountd whi ch i sTheingiphgesprinGr axpjoifs ulekgrowing herilaitiy of howsdbahdBitdredt eqhanatiimber

out o de. uSaveE Brovaflileh3Rhe didsbles B0t L T WA e R it 38 e

pri nt er ( s)brdadband liséroe acrsesris alre'El‘ljr svailable toe0ftyof \dye. The BetpaQe ikt canlkiso @beram ers

|1 dt d TPA SYSTEM Al | TECTURE i t
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cl ass di ggﬁchm tllé’e ﬁ!:t{i@hsgktagroamdkﬁ%%l&{( Sm(ﬁ;é eﬂ?tﬁ@t T(ﬁiunﬁbjﬁéj&t eﬁlhﬂ&é&ﬁ?rmters
conne rel ati onshi ps, an t wo ki.nds o alionships are of interest
here: ass8ci® 'i’&ﬁ"s Yt @Pé]ié’P%{F‘iezlﬁ?rF oHvly gd a‘?go@FTQ{OF"O fe %‘S rAsgPREkram &y e
kind of reb@uinerssin obﬁiéwﬂﬁ@tlﬁbﬁﬂibﬁﬁnents, e I BRRRN B BONIRS Rivaeidssgs. A
general i z% pq;el a actual cl asses, and can be understood in the

fol I owi ng ﬁ othgr e % Imens, jthe “efl’ﬁ%%ﬁyﬁtﬁmﬁ hosted opa single compuipn or spipRitEreengled: hat
cl ass, andewitepsifehhs a pridergeneralization of class B, then Bis sinply a
subset of A Each class is drawn as a rect angl e |l abeled with the nane of

the class. It Cm&@g@§ulﬂ1cbtloitseﬁfers 1115>ntt1?@néﬂ§eigé inBibASar® tordifiBred k@ adlives at ed
fromt a horizontal line, and ist of the operations of the

a
cl ass,! seﬂﬁ{@f @HbIFPt&’i‘F {9 dCRRger PAteTe Ferisdicaypubligagpns, HRtds Vqr‘?%@mmﬁlcﬁlﬁetocl ass

di agrans Wtsédbin Qétbz%w prﬁ&YkeViﬁrpouﬁcFﬁ@t'i@t ARNSURERGRE WBEmdTOAGL &L, PARonalized
associ at i on S awn, as a |i nergpm ning two classes, optionally |abeled at

ei t her en@! f\ﬁﬁtforﬁlst‘%éﬂtﬁ‘iﬁfiﬁ‘i‘dpﬁo%‘i @,aqurdgqgéo wdystplasrarmtiehe def aul t
rrultl pI|C|ty is one. An asterisk (*) indicates a 20 nultiplicity of
"many", i.e. zerbl@paskBrier g o corfighred & support anyopibenediness. padyepesctaniverk i t s

name, and “‘1t§ Ay $AmOQt 6f0fﬂ:?daké/ pllli?fggl ﬁdth@-tpre?énteﬁ q{npﬁﬂlgntm&ih edchl %efpgéeepéﬁf nds e
correszpondl ng class. An o di anon
unique identifier. A house old may have a collectlon of colored netpage pens, one assigned to each

member of the family. This allows each user to maintain a distinct profile with respect to a netpage
publication server or application server, assuming that the assigned pen is only used by the
respective family member. However, as explained below, other means may be used to identify a

USser.

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

30 netpage pen includes fingerprint scanning, verified in a similar way by the netpage registration

Server.

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

preferred form, it only delivers periodicals from subscribed or otherwise authorized sources. In this




i ndi cates an aggregation association ("is-part-of"), and is drawn at the
aggr egat or end of the association line. A generalization rel 3gasdens
("is-a") ipsgsawn as a solid line joining two classes, with an 25 arrow
(in the formof an open triangle) at the generallzatlon end. When a cl ass
diagramis broken up into nmultiple diagrngms, any class which is duplicated
IS shown with a dashed outline in all but the main diagram which defines
it f NETPAGES 30
Nei pages ArBoma” pathus Brinh RUbS PR bR & Shai Sl MRy B S HRE
provi de a ndigewho basedhasisphinanenbace ehal pdﬂloéss SAlechativdly themhiiire mymdmay be

interacti nsj st s rint a or ot her

surf ace r\e{%dgﬁés\mlg% ougdgq%gg%?ég% ' %y&ﬁwrﬁﬁggiqwﬁ]gégﬁgbm 40 988 Bk s
to an onl Imetede)storqupidemaeraleﬂd’lma)phegby winef tehgng@aysitircusprsialivec] @0 said jurlt 0
the surface.of the page, may be in or on a sub-layer of the page or nay be
ot herw se |ncorporat ed into the page. The online page description is

mai nt ai ned persistently by a netpage page server. The page description

descri bes 4t he vigihl gthqgngAgaﬂ éi:orﬂﬁ nt of the page, including text,

graphi cs and i my es escr] es the input elenents on the Lﬁgﬂg,
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I's assigned a uni que page identifier. |s page has su h

preci si on siuply sbssheitsh bet ween al | net pages envi saged to be used in the

envi ronment of use. If the environnent is small then the precision need not

be as great as Vaeh elasstihdrawmos ¢ wataesie labgled witlythe narge Eﬁbhclmﬂemm 215t bhe

- page dl%sc&ﬂepdmlglﬂeé of tm&g%%ﬁﬂe@fr&ﬁ Hu@tn% %9 horyggtaf rjm(aea sl[ %ﬂ tﬁes opeliGion

uni que page on which it appears, ereby in |re ISR page

descri pt i ehthe| dass,heepargied fromr thel a@nlbmﬁdlwtebyt@h@rﬁmnﬂahgnealhsdlel cdmmdlagraes witish own

posi tion ?ghog‘)‘n%) g'GOpeg?%ﬁsaﬁé msﬁl&%fedof the tags are described in nore
ags

det ai | are prlnte%gln I'ntrared-absorptive ink on any substrate
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wavel engt hs are 1 nvi si asi
sol i d- st atvthitheagdtislEits of ﬂwassioclamnaﬁm dﬁ]{fﬁultahlﬂitlﬁllchtyﬁoneAAﬁ enatk (Sandicdidswe t o

the r %Iﬂat Hﬁﬁip]icity of “many”, i.e. zero or more. Each association is optionally labeled with its name, and

is also optionally labeled at either end with the role of the corresponding class. An open diamond
indicates an aggregation association (“is-part-of”), and is drawn at the aggregator end of the

association line.

A generalization relationship (“is-a”) is drawn as a solid line joining two classes, with an

25  arrow (in the form of an open triangle) at the generalization end.

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

attributes only where it is defined.

1.1 NETPAGES
30 Netpages are the foundation on which a netpage network is built. They provide a paper-

based user interface to published information and interactive services.

A netpage consists of a printed page (or other surface region) invisibly tagged with




wavel ength or wavel engths may be used, in which case no filters are

requi red. her wavel engths may be used, with appropriate subgtmaiesygnd
sensors. ANPg@E is sensed by an area inmage sensor in the netpage pen,
decoded and the data 25 encoded by the tag is transmtted to the netpage
system preferably via the nearest netpage printer. The pen is wreless
and comruni cates with the netpage printer via a short-range radio |ink.
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surface daewmgbes fideisibkt baye aphgateaeol/te pagd, iichiding text Ugrhihits apd GRagdes It AlBCE
for ea rinted, net page al | owi ng .i 0 intain a distinct tof

user - ool PGS BhAREents In Rrhedf aicodie AROBL BB PPt T oo
printed nelepeigions 20diedn2agesNRS0RSe cddpontine, sodl atanARsl ﬂtﬂaﬁ%i/‘@@ Rethd}gs Page
descripti ?n che ggﬁqe i nstance, %nd t.hg1 pri.nte netga e .is g(aown in Figure
4. I'n t he PHdPErT e e gy PremRICP NS H YRl idsretc B retedesesintin & eaghy tetagat h
the netpags ipdidet eferenbdsab thysé BbBElod tordgtients.fA KOPNR, allb WS nAALRA GfdE SAh AhO
requested it. i S, not essgntia to the working of the invention inits

| t
basi ¢ f or AFPHEPeR ALt Nacs 1A be simelensarslycapiured prtiprifestsd &Y thedrtpagssystemet page
pri nt whi ch prjint.ed the correspaondin hysi cal. page or the netpage user
who rg’rq%est ed itM‘rﬁﬂPieflstPa%ﬁm% f‘ﬁf‘fg tf&asaeg dossrintiony ﬁ%T?‘ZfNE?MGEPM ughy 2 1
Tag Data Gorivag idbitical fiey ©ricadstihuisied SRAEKH nétpdkeid 8Richdd £aniiepdps HeRhiideD
which it g_gﬁears Fmd h_he | ocation of , 10 that tag within the region. A tag
may al so CORtREENID Pasgutlichnt precisipm fodistipapinh betwernall netpages gisaged fo boused e

tag. One @fe siWic@nich@d ubd. iShd@yirodrtint R%ABIPHR: the ipBRRlon AeddBidt BERTATadfLe O
provi de feedback indjcative of a function associated with the inmediate

area of t M SOEEPIMEYIKBIEE: t he sensing device having to refer to a

descri g.)ti on of the region. A netpage pen may, for exanple, illumnate an
"acti Vi@ area” LEBCHFTench ta the pagsidescaiption impprofed e printed Aag. Khe fag fidentiigsdhe
clearly expiqad pad BewRmdh itl dppeurd)l8ll SN BRROGY TRAlifies GRS Paéeatﬂs&fﬁﬂ&ﬁllﬂ%he an
easily recogni zed invariant structure which aids initial detection, and
whi ch™ assPEtred smbpdippents Herieg dlspidetifise its gvn apsitianarmpthe nelge Sherisjeristics of tiref ace

or by the3eRsidBgriRdaf 8RR dethl®elo@dS Preferably tile the entire page, and
are sufficiently small and densely arranged that the pen can reliably

image at |east ofgs 429 iRNEHh ABadd-Sbd i%e gah(ioﬁkanfyubwﬁe RARR is ihfrarb&rdrBRRLL ANT

that the pen 20 recognize the ggge I position on every I nteraction
with 29 prcgeas osdingee panse Near- iveayelengths are invisible to the human eye but are easily

sensed by a solid-state image sensor with an appropriate filter. A sensor sensitive to the relative
wavelength or wavelengths may be used, in which case no filters are required. Other wavelengths

may be used, with appropriate substrates and sensors.

A tag is sensed by an area image sensor in the netpage pen, decoded and the data

25  encoded by the tag is transmitted to the netpage system, preferably via the nearest netpage printer.
The pen is wireless and communicates with the netpage printer via a short-range radio link. Tags

are sufficiently small and densely arranged that the pen can reliably image at least one tag even on

a single click on the page. It is important that the pen recognize the tag and extract the page ID and
position on every interaction with the page, since the interaction is stateless. Tags are error-

30  correctably encoded to make them partially tolerant to surface damage.

The netpage page server maintains a unique page instance for each printed netpage,
allowing it to maintain a distinct set of user-supplied values for input fields in the page description

for each printed netpage.




stateless. In a preferred enbodi nent, the region to which a tag refers
coincides wwth an entire page, and the region ID encoded in ?bqwkquzd@

t heref ore gyppnynous with the page 1D of the page on which the tag
appears. In other enbodinents, the region to which a tag refers can be an
arbitrary 25 subregion of a page or otheg.surface. For exanple, it can
coincide with the zone of an interactive elenent, in which case the region

~ID can directly 4 £y 1.0t [ . n Each ta i.cal |l

cont ai ns. 16.bi Lo, oyl 6L B2 R R brae 530 B A B acpe o
f I'agI l[))i t s.is Awswnin digeuse ﬁdnithmmﬁafgd dalots!im?n(t) d:iﬁz Bde plenanqa(:islﬁssecihtathrith dothGhdi t
tag su S - up tQ square inc ... Larger regjons
can be mansoarsier LR sl AdnE rByhitag gt 17 e LG RR B erepifl
si nmpl y by teithengridigiefithaigvantign mrits basiclfonm pisat thE pegedhSincnbé asomtiddall wieditherdthe
regiondD at D is tly one of convenience. For nost  purposes the
concat edn atnlg%gge(ﬁr m?eg éNthP \Rf)mtg%ﬁle Bé“??g?{gfnéé’ﬁ%%wg%agg ofﬁ?‘?) BefP2eg USRRIAG équ%e‘ll P,
Conver sel yr fartwhnmyheglagowlsprmadveni ent to introduce structure into the tag
I D, for exanple to define the x and y coordinates of the tag. A 90 20 MAY
2005 NPS028 -16- bit region ID allows 290 (1027 or a thousand trillion

trillion) 1R f f erNgnPAGEFAGHS t0 be uniquely identified. Tags may al so
contain type information, and a region may be tagged with a m xture of tag

types. For,Zxanpfzy Data'@itéit may be tagged with one set of tags encoding X
coordi nates and r t..knterl eaved with.the first, en ing..

coordi nates. It I{}mglql%tf%gedaf%%f 8%0?155%‘%83%%%5 tgféf; SRt Bﬁlgf; gﬁﬂpef‘éfg"mﬁ%%plf’%@%’é Pbn
may belotlet tig withisthe keggivn] A3dg dgsdso doadindfxge nilich gelao td the replaviak @ MBRBor kN

whi ch the will be used. 1.2.2 Tag Data Encodi ng |.n one enbodj nment
each tag (t:%ynt? %i%ngs? 12 r%lﬁ?%gl Sfm?yhf%reﬁg?liﬁgrf.‘g“ ta%fﬁlsﬂﬁglg“‘é"f totPﬁ‘Q"“éFaft%ﬁAbgﬁ‘e

r edundant lindieticodedfungion gssaciated with theRapbdHal HesT thoA, williusthy s@lsh§ 3G
encoded biht‘gnc?nrseifstti ngeclot.ofﬁg codevvorfgs of 15 4-bit s nbg}gs_each. The
(15, 5) cOda&f HE 08 eecrBuey sbgie TsEP, “F@a%?epeﬂda?yré@t%‘am T Egetiotd,
i.e. it i$Sadiot aea tEIDWhen if YHebxohe dah@pertikt € of up to 33% per codeword. Each
4-bit synbol is represented in a spatially coherent way in the tag, and the

synmbol1® of the A& wilidedsowe cBshasplait dcloaainedpsRatd ahbodindnt, Rhéh tf Codtags

This ensures t.hat a bu&sl errorﬁé an error affecting nul ti(PI e spatially

‘adj acent B t€Va AR QAR EH HERroBC fids iffial detEiiopaprd avivehd sssigtspithi mum
number of nfiptiigSthi RffadYof QRE wabH BMRed byt el SurflX oMby inktdseh By biok&bi hRoded hat

t he bur st ‘f”&é f?{iﬂ be fully corrected. Any suitable error-correcting code
code can BT tiledhe pufire Page; and arg suldiviepilypgdatioandrdsasely. yeged Gpt g appra a

Reed- Sol oraMabig GfRgeNit1BasiTBRLta leveresiS a SRGKNIBOGN theMpdsh. ik REir5ANEn: Qhat Fhed %Eﬁlr ent
synbol,.and codeword si zes; another block code; or a different kind of code,
such arecognize the page ID and position on every interaction with the page, since the interaction is

stateless.

In a preferred embodiment, the region to which a tag refers coincides with an entire page,
and the region ID encoded in the tag is therefore synonymous with the page ID of the page on
which the tag appears. In other embodiments, the region to which a tag refers can be an arbitrary

25  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.

Each tag typically contains 16 bits of tag ID, at least 90 bits of region ID, and a number

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

30 increasing the tag ID precision simply by using abutting regions and maps. The distinction between
a region ID and a tag ID is mostly one of convenience. For most purposes the concatenation of the

two can be considered as a globally unique tag ID. Conversely, it may also be convenient to

introduce structure into the tag ID, for example to define the x and y coordinates of the tag. A 90-

;
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20 convol utional code (see, for exanple, Stephen B. Wcker, Error Control
Systens for Digital Comrunication and Storage, Prentice-Hall z%qgﬁ 0t
contents %: (yygi ch a herein incorporated by cross-reference). g

Physi cal Tag Structure The physical representation of the tag, shown in
Figure 5, includes fixed target structuggs 25 15, 16, 17 and vari able data
areas 18. The fixed target structures allow a sensing device such as the

net page p e & 7and nf er s thre g ional orientation
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The tag i ndidhdRssystes Wwilb@ededSt ructures. A detection ring 15 allows the
sensing device to 20 MAY 2005 NPS028 -17- initially detect the tag. The

ring is easy to detect because it is rotationally invariant and because a
sinpl e corttz2ti dragoDatatEncadpct ratio renoves nost of the effects of
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conbi nat Ay o REeLorhehBIPRay he vl h%”ffha%%fng AR T il P

ar r angenestrorafan dafudly bortestedi t hi n the tag optinmal. shown in Figure 48, to
maximze its size, each data bit is represented by a radial wedge 510 in
the form of an amyauitablnaedclryectingcdtld codeciambe hsieﬂéxﬁplEdeZ;f aq 15,30 Radd-Soldnder

arc 514 and, a.radi al | 16.. Each wed 0 has m ni

di mensi on 9 §’ ople %/Ri%ogﬁodﬂ “°3§dwlt%m8& nge%g af“ﬁ’af“tpa? 55'358%%@9* its
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A byt 2550 USSP Fad (e ol ¥ Ty i B A ebera PPt Sepraluges: daoDies
best Shomomﬂluﬁbgimnanégtorage, Prentice-Hall 1995, the contents of which a herein incorporated by

cross-reference).

1.2.3  Physical Tag Structure
The physical representation of the tag, shown in Figure 5, includes fixed target structures

25 15,16, 17 and variable data areas 18. The fixed target structures allow a sensing device such as the

netpage pen to detect the tag and infer its three-dimensional orientation relative to the sensor. The

data areas contain representations of the individual bits of the encoded tag data.

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

area is also contributed by adjacent tags, it only adds 16 dots to the effective diameter of the tag.

The tag includes six target structures. A detection ring 15 allows the sensing device to




20 The 15 4-bit data synbols of each of the six codewords are allocated to
the four concentric synbol rings 18a to 18d, shown in Fi gure, ? MAY 2005
interleaved.fashion as shown in Figures 49 to 51. Synbols of "TiTst %

si xth codewords 520-525 are allocated alternately in circular progression
around the tag. The interleaving is deshgned to nmaxi m ze the average
spatial distance between any two 25 synbol s of the sane codevvord O her
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are descglpﬁlgﬁecfheg%e%&s]eaﬁ@é the sepsing dqvice 1o Tpfgy - ‘B%‘“‘a? byp-pimgensiony] perspestive 434,

and PCT apphiferai dfohe BE TS0 2059duratk hﬁee-&@n@ﬁsﬂiﬁhﬁp@fﬁoﬁ%ﬁd‘ ofdntaibh ©P (R tEx
|ncorporat d. herein b reference. 20 MAY 2005 NPS028 -18- In order to

support " ?fﬁ’leéc’ FF%‘R interaction with a tagged region via a sensing
device, the seg@ﬁ& devi ce nust b& z% le to see at |least_one entire tag in
its field of vi chlfuetures aissriundantly {apgs to gpreys their mupiiuto ngfsf-ent at i on t he
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performed by a sensing _device such as the netpage pen is shown in Figure

7. Wil e STEdserrrgsmeR] datadit itk the (g ek Asshoveping Figine dfde maximie ifs t he

dynani ¢ r gngea8f ddtdBit iPRERsdned At LM NG 310 20 ke IRE oﬁﬁﬂ&@z{ b@ndld 6y HRNIE
i's the&chosen as _the binary threshold for the inmage 21. The image 1S then

t hr esHol d&diah igess e rfedially npetoare Shhand ecraciwliae@ut?rezgat She I%qch avedgshaifielas 23)
(at 22). 3RARES dhisidndF 8 abo% HBLbi 418 1sr<§:9%€eﬁ%9ttha1i basé egﬁ“st infe a%&tlu {§S are

di scarded. The size and centroid of each e is also nput e
shape o nﬂHﬁ@t omalip Ehis Moo dimensen. The radip) heﬂght ofthe h'e@qép@ is aém’d's thebte the

provide rﬂﬁ%’ (%{1 @ach ﬁ%ﬂ%ﬁ&%ﬁmﬂl% Ile r%:?é%n{eﬁgy Iget51§ of E& u%: §§s %lg,ent r fal

shape rmrrents a nat ure oSt rion, and" Tasily
made |nvab¢sasitowoﬁnElgmieéS aspect ratl o] and rotation. The ring target
structure 15 is the first to be located (at 26). A ring has the advantage
of b&0ng very Vigk|IShéhavet snbnlspeT spleof itke sidi @tiordrédare Milbcidng e doaeds

by aspect c&%&mﬁi éyﬂboprlr?gnqiia to 18d, shown in Figure 5, in interleaved fashion as shown in Figures
49 to 51. Symbols of first to sixth codewords 520-525 are allocated alternately in circular

progression around the tag.

The interleaving is designed to maximize the average spatial distance between any two
25  symbols of the same codeword. Other arrangements of the codewords or their data symbols may be

utilized.

The physical layout of the tags or the shape and/or arrangement of data symbols within
each tag are nor essential to the working of the invention. It is merely necessary that each tag
encode sufficient information for the intended use. The use of redundancy in the tag is preferred

30  but, at its basic level, not truly essential to the working of the invention. As such other tag
arrangements may be utilized. Examples of other tag structures are described in US Patents
5,625,412, 5,661,506, 5,477,012 and 5,852,434, and PCT application PCT/US98/20597, the

contents of each of which are incorporated herein by reference.
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physical tag st rTllJlgta)l‘(l{secarget %rr&gtgldel ﬂ')glss es %gx to %e ocate(c?lS E]St) ﬂatch:%gtprr]oeceeds by

applying the ring’s normalizations to each shape’s moments, and rotation-normalizing the resulting

moments. Once its second-order moments are normalized the axis target is easily recognized. Note
25  that one third order moment is required to disambiguate the two possible orientations of the axis.
The shape is deliberately skewed to one side to make this possible. Note also that it is only possible
to rotation-normalize the axis target after it has had the ring’s normalizations applied, since the
perspective distortion can hide the axis target’s axis. The axis target’s original rotation provides a

useful approximation of the tag’s rotation due to pen yaw 29.

30 The four perspective target structures 17 are the last to be located (at 30). Good estimates
of their positions are computed based on their known spatial relationships to the ring and axis
targets, the aspect and rotation of the ring, and the rotation of the axis. Matching proceeds by

applying the ring’s normalizations to cach shape’s moments. Once their second-order moments are
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tags and (heidaRdiSSNA OngpBidyim field of view 193, which nmust span
the diagonals of two tags. Figure 6c shows a square tiling of nine tags,
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The ring target 15 is only sought in a subarea of the image whose relationship to the
image guarantees that the ring, if found, is part of a complete tag. If a complete tag is not found and
successfully decoded, then no pen position is recorded for the current frame. Given adequate
processing power and ideally a non-minimal field of view 193, an alternative strategy involves

25  seeking another tag in the current image.

The obtained tag data indicates the identity of the region containing the tag and the
position of the tag within the region. An accurate position 35 of the pen nib in the region, as well as
the overall orientation 35 of the pen, is then inferred (at 34) from the perspective transform 33
observed on the tag and the known spatial relationship between the pen’s physical axis and the

30 pen’s optical axis.

1.2.5  Alternative Tag Structures
The tag structure just described is designed to allow both regular tilings of planar

surfaces and irregular tilings of non-planar surfaces. Regular tilings are not, in general, possible on
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corres pO”B&s@fBle‘ 0%&51&0919 of t-ﬁg ﬁgtragtim&the sensor, it is also possible to embed orientation data in
the tag data. For example, the four codewords can be arranged so that each tag orientation contains

one codeword placed at that orientation, as shown in Figure 6d, where each symbol is labelled with

25  the number of its codeword (1-4) and the position of the symbol within the codeword (A-Q). Tag
decoding then consists of decoding one codeword at each orientation. Each codeword can either
contain a single bit indicating whether it is the first codeword, or two bits indicating which
codeword it is. The latter approach has the advantage that if, say, the data content of only one
codeword is required, then at most two codewords need to be decoded to obtain the desired data.

30  This may be the case if the region ID is not expected to change within a stroke and is thus only
decoded at the start of a stroke. Within a stroke only the codeword containing the tag ID is then
desired. Furthermore, since the rotation of the sensing device changes slowly and predictably

within a stroke, only one codeword typically needs to be decoded per frame.

It is possible to dispense with perspective targets altogether and instead rely on the data




15 class diagramis shown in Figure 22, as part of the netpage printer
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location to yield an absolute pen location within the region.

1.2.7 Tagging Schemes
Two distinct surface coding schemes are of interest, both of which use the tag structure

25  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.

30  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
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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

25  instances of the same page description.

The presence of the most abstract document description on the page server allows a user
to request a copy of a document without being forced to accept the source document’s specific
format. The user may be requesting a copy through a printer with a different page size, for example.
Conversely, the presence of the formatted document description on the page server allows the page

30  server to efficiently interpret user actions on a particular printed page.

A formatted document 834 consists of a set of formatted page descriptions 5, each of
which consists of a set of formatted terminal elements 835. Each formatted element has a spatial

extent or zone 58 on the page. This defines the active area of input elements such as hyperlinks and




845 or a page server command el ement 846, as shown in Figure 27. A static
el ement 843 can be a style elenent 847 with an associ ated st yogual 2665
854, a teﬂpgézgw el ement 848 with an associated 15 styled text object 855,
an image el enent 849 with an associated image el enent 856, a graphic

el ement 850 with an associ ated graphic-@Bject 857, a video clip el enent 851
with an associated video clip object 858, an audio clip el ement 852 with
an associ Bﬁ@ﬁ@lﬂgi o clip object 859, or a script element 853 with an
associ at ea script object 860, as shown in Figure 23. A page | nlstanﬁe gay
have a backgroun ' 2 i ' o _reco an igital i

capt ur ed ongt he %gé%ﬂv?/ﬂtl 1§ﬁ%§%§‘sf%cr)1{e§p§p%sﬁ§a %mgg‘%pdé& eing&%h ﬁ?nsgfseoﬁ_@ ﬁ?t.opl n
t he pr ef erpegdinftarcps 830, tdvh of mhieh tomspords teagpaga deBdifitidnS efsixofotmited dvduidenteach

age inst | | Ot - on th age to be translated info |ocations on
e page. THof Fagk Rk ARG e BESE rkPich Rt o s thpaee i ah OF

net wor kO cdimsiegpage.of pagedngdnce xuioe gars of a dbcunehpiagence 265it PGSBS V@fysofﬂalfhage y
net page regi st.rati.on .servers 11, netpage |ID servers 12, netpage application
ser\ee?s %%’,ueﬁeecﬁﬁésé)%uﬁrbbl ication servers 14, and netpage printers 601 ]
connected via a petwark 19 such as th Internet,. as sh in Fiqure 3. The
net page regi st ra’tgipa1 § HadGe ponyiyts ioga éeté’g};e%‘r“ Ameft ‘P%"(ﬁ%@gpép glemgiidpstagee

bet ween uselysexistp énis reqordsnihgie-spiofilci ifkhaRs. Ame, ﬁu@béxﬁﬂt iRRgce alids E%}ea{ ePy
aut hori zes_vari.oys nefwork.activities. It 0 .ayt.hentj cates users and acts
as ‘a si gn?‘Pi%eﬂérf’koe%)“egﬁgeﬁ%‘ﬁgI‘tfreCSfdséLﬁaﬂsé’ﬁtf‘?“c@tsgd"}ﬂé“e‘f §1’_"‘Flﬁ° Lpie Pesginspee, and
transddl i arfild inftarak 8Rist fe\ai fﬁ&Belﬂﬂéﬁﬂ%daﬁdeﬁﬁeé(%&ﬁﬂlﬁUt'%]beféﬂic&@fh\é'pﬁ@?inét%ncg.%i red.
As descri bed ahove, net pa age _server 10 mal ntai ng persisten

i nf or mat i 8%“5%&6?“’183@%“ B‘éts"%sgﬁ?‘?%’%% for sigtipyelepments ek agfpddowsthe nell;) page 2
net wor k i ncl udes, any. er of page servers, each handling a su set 0
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user i npuit4yat apsge kaveredmmanbgeménd S1G RS chowdlih BRR 275 NGhitid SleMBtRAYCarlld N €5 S
send net pggg i.n rectly tq the appropriate page server. The page server
n

i nt er pret e u% ﬁ%{ ApRan psspsigted syl (9Bleﬁe85de% E‘?F‘&BN eyt 348 with ¥ psegiwerdi ng

page. 5 netypagextloBjcse8558tn Ikagd! diGfcat 85 AREWIRMocih8 iRdeeMlertlBr B 2 A
provi des | pad- 5 bal ancing. of page servers via its IDallocation sthene. A

page se ait i :
net page pFIERFErSIsHE dmassqoiicd: giaghiophitet Bblitaetddavenhia chynsniedhl(DRIS)n asseciated

simlar, &fleoCRSOhY¥E 338NRL RABEIPAIE PSSO with bf 2t BEBELYRE KR OHEE %S0 0fr 4 he
net page page server handling thé correspondi ng page instance.” A netpage

appl i cat i SAPSEPpET 813wtk anastosialedrscrifobikcl$6S 128 shomndr Bigie28. net page
applications. 10 A netpage publication server 14 is an application server
whi ch publ i shes “hBispatsneropaiane 3 backgropat findd833prhislt is psed (THeogrd anedigiea inki bed
in det@ | chgluref &l th&Pagé which does not apply to a specific input element.

In the preferred form of the invention, a tag map 811 is associated with each page

instance to allow tags on the page to be translated into locations on the page.

1.4 THE NETPAGE NETWORK
In a preferred embodiment, a netpage network consists of a distributed set of netpage

25  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

Internet, as shown in Figure 3.

The netpage registration server 11 is a server which records relationships between users,

pens, printers, applications and publications, and thereby authorizes various network activities. It

30  authenticates users and acts as a signing proxy on behalf of authenticated users in application
transactions. It also provides handwriting recognition services if desired. As described above, a
netpage page server 10 maintains persistent information about page descriptions and page

instances. The netpage network includes any number of page servers, each handling a subset of




Net page servers can be hosted on a variety of network server platforns from
manuf acturers such as IBM Hew ett-Packard, and Sun. Milti pl eospaiRe9fn05
servers cgpghkn concurrently on a single host, and a single server can be
di stributed over a nunber of hosts. Sonme 15 or all of the functionality
provi ded by netpage servers, and in pacpycul ar the functionality provided
by the ID server and the page server, can also be provided directly in a

t ' t .print ' kst at.i on,
on b oo alP kL PS50 23 QB REASRELTLEE ol el BE B et ISR EUPE
appl i ance swHi assmeipagerpeigiess sendeubtwigé mptthiirectbt tp dgappiypii@apan derve? OTHerpagd Srver

net page daocunents on.,demand .and via subscription. Each printer has a uni que
printer | Iﬁgtg‘?fesaélxauﬁhsmpcq’grﬁﬂagg? tce"j’&het%s(i"r? O%%flttﬁ%a’ére%f‘% deg\eri a a network such

as the Internet, , ideal |l y,via a proadband conpectjon. t fromjdentity

and security set‘it\inr?gggel }r?) r?%rﬁ“?rvlo%o 5@?"?@3 ﬁg?’f’ﬁ}ei}t Hfshéi ﬁgtdﬁ‘gg‘g{’ |5"P‘is r?fcé’fdes ﬁ‘?g"d not
cont ai rb arwlapensifpagnervetsaiaagdD alscafiaf scagm@ user i s concerned, "the network
is the 25 conmputer”. Netpages function interactively across space and tine

with the hel p ofAtrepagh piintérbuseethe Meipagistingal Semy Sysed ADNSdgpandantd y of

particul ar_net pa rinters.. .The netpage printer receives subscribed

net page d5%sﬁﬁ5 At '%?Hag%ﬂ%% gj{')p%)glé‘topﬁﬁ IHF@Q% %‘ﬁr sy 8?9’& MEPISE PAsS SH VY JRBHSLhS s

di st ri but edrrésporidimy page ihganckhe page | ayouts, and the actual text and image
obj ects which popul ate the pages. Because of personalization, page |ayouts

are typically 30A agpajefapglichtionasear 13 Elzl|saﬂ%/el&kﬂlb&ﬁﬁdsﬁﬁﬂte@&dfeSl@tp@geﬂapﬁﬁﬂaﬁ&%.ast
Text an

to th ubscriber's.printer via the appropriate  page, server.

i nagee'é]z j écPePasy ﬁ“ﬁ'ﬁgﬂ%’t frEyer ﬁérﬁj?ﬂ a?@“ﬁv’ﬁi SeypY Yhich gpblisheg; netpagh propments to
subscr i bemstpageahidtes0TiRyQrddekdribé@mtdetal idbdctisipscri bers' printers and the
appropriate page servers. 20 MAY 2005 NPS028 -25- The netpage publication
server optim zeNdhge SegeBNtAl bOMhddfed QT UNRLHetC @Rt RAVork NeBrer PRItREHLFHom and

nmul ti casts. ter receivi t oi ntcast of a docunent's page | ayouts, the
printer KK CWTSCﬁ‘CﬁlﬁSt %ﬁs?@?"ﬁ)‘ﬁ“@aﬁ#@i "1“61 Pist Milipls, netprge RETSPFAMIEr has
received theueenploatatsidptodsi, ayoitisgle e Bt Esttifladd Slef 4 RGnieP 8f hodtsdQAETENT

to be 1§ri ntﬁ?gfatbt can p{i nt the docunent. The printer rasterizes and prints

odd and eV® & Sungtionglity DryEsied by nefRras Sepers, and &n partiquing thedfregipnality previdedaj ns

dupl exed By tRUDEBGENRI FRPabOdhRE, Sar S8 R0 RdddMire @R B RSpibe 'ab]!tml?ah&gsué‘fpﬁg Lt TM
printheads 350 for this purpose. The printing process consists of two
decoupl edEPagy@ENteR: k3 QRPHEE Moistatonpeigl adesgbratyierkons, 10 and expansi on and

printing of page inages. The raster image processor (RIP) consists of one

or nore ﬁ:[;andaéﬂ RFPS 757 running in parallel. The dupl exed print engine
control | el® condHENEFPAGE PRINTER
The netpage printer 601 is an appliance which is registered with the netpage system and

20  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
need not contain any persistent storage. As far as a user is concerned, “the network is the
25  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 netpage publication
servers 14. Each document is distributed in two parts: the page layouts, and the actual text and
image objects which populate the pages. Because of personalization, page layouts are typically

30  specific to a particular subscriber and so are pointcast to the subscriber’s printer via the appropriate
page server. Text and image objects, on the other hand, are typically shared with other subscribers,

and so are multicast to all subscribers’ printers and the appropriate page servers.




custom processors which expand, dither and print page inmages in real tineg,
synchroni zed with the operation of the printheads in the prinyp QAY A5
Printers rm,% gnabl ed for invisible IR printing have the option to print
tags using ¥ 15 absorptive black ink, although this restricts tags to
ot herw se enpty areas of the page. Al thoggh such pages have nore limted
functionality than invisible IR-printed pages, they are still classed as

net pages. A nor t pa rinter prints netpages an sheets of paper. Mre
speci al i zed net @lﬁe& ﬁ%’ %ﬁbe@%ﬁoﬁ}a%/ewﬁgioﬁ?m%?ﬁ %‘e ﬁ%@’éen & PEF]f’?gﬁmdﬂe'fe&E@’é?
such as glpolgsstoandsineltitstsoAfipl @ediviog the amivagrdf atddtumedOs paRAydus, fk phigast

one surfage .t a supports at |l east one tag tiling schene, and hence
tag nap, gq&?w%‘g@ﬁh%‘lqlgl?aefgseﬁf’%yp%.hs%eﬂéo‘t ag map 811 which describes the tag

tiling scheme actual used. to print a dqcunment becones asso iat%d w th
t hat docunent so(s?°ﬁa4‘élp ﬂléterd]&%?urﬁgeﬁ‘fegsfhet 5ﬁgﬁ%t8r?a¥?ela¥?ﬂtsr @rtff Pyecty Rk piettey.
Fi gure 2 shawent hée pitpd geappiimtierdocdnass di agram reflecting
printer-related information 25 maintained by a registration server 11 on

t he netpage net Vithekprintr pistefies bedipraideddi 4ve BienQlagdsRen@hddags o botRREs dfShe
described jn gIreater getail In Section 6 below, wth reference to Figures

11 to 16. *1°°6.14 RREAPL S imiheagie aandroliut fayend pevterreish voparaMemiahg
printers mpEa@edtk 850 Br isdRrgognge of digital printing 30 technologies,
including thermal inkjet, piezoelectric inkjet, |aser electrophotographic,

and others. HoviE@fintidgQfrodsiRnGE QNSNS rde@ﬁfl@dpgt@%égzerasté.rfzaﬂicﬁl o%%%%&'rﬁti&d@,at a
net pa printer have the followng characteristics: 20 MAY 2005 PS028
- 26- phot 8@‘1{] ﬁ’fﬂﬂilst‘,‘mq"ﬁ'gl H”t“?n%:@ﬁ RABe iR3gst-i Ty rastar dmagsumipqesspr (RIRY cqmsistatof wpe or hi gh

reliabiliimbre ki@WaRf DBPENST Afhing In lpAMILNKLE QS lexcl PHnPERGTe &ARbIIersS ESREEOf
operation i\eearl ;/l silent pri n]tnlgn PRI h pr?énftzxiengj gpeed e10 s{) rﬁrﬂst aneous

hi
doubl e si GEEPTHPIORESFNHY which g}sﬁga@tditggrami pg@;tmgge images in real time, synchronized with the

operation of the printheads in the print engines.

Printers not enabled for invisible IR printing have the option to print tags using IR-
15  absorptive black ink, although this restricts tags to otherwise empty arcas of the page. Although
such pages have more limited functionality than invisible IR-printed pages, they are still classed as

netpages.

A normal netpage printer prints netpages on sheets of paper. More specialized netpage

printers may print onto more specialized surfaces, such as globes or sheets of plastics. Each printer

20  supports at least one surface type, and supports at least one tag tiling scheme, and hence tag map,
for each surface type. The tag map 811 which describes the tag tiling scheme actually used to print a
document becomes associated with that document so that the document’s tags can be correctly

interpreted.

Figure 2 shows the netpage printer class diagram, reflecting printer-related information

25 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

30 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

characteristics:




| ow power consunption No currently comrercially available printing

technol ogy has all of these characteristics. To enable produehigay%oos
printers w t hese characteristics, the present applicant has 15 invented
a new print technology, referred to as Menjet TM technol ogy. MenjetTMis a
drop-on demand inkjet technol ogy that Lpgarporates pagew dth printheads
fabricated using mcroel ectronmechanical systens (MEMS) technol ogy. Figure
17 shows a singlge pr'g{gi Q}gﬂcel epent 300. of a Menj et TM pri nt head. The

net page wal I pri nt er PPALBFBST BEEY SYBBBEY ™ Br i nti ng el ements 300 to forma
1600 dpi pagewi dth duplex.printer. This printer sinmultaneously prints cyan,
magenta, 20 yell ow%l%qﬁ%iﬁ{eﬁﬂpdnﬂtﬁrar ed inks as well as paper conditioner
and ink fixative, T&le prli E&I]I ng el ement 300 is approximately 110 m crons
long by 32 nicrons W&y of these printing el ements are formed on a
silicon substrate 301 that incorporates CMOS |ogic, data transfer, timng,
and drive circuits ?%‘%ng?{ \‘Kﬁ?). Maj or el enents of the printing el ement 300
are the\5 nozzle 302, .the nozzle rim 303, the 25 nozzle chamber 304, the
fluidi @ seal 308, th& P&%hannel rim 306, the |ever arm 307, the active
actuat or beam pair 308, the passive actuator beam pair 309, the active
actuator anchor 3101°%¥ PR ¥8ssive actuator anchor 311, and the ink inlet
312. The active actuator beampair 308 is mechanically joined to the

passi ve actuator® bedMP'PERU9H at the join 319. Both beans pairs are
anchored at their respective.anchor points 310 and 30 311. The conbi nation
of el enents 308," 30%° g’fé?“tgﬁ'ltf“gand 319 forma cantilevered el ectrot her mal
20 MAY 2005 NPS028 :27-. bend gctuator 320. Figure 18 shows a small part of
an array of printin8PERNE*400, including a cross section 315 of a
printi el ement 300. The cr(g)s;l s_e%{i on, 315 is shown w thout ink, to

cleary show tHe i fEutareays doyble sided prpting o ¢ hr ough the silicon wafer 301.
5 Figures 19(a), 19 8‘2‘ anfg 1%&0) show t he operating cycle of a MenjetTM
printing el ement’ PRt IR B%H(a) shows the qui escent position of the ink
meni scus 316 prior ﬁP? gore’ignting an ink droplet. Ink is retained in the
nozzl e chamber By stit¥ TPRSEPRIK™at t he i nk neniscus 316 and at the
fluidic seal 305 formed between the nozzl e chamber 304 and the ink channel
rim306. 10 Wi I'e? PNt wgimet lyﬁV?‘HPlﬁéﬁﬁF“‘@I%m&P%Yc‘@F i‘l}‘%)ftﬁ‘?sgﬁlfairf}ﬁﬁ“é‘é?sdat a
fromthe print E‘%?i ng controller to th% correct printing elenment, |atches
the data, and buff gRleRsedugtn o pintrs Wéthithese chtradteristitfe Shegaresenf anphennhbis ve
act uatiy hramedainew3Rht tebhhcdoggAkFRRAan a8 INEGH e @dcm%g@.emem%&rmﬁsasdm%%ﬁ_ough
t he beam pair 308 for about one m crosecond, resulting in Joul e hea

1 Ng.
The terrpef"élf‘ﬂ’tde inkjet technology that incorporates pagewidth printheads fabricated usingg

microeleciromechanical systems (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,

20  yellow, black, and infrared inks as well as paper conditioner and ink fixative.

The printing element 300 is approximately 110 microns long by 32 microns wide. Arrays
of these printing elements are formed on a silicon substrate 301 that incorporates CMOS logic, data

transfer, timing, and drive circuits (not shown).

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

passive actuator anchor 311, and the ink inlet 312.

The active actuator beam pair 308 is mechanically joined to the passive actuator beam
pair 309 at the join 319. Both beams pairs are anchored at their respective anchor points 310 and

30 311. The combination of elements 308, 309, 310, 311, and 319 form a cantilevered electrothermal




increase resulting fromJoul e heating causes the beam pair 308 to expand.
As the passive actuator 15 beampair 309 is not heated, it doeg gy mg¥nd,
resul ting stress difference between the two beampairs. This stress
difference 1's partially resolved by the cantil evered end of the

el ectrothermal bend actuator 320 bendipg-towards the substrate 301. The

| ever arm 307 transmts this novenent to the nozzle chanber 304. The
nozzl e ch ves about two microns to the position shown in Figure
19(b). Th%ggﬁﬁgggﬁggg the ink pressure, forcing ink 321 out of the nozzle

302, d 20 Kk 316
an Causf*l tl?%h&v& ﬁ%lrgé‘“ Ef?rl’l 3t anlarr:%fo fgpracr elemfexhts 96{% 1?cl%dén%? RS

prevents the ink hi SEUS m ~spreadin
nozzl e chaedtien 3BD4f a pdntitdelehen3es. dthe nesmectidneslﬁwsmmwmmthmﬁﬁ)ﬂc, rdkad) Show

I , 20 i nal ition. Thi ids i
s B | S et
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charbery 55, show, L By 0t S R AR IR LA

segnent ofio@ printhead 350. In a netpage prlnter, the length of the

printhead is the full width of the paper (typically 210 nm in the

direction 351. m@rsegmnbwsmemescm pﬁhiﬁbnfﬁﬁ’ﬂie@ﬂﬂﬂnérﬁﬁﬁ@ﬂﬂ16@1’181°/fb(pf‘mt&1gfhﬁﬁmd ete
ri nt head rinti the ved ast fixed printhead in

e ar acHioglet o R e et AR Eers, U SRR b b i rhcaisets 206 i fhify

el ement's I3@GRN,30p frtd Bugwéch €heSioxzl€ camibsr 308 atid/fe mk@hanhelkinssgapl i ed by t he

ink inlets 312. To protect the fragile surface of the printhead during

oper atfifon, a nozZ®hix gikaing, mf;mm:%ﬁi)cM% airduatghéetribaed hﬂa Fffohﬂﬂ‘llagﬁﬁt ls&giﬁet rate
301. For each,nozzle 302 there i correspondgi ng z ar o]l e 331
Do ough wEPEIPRE I eSpe i alice sRmor THes T e daf ule NEgat do Jaks ool s
331 20 MA¥e2edes 3NPSORR acBie adiiiaeh tha@ogsirTsbITaR l@aalsebym @&a@lﬁatfduheﬁt&oqfassot her
debri s, fllté}dﬁ air §| ﬁthrouhthe air _jnlet 332 and out of the
nozzl e gufier %%eaﬁmaffﬁﬁ Ea‘q‘i Pyt 9ge "SB“rOé@’e‘ﬁ%““f“ﬁR“ Iople hesing dbs/femgeratfre
nozzl e giRkdsd I%Slﬁlﬁ%l fBesin Wutd 1R afinpecaldeh Me@earh Hait 0Lto ckpdhd TREtHBBERAB BtPRE: 5
The acti vs sensin evi ce of the netpage systemis typically a pen 101,

whi ch, 1%us PFEP P15 30%setkratedcib Apssdiof e%pa&chztesult@g b ét“tsé dt,f%rﬁne& Retwera thetde | R

posi tion ba@spdifsOMidstRAABIMbiRe X pakHRY CesolS &N the cahiRviBRER of BRERLtrdtferRal
solid-state device zhOVIded with an appropriate filter to permt sensing

at only néend-achetop s dhbending tesvagdsiibe sukstrae il TheleverrmpgP e transmits thivapeiment he

system i siAfletobfe BRIRE 30N EMRe nble@b]ﬁtﬂb@r L100 ﬁ%E abbut Wvb il BB RURE 36&HonANd
the pen is able to sense tags at a sufficient 10 rate to capture human

handwr i t i AP in iguge 19800 Thip ncespsey thednlepregsute. foodng-ink 821 puiof GeyozalmiQs enet i on
capt ured ByushBen R eﬁlsaia%x% %ﬁllgér'@e%mé ARSIoY drdvRRS Wetih® thehi %Js *336 ﬂroinnt e

(OI’ base station Lptgrlnter ase station Interpreting t

respect t él?rtf‘%ﬁléig(am@@‘wm greof tprnozilechamberi045 er r ed
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

25 tension at the meniscus 316.

Figure 20 shows a segment of a printhead 350. Ina netpage printer, the length of the
printhead is the full width of the paper (typically 210 mm) in the direction 351. The segment shown
is 0.4 mm long (about 0.2% of a complete printhead). When printing, the paper is moved past the
fixed prinfhead in the direction 352. The printhead has 6 rows of interdigitated printing elements

30 300, printing the six colors or types of ink supplied by the ink inlets 312.

To protect the fragile surface of the printhead during operation, a nozzle guard wafer 330
is attached to the printhead substrate 301. For each nozzle 302 there is a corresponding nozzle

guard hole 331 through which the ink droplets are fired. To prevent the nozzle guard holes 331




enbodi nent, transmtting the information to a netpage server for
interpretation. The preferred enbodi nent of the netpage pen opgmaAeS2degt h
as a markipg.d nk pen and as 15 a non-marking stylus. The marking aspect,
however, is not necessary for using the netpage system as a browsing
system such as when it is used as an Ipgernet interface. Each netpage pen
is registered wwth the netpage system and has a unique pen ID 61. Figure

23 shows ' reflectj ng pen-r.el at i nformation
i nt ai med OBy REORAEFioRE oy B8 Bt ARGl BRSSP BB e B
ei t her ni B32 and out oDkt actzlengubhil teles @ippzg@inting opesvedicihle B2 fias diyig, the Sibzleon
and orient a@ion lrdelﬁfeitt\{ee & ertlshgglepage. The nib is attached to a force
sensor, afd the 1orce on PR DS s interpreted relative to a threshold to
i ndi cate t her. tt}@%tggge i:,g%"up" or "down". This allows a interactive

e e I

el enment on"the ;H'ge i cked' by pressing with the pen nib, in order

to request, say,Theianiversemsingoievice ofmha netpigasydtem Fsuypitediyninge 101, Rehidho i@y itss
captured as, a continuous,valye . to allow, . s 25.the fyll dynanics .of a

c b hat ur e CERHEP PRI SR 1 Sofis ARl I P addnes i EbtEerl % meed
speci fi ed setk@t Qe Whhgehsehsbr 3¢ @ abRd-sthth adevicd proviiod REhl 30 applpried fke o \Werndii NQ.
To "click" the user applies a force sufficient to the nib. This may
provi de. mOTEIE AT BAR R SAXSHES ATISSERY S Aeal PRyt SSids FRIEH by a
non- Envi NgenBdé b/h%nTih_e nbeis irflednk fﬁvglgﬁneﬁhﬂ‘@cﬁfaﬁidtthﬁﬁbnaﬁldb]@'td QiéeAthisOn anifSiézfeﬁtf ni E
on t net page [ ing, .in, t infrared spectrum an area .of the
page ﬁr? tfée%‘@ipﬁ’fet GF"%\“%%H%WW“&(”FT“ 3@9: ¥ gter gt | W Hz o faster frmatinn es
the positcaued bf R ftnlls eRlrpiddvamdt Wirdi&ely ttRdsrhitt@Nid 18 pARSE (of BhsePRARRL G Ve
distortion on the inpaged tg_g and t he known geonetry of the pen optics.

Al t hough PHECTIaG YfiondatgIPIRIngG Heghtay Wit regegt thdle @ngﬁﬂag%@bdﬁ% rr¢feredag

density oOBmbdiEm&RAGRinkSittind MRS i8BHYatdh RPOddaBNRkvel Ror tMGpreRHoSi z€, the
adj usted position resolution is quite high, exceeding the m ninum

resol ution requithe@rdifed AEGHERER of the MAYa2 Q3R opdSORM a20markRAR S Peh laAlas

recognition. Pen actions relative to a netpage are captured as a series of
stroke®. Ang-parking:is Shemarking aspegly hewrver ot pepessaty sprsins haneass sisss on

the page, ad BigrbMifdsRknd sBENasIONE: RUE Wed2Ral BRRAR iR faclY EAdREncRIARS g@ﬁl%ﬂt
pen-up event. A stroke is also ta(ggaed wth the page ID 50 of the netpage 5
whenever fesstepulgeith the aptargsaystenniand bas aidme paw Al - Kigwre ghshoas dhesnetriage pan t he

commencengply @Lgr&rﬂ,ereﬂé&ﬁlg !ﬁ%n—reﬁﬁ&h inﬁﬁﬁlmemfﬁﬁﬁ?lg?%? %o%g&%aﬁ%h SREEET b9 Hhe826

associated wwth it, allowng the user to per paste operations
etc. The sepaenfvnrk s time-stanped to allow the systemto discard it after
a defined tine period. The current selection describes a region of a page
instad®e. 1t coréhent gjthen nif ist ihecontastt Wit ceratpagt.gtht alen jdetermsipesoite pesitrnusndd

through t Bg.RfRn '}aln%ité( ﬂletﬂagé. hﬁ\le tﬁﬂncig %&'ﬂgﬁjwa:{ f?)?ce%%ns’b{' Gnd the force on the nib is
interpreted relative to a threshold to indicate whether the pen is “up” or “down”. This allows a

interactive element on the page to be ‘clicked’ by pressing with the pen nib, in order to request, say,

information from a network. Furthermore, the force is captured as a continuous value to allow, say,

25  the fuil dynamics of a signature to be verified. The nib may be movable when subject to a specified

force which is greater than that normally applied when writing. To “click” the user applics a force

sufficient to move the nib. This may provide more desirable feedback to the user compared to that

provided by a non-moving nib.

The pen determines the position and orientation of its nib on the netpage by imaging, in

30 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




page. It is interpreted in an application-specific manner once it is

subm tted to an application via a selection hyperlink activabiggia pen
has a currgpt nib 824. This is the nib last notified by the pen to the
system In t%e case of the default netpage pen described above, either the
marking ink nib or the non-marking 15.gpylus nib is current. Each pen al so
has a current nib style 825. This is the nib style |ast associated with the

pen by an in response to the user selecting a color from
a pal ettehg#‘%hﬁlg%cgﬁllttm%nl b style is the nib style associated with the
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over ten Riledoe SyRHink@bdvansoUS handwiting. Wen the pen is once again
within range of a printer, it transfers any buffered digital ink. The

buf fer may provigheh paf ifs Qleukr@S Hib82h  Bis isGROEE ildsynoti®iBd Me 200R thdRSRRB 1w 30-
A pen can be registered with any nunber of PI‘I nters, but because "all state
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time. A preferred enbodi rrent of the pen is described in greater detall in
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20 Whenever the pen is within range of a printer with which it can communicate, the pen

slowly flashes its “online” LED. When the pen fails to decode a stroke relative to the page, it
momentarily activates its “error” LED. When the pen succeeds in decoding a stroke relative to the

page, it momentarily activates its “ok” LED.

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

online verification of signatures.

The pen is wireless and transmits digital ink to the netpage printer via a short-range radio
link. The transmitted digital ink is encrypted for privacy and security and packetized for efficient

transmission, but is always flushed on a pen-up event to ensure timely handling in the printer,

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

range of a printer, it transfers any buffered digital ink. The buffer may provide more or less buffer

capacity.




10 associated interactive element to be determ ned and an indication of the
rel ative positioning of the pen relative to the page to be obgpayagoose
indicating.data is transnmtted to the printer, where it resolves, via the
DNS, the page ID 50 of the stroke into the netvvork address of the netpage
page server 10 which naintains the corggspondi ng page instance 830. It
then transmts the stroke to the page server If the page was recently

identified in an t hen t rlnter e.the
address of the rlséﬁgi{/%ﬁll% ° 5 Sere(ﬁ"yl\t/heafnylnﬁl Y 83’&%’3 b“@%ﬁ“ﬁ@ﬁﬁ%& dlg"orﬁsé‘%lgt‘% of
a conpact nptpgees Hoayomtpapmlamﬂ ainnthel newvosk, Sit %ndrgel)bynmatétﬁlpﬂg&: pager 5eEelad
(see bel ow) . Trrﬁe pa %thaf%"“t .‘glf ers, to objects such as imges, fonts and
pi eces of Text, 5| ST PPEFEH Bi%enhere on the net page networ k. Wen the
page server recej ve ok romth n retri t.he

description to iC rre?ﬁ %‘{'P%Eghgﬁﬁﬂ ‘égesgﬁl?f’& "blgrte%t?r ef"i‘gl aﬁi 6@?618%‘?%}1 of

t he pade desendepd Fignret Beo Kk roke 20 intersects. It is then able to
interpret the stroke in the context of the type of the relevant elenment. A
"click" is typically a stroke where the distance and tinme between the pen
down positt? on dErPRAEINTERSETIOENt pen up position are both |ess than sone
smal | maxi num Al g?@@tprlnwb@lmeE&%ﬁEthYQ&tﬁg 1Y stfok€ ofnfihd Iyelﬂ' 192 Wh¥n {hggéﬁ [I'ﬁz

aclick to be activ accord g | onger stroke is ignore
failure ofs '&%@ﬁmé@tﬂi Vb‘ﬂ1 angtpage hd'ha cods éﬁp?ﬂf@b tagk 4 IStl‘eidrbefglilesnee whessit isndédcat ed

by the 25 agkui®ls hKSRENSicH 5@5‘%&&% PRNIR, alRfvs tﬁeEﬁentifpx\Pv\%g artﬁém%r }?ﬁ
net page i ncludes a button a "click can be registered e pen
down aift pesaciaipd igssactivoelement ¢o brodeteryinedh amd anhiadieation obthe trélative lpusitianing ofler e
are two k'p@ﬁ’?e]a?tre 'tcmﬂgtpaﬁl tg'ﬂgg)i)tam!f:@ ﬁ';e qg(#l&iﬁ?% dﬁ?%erra%ﬁ%& Pot t'hQ ?mgt?y R/%Erlelltnks

and form "firelds. Input thro form
activati omeselﬁ’e%ﬁlaébﬁsﬁblﬁa@e@agwlﬁ’eﬁﬂ dfrthe st@Be ilnwtht anéﬂtddrdSSOﬂthhygeagelpa@ is a

means of i I elicits
P nt ed Y g o RARASE kR Bl B Db N b B R R
hyper | i nk pageesvent. 18the pagtewmdsi rfweeﬁy ndaetlfmdph jag aarilexmtr?»ke Wieinahe Mndlrea/ already
activ o] f Ilnk |dent|f| he hyper | i nk
to thgitsapipliﬂlg Cﬂalf% ?{(ﬁ;lﬁespgiptﬁél' I g]iSt r serverl 1tsfcrache %/(\:E Ii;])agg 1151 (?hpf:%?

i nclude t ﬂﬁefomstﬂalhtslnaq)pérsletantlyolny ahmtpgel@gcﬁ&rvaﬁ (hd&ebehmpe’ﬂhei pﬁge aqtouwﬁfdrsam and
a descri sed en _the hyper corded as a favqrite
or appear §£JF(%S ﬁ\{uc\ﬂ A lmages Pgtsﬁ? s?%cfef/opt?ﬁ txﬁ‘yﬂ’é’ﬁ?"f‘ﬁ’lﬁigwg‘?’@ﬂ‘f &8 PR HFRGFam i s
shown in Figure act i ted e server sends a
request to an aﬁ |ncﬂé I?a(%e Sew%rﬁg&%esqge Sc'jrr?k? & tIW‘Jr1 m?hepa]%ﬂ’ﬂﬁ ‘i"é‘irfpé‘ﬂn fos
identifi edzhh:y tha s&rpll,:d Hp]ﬂlbs cmdldateeﬂmeamlchheem@ppiﬂ B8 tphgn ddsBiptnr@s Qlrvied 10
t he NGy, way. V. S. . Ther Ihree t of hyperl.inks: general
hyper [ nkéntﬁéts ffﬁgr “ﬁ’{? &5 Iofepmet dhescé’f’@%/ttpq% gﬁie FeR@nigioment s shown
in Figure 30.

A “click” is typically a stroke where the distance and time between the pen down
position and the subsequent pen up position are both less than some small maximum. An object
which is activated by a click typically requires a click to be activated, and accordingly, a longer
stroke is ignored. The failure of a pen action, such as a “sloppy” click, to register is indicated by the

25  Tlack of response from the pen’s “ok” LED. However, where a netpage includes a button a “click”
can be registered when both the pen down and pen up positions are both within the area of the

button.

There are two kinds of input elements in a netpage page description: hyperlinks and form

fields. Input through a form field can also trigger the activation of an associated hyperlink.

30 171 Hyperlinks
A hyperlink is a means of sending a message to a remote application, and typically elicits

a printed response in the netpage system.
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may sinply signal a preference to a server. A form hyperlinkoguaRitsogae
corresponq%zgl(g formto the application. A selection hyperlink submts the
current selection to the application. If the current selection contains a
singl e-word piece of text, for exanple,sfyhe application may return a
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Each o MOSLAAGRAS 4R o5hak WPl 1Ro PR ALLGAS 58 ADELARLp RS LAYRoLS
although if the hyperlink has its “submit delta” attribute set, only input since the last form

submission is included. The system includes an effective return path in all hyperlink activations.

A hyperlinked group 866 is a group element 838 which has an associated hyperlink, as

25  shown in Figure 31. When input occurs through any field element in the group, the hyperlink 844
associated with the group is activated. A hyperlinked group can be used to associate hyperlink
behavior with a ﬁéld such as a checkbox. It can also be used, in conjunction with the “submit delta”
attribute of a form hyperlink, to provide continuous input to an application. It can therefore be used

to support a “blackboard” interaction model, i.e. where input is captured and therefore shared as

30 soon as it occurs.

1.7.2 Forms
A form defines a collection of related input fields used to capture a related set of inputs

through one or more printed netpages. A form allows a user to submit one or more parameters to




submtted, void or expired. Aformis active when first printed. A form
becones frozen once it is 10 signed. A form becones subni ttedodiae sy Of
its subm %?%0% hyper|i nks has been activated, unless the hyperlink has its
"submt delta” attribute set. A form becones void when the user invokes a
void form reset formor duplicate formpage command. A form expires when
the time the formhas been active exceeds the formis specified lifetine.
VWhile the for cits acéwigve forminput is allowed. |Input through a form
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to be assigned to the field s value. A text field has an associ ated text
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recognition, and the text is assigned to the fie s value. Online
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in On-Line Handwiting Recognition”, |EEE Tranhsactions on ttern Anal ysis
and Machi rpoftnt el | i gence, Vol .12, No.8, August 1990, the contents of which
are herein incorporated by cross-reference). Specializations of text
fields include datlefonndistoeie prefdrailylassocintetl (g Pnaith ey foime lirgtahees depived from
associ ate e T =Y PP r I i | . . Any. digital
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respe@0 t tme periodjtolbneictugedfrorn heeaoner of the pen, and a digital signature
of the content of the formof which the field

' All input is captured as digital ink. Digital ink 873 consists of a set of time-stamped

stroke groups 874, each of which consists of a set of styled strokes 875. Each stroke consists of a
set of time-stamped pen positions 876, each of which also includes pen orientation and nib force.

The digital ink class diagram is shown in Figure 33.

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

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

30 to be assigned to the field’s value.

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

and the text is assigned to the field’s value. Online handwriting recognition is well-understood (see,
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Because the handwriting recognition algorithm works “online” (i.e. with access to the

dynamics of the pen movement), rather than “offline” (i.e. with access only to a bitmap of pen

20  markings), it can recognize run-on discretely-written characters with relatively high accuracy,
without a writer-dependent training phase. A writer-dependent model of handwriting is

automatically generated over time, however, and can be generated up-front if necessary,

Digital ink, as already stated, consists of a sequence of strokes. Any stroke which starts

in a particular element’s zone is appended to that element’s digital ink stream, ready for

25 interpretation. Any stroke not appended to an object’s digital ink stream is appended to the
background field’s digital ink stream.

Digital ink captured in the background field is interpreted as a selection gesture.
Circumscription of one or more objects is generally interpreted as a selection of the circumscribed

objects, although the actual interpretation is application-specific.

30 Table 2 summarizes these various pen interactions with a netpage.

Table 2 - Summary of pen interactions with a netpage
| Object | Type | Peninput | Action
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Figure 38 shows a flowchart of the process of handling pen input relative to a netpage.

15

The process consists of receiving (at 834) 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 §92) the

received stroke to the digital ink of the field value 871, interpreting (at 893) the accumulated digital

20

ink of the field, and determining (at 894) whether the field is part of a hyperlinked group 866 and if

so activating (at 895) the associated hyperlink; alternatively determining (at 889) whether the

formatted element corresponds to a hyperlink element and if so activating (at 895) the

corresponding hyperlink; alternatively, in the absence of an input field or hyperlink, appending (at
890) the received stroke to the digital ink of the background field 833; and copying (at 891) the

25

SCIVET.

received stroke to the current selection 826 of the current pen, as maintained by the registration

Figure 38a shows a detailed flowchart of step 893 in the process shown in Figure 38,




digital ink represents a checkmark, and if so assigning (at 898) a true
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conputer text, with the help of the appropriate registration server, and
assigning (at 901) the converted conpuggr. text to the field val ue;
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-36- dupl it F'éreg ge command is interpreted as a duplicate formcommand. A

m"ra}nd ) . . . .
reset Z%age co 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
25 form instance with field values discarded. The copy contains the same hyperlink transaction IDs as
the original. 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
30  involved in producing a new form instance. A button requesting a new form instance is therefore

typically implemented as a hyperlink.

A duplicate page command produces a printed copy of the corresponding page instance

with the background field value preserved. If the page contains a form or is part of a form, then the
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of a forntpgggn the reset page conmand is interpreted as a reset form
comand page status command produces a printed report on the 5
status of the correspondi ng page instangg,. including who published it, when
it was printed for whomit was printed, and the status of any forns it
contains qr

I s, part of e .net | o ears, on eve net pa is
couat !y aduriePREt okl BRIEGRE S Bt RlechiRBRRAT ok st e dgmimant
i npl ement gkddacesof pmtted icopyeatt ihercorrpeintivg pa@einitittt arie the Sbatlkypdun€ ek vithd h
field val es r v fiel.d vaglues are printed i O their native form
i.e. a ch fﬁ@?ﬁﬁfl‘ﬁ&tﬁ% coniains & dargy or i e"ﬁ’geiﬁ&?%% dg‘?i‘p P deseh pdper opmagsh fbar s
as t ypes @iterpied as @Msyt AR vbi@sndAN Gepage stk e@n}ﬁzﬁﬂ%dubé% al fmited réfoktdnRd
form 3%th a signat ure referabl acconpani or. alterpatively

repl ac [5§20us T Jh<, s rng @P%B?ﬁecmgltﬂt?ﬁc’éffll Eﬁ (?ééésh‘iﬂ lt’si"”gfﬁ‘a‘tt dfag printed, for

verificat memlmﬁtwhtea%etut@.fauﬁeatnyq@mmmnﬁrn@dy@emaf printed copy of the
correspondi ng docunment 15 instance with background field val ues preserved.

| f the docunent H@%@hﬁﬁoﬁﬁﬁh&l@ﬁﬂﬁmsbﬂ@%r} h&pagd WPbsu B! RsdRfd FBIMta &HMTRN
duplicates the forns int sanme a duplicate formcomand does. A

reset doc@AEReMEBhiPHi ?ﬁ@d@@?mﬁﬁﬂﬁmﬁfgﬁ‘@@Evﬂbf t he correspondi ng
docunent instance wth background field values discarded. |If the docunent
contains any f orken atlﬁ‘g‘hmﬁtﬁ‘é:eﬁ%@@tlcate&dﬁﬁ'@ﬂﬂv%ﬁﬂ‘ﬁweﬁe@eé@ alyes arefpsipted in n

the safte Ve mtivefph, {0hPhERMIRNPPASES 2 Aarfifld AEGKHIBNEraphtl, 2hPleWSappeiRNd
produces a printed r &ort on the status of the corresponding docunent

i nst ance, YPRfEfett Rty FBe pigrabires appeaniethelr erigipad fosm; witloy sigragie pisbrmbit  was
printed, ﬂ%ﬂﬁ)glﬁetﬁg)atoy%lt%atﬁ refifciBy] 4 stﬁﬁtﬂfc?—%x@ ic tddichfify RAASFAN;MGure
comand' s "on selected" attribute inset, then The command operates  on the
page |denﬁﬁﬂ?€ﬂmby the pen's current sel ection rather than on the page
containing the 25 command. This allows a nenu of page server conmands to
be printed. |f théurligateydecupspfeconpunhprodusent aiimedcopy gethe e@rtﬁemonémm@ent

el enenfg f q}fstah&ewgﬁ%hcgcﬁ%hﬁﬂ fid9&nRe Bfé@éwéaomgqocmﬁpcé Bhs 49" gtHbI? the

i gnored. An application can provide apgwncatlon speC|P‘ hahdl ng y
enbeddi ng duplisate slopumant cpyagand duplisptes tee ih &F sppntvay p daplhp}peﬂom Riegagh oup.
The page SEIY&lesdlddodiAn? Sorhhd VRREL: HinRT 368 RURS n§%oxtti.t acclifier? RGN Nked
group rather than executing t page server ommang age server conmand
el ement i ¥ithi dhdiegrounfl figld valupsd disertdedt 1ff th idogument settaing\ ahy dden, tleonthanaket

el ement d can e activated
directly g&ﬁmﬁ&tcc}n@n\éﬁ? ?e@eté {r%?li’ rrcr)lé\e ﬂgt%e 9%%%%58@?0 chlméaa%d"' &gs 2\ %e?%ocument
comma®d embend derdman iaordhm‘:s‘ epenxitd Eage on e dtdvast of2Be Ws;ﬁﬁiﬂ)ﬁg dbdﬁlﬁféﬁl&nst&ﬂ:e

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

25 command. This allows a menu of page server commands to be printed. If the target page doesn’t
contain a page server command element for the designated page server command, then the

command is ignored.

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

30  with the hyperlinked group rather than executing the page server command.

A page server command element is hidden if its “hidden” attribute is set. A hidden
command element does not have an input zone on a page and so cannot be activated directly by a

user. It can, however, be activated via a page server command embedded in a different page, if that




page server command has its "on selected" attribute set. 1.8 STANDARD
FEATURES OF NETPAGES In the preferred form each netpage is pbpiAY 24050
t he net pa%ﬁsoEQQO at the bottomto indicate that it is a netpage and
therefore haS interactive properties. The |logo also acts as a copy 5
button. In nost cases "clicking" the | ogp-produces a copy of the page. In
the case of a form the button produces a copy of the entire form And in
the case gl A SECURE.OPEUTERL, RUER Afphclhcket or coupon, the button
elicits ah %xplivana ory note or advertising page. The default single-page
copy function is handled directly by the rel evant netpage page server.

Speci al c fu | i nking the logo button to an
applicati gﬁy 10'%5&588@&&%&&%%@%5@%&?%# a preferred enbodi ment, the netpage
printer has a silhdRePBEred formassh dgiPagseis Printedyndth thy neteagedogq atethy bptfam fo
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hi er ar chi gakonTH4Res 2ARBpP OIS SheidS R NELd IR HRRAR 0P Y S4BT docubitit, dRAUEB Bket or
function menu i ncludes the follow ng functions: 20 print a copy of a
docunent coypeprike butten eligifts anpprplagatory npiromadysEtisipg Pagfe st at us of a document A
docunent function is initiated by sinply pressing the button and then
touchi ng any pade dsfaukt siaglgwegmenny furrfien isthandled difectly gp shervelsyant pefpazgpage who
publ i shed giberadld MNPy ihOiotb H8nbddicdd RS ¢ HENAb RSk to 3R SpdiiCaitgom and when
it was subsequently submtted as a form %’he net page network directory
allows the user to navigate the hierarchy of publications and services on
t he nefowonkg As ErHdLBISYaEEnre. the user can call the netpage network "900"

nunber "yel |l ow.pages” and,speak to hunma erat or he _.oper. [, n
focate the des! Pha SETGRESHRE $nfedPns PRa gl LAl RREL HBEER Ry ng
on t he doetesedft eliyipe, sidghepapaidi] infotrettioprindlitngiser pays the 30 small "yel | ow
pages" service fee. 20 MAY 2005 NPS028 -38- The hel p page is obviously

unavail abl e i f tehe ptatunb&printes coimadiloa to print. In this case the "error"
light is |it and the user can request renote diagnosis over the network.

. status of printer consurnables
15 »  top-level help menu
. document function menu

. top-level netpage network directory
The help menu provides a hierarchical manual on how to use the netpage system.
The document function menu includes the following functions:
20 . print a copy of a document
. print a clean copy of a form
. prinf therstatus of a document

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

25  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 “300” 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

30  small “yellow pages™ service fee.



2. PERSONALI ZED PUBLI CATION MODEL In the foll ow ng description, news is
used as a canonical publication exanple to illustrate 5 persopaiayadoo
nechani smg énﬂ the netpage system Al though news is often used in the
limted sense of newspaper and newsmagazi ne news, the intended scope in
the present context is wider. In the neggage system the editorial content
and the advertising content of a news publication are personal i zed usi ng
di fferent nmecha The. & ersonal i.zed ceor di to
the reader's exghl%gll% RSt %lvlgu Hnavg?ﬁbie ‘?hef T rel?te%ttﬁlﬁrc%ﬁeiqﬁee. |
The adver t“i:mcirﬁgghtlﬂltcamchﬁlenser %11} rp@xest@mxbte maghoalsomrtthengtvtod(.t he reader's

| ocal ity and denographic. 2.1 ED TORI AL PERSONALI ZATI ON A subscri ber can
draw on two kinds of news sources: those that deliver news publications,
and those2t hat RERSONALIZEMBUBLICATIOMOMEL | e news publications are aggregated
and edited by t1h EhelTbiR Wi @hseripRENYShews rs@msawmaﬂgr;ﬁg@&aﬂ&l SlatnPRlio MstBrr1ens
publ i shq_er or é a specialized 15 news agg at or publ i cations

typi cald y PESPIREZNEM drephnispg dn ﬁh%magﬁéwgﬂhpﬂgﬂ@u%ﬁpwméwﬁ%wﬁ ipdle limHed o

news stregfRe ERwASPIRAY néWishayBieGivs, e ihidiMed Q&\ﬁfe‘ irf tREpkedch O Rx 1S WRler.
service, a cartoon strlp, a freelance witer's colum, a friend s bulletin

board, or the reaadgs nSpMiNsyeremMle! editbhf HteRAIR ﬁiébidv&ﬁglhgraoﬁﬁ{tv&ra aspports
t he pubI i cation of edi Fed news publications as wel | as the aggregation

of nul ti piPeblisatign are mempRalizal utingh differegt machanigyy. eH‘@t qd&mlﬁmnﬁ@n@@eﬁn@ahzed
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able to place advertising on es over It otherw se has no

edi t orfiCal celﬁmtpscﬂersoqahéedsagbﬁyélngtsetge mﬂelraiocahtmalild demegmplgaper by sel ecting one
or nore contributing news publications, and creating a personalized
version of each._ The resulting daily ed|t| ons are printed 25 and bound

t oget her 2t o a ERITRRIAL PRRIONAHEATIONhe vari ous members of a househol d
typically expr ess :mb@nberdcafnf émenbn itwb ekindst sf apws tsamtas tinge Skiteddliverg news

di fferent [ [ nd then customi.zin them For each

publ + cat 1 BEIepiReS e b AT e et s MEUE Py oot e BEReL e § ons
appear daedh;ed byiliel @bbsthhle ROwESNRaAY ardvBgicdovted Tifter Bk heywmensihem- b\eapdcaddizal from

The Nel Yor k Ti nes onlin for exanple, include " (? e One Plus",
"Nat i oral %S %fé%%. i PubHegyiysi iically Bioupopaad Ao duh 8@}%.@5@1}@5 and

"Technol Ogywsma@ es,SPKile fews stbgnsSedn 1 mayadndalatied: SCGhIORSWS food Bem £ hewd 0 @
publication,. as |s t he, de%a |t subset. 20 NAY 2005 ~NPS028 -39- The reader

can ext en®Vie 2§afqyP SHigns Fe ByeE s eclpmh g feiendisdmlietindiopigngr thesgader’ s pun -
drawi ng omagny nunber of news streanms. Custom sections mght be created for
e-mail and friends'

The netpage publication server supports the publication of edited news publications as
20 well as the aggregation of multiple news streams. By handling the aggregation and hence the
formatting of news streams selected directly by the reader, the server is able to place advertising on

pages over which it otherwise has no editorial control.

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

publications, and creating a personalized version of each. The resulting daily editions are printed

25  and bound together into a single newspaper. The various members of 2 houschold typically express

their different interests and tastes by selecting different daily publications and then customizing
them.

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

appear daily, while others appear weekly. The daily sections available from The New York Times

30  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.




announcenents ("Personal "), or for nonitoring news feeds for specific
topics ("Alerts" or "Cdippings"). 5 For each section, the reagqyAy 2005
optional I y.spgcifies its size, either qualitatively (e.g. short, nedium

or long), or nunerically (i.e. as alimt on its nunber of pages), and the
desired proportion of advertising, eitBgr qualitatively (e.g. high,

normal, |l ow, none), or nunerically (i.e. as a percent age%}. The readelr al so
optionally expr e f u r of shorter articles or
10 o omal | mumbertopafto bt SRl bl fneRlrdF oD FBhe ol Bhg Sl L S s
edi t ed) i Ardvanghomsdnymumbercf nowgstrefros. Cmstbn ssuippomight b scamddbes-aait and ﬂ&mdﬁ’ ]
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and adul t sClipgngsilons. The appropriate version is selected according to the
reader's age. The reader can specify a "reading age" which 15 takes
precedénce over Rdneadh soitimhpte calleragaonallpapeifies it eize, whtharhyuntitkierelye gashort,
section are .sel ected and pri ri.tizedl. b.¥ t he %&Jitofrs, and, ~each |s assigned
2 usef ol MPRE Fitosig ot upRoall (e i ol wpgiPee hpatcsl pid o Bt proportion
subscri bew$ adventisingy; icithért yuatitatlesly (spbhight nértmals 18R L nERN S AldrRaliyn (s a
subscri bers' ditions. In sections where it is appropriate, the reader may
optional | )Veré?[garﬁe col l aborative 20 filtering. This is then iapp\INihedht 0
articles which ve sufficieptly long lifetine. Each article iC
qualifies for cgﬁfé?g?rﬁhjﬁoygnﬂam %’pr‘ﬁﬁesgé’m&rfq‘f? g‘g Wﬁ%”ﬂ“&l"f At PBREs St t he
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and "disliked ), making it nore likely that readers wll bother to rate
the arti clf‘é'msfiistuf’%clrbté“ HWFgh priorities and short lifetimes are ;
therefore effectjvely considered. 25 esgsentjal. reading by the editors an
are delivered t "rr't')‘g'%/le Y g rite Wit ey 5‘5?"8). In g“F”&a"&@%“&%? atsh theyexeprted £ es
a ser endi pophjstitzaieh of the Glalldrfor Euambieti@proviak YhikieenG andladuls’ WRionk. ThS WpRbprae Me)
or nunerically. A high ser_endit%it factor |lowers the threshold used for

mat chi ng V?falP%/ ﬁ&gsemeﬁélﬁw%% {re Fir%/afi%‘rﬁ 385- The wepdsr camydnegify prateading peeypyhich

i kel vist haﬂ(egﬁ&eaakémpm@gibnm)g&gpggg_on will be filled to the reader's
specified capacity. A different serendipity factor can be specified for 30

different days ofiecthRicémbich nTdR€ up eRHGERh 2R LRECOR pribrisRRANy thestiboRPhfkS Of
particular interest wwthin a section d this nodifies thé priorities

an
assi gned BiFhtin@ssigmed grusefublifeime: Bydsfaulpsyage deliyeredie ali gelevanbsubstriberseinder ' s

I nternet gROMG6IdeR Bubidct BGhate LHRAHBM iht YubdRBeQUiidny at which inmages can
be delivered. The reader optionally specifies a preference for fewer inages

or smaller In sections where it is appropriate, the reader may optionally enable collaborative
20 filtering. This is then applied to articles which have a sufficiently long lifetime. Each article which
qualifies for collaborative filtering is printed with rating buttons at the end of the article. The

buttons can provide an easy choice (e.g. “liked” and “disliked’), making it more likely that readers

will bother to rate the article.

Articles with high priorities and short lifetimes are therefore effectively considered

25  cssential reading by the editors and are delivered to most relevant subscribers.

The reader optionally specifies a serendipity factor, either qualitatively (e.g. do or don’t
surprise me), or numerically. A high serendipity factor lowers the threshold used for matching
during collaborative filtering. A high factor makes it more likely that the corresponding section will
be filled to the reader’s specified capacity. A different serendipity factor can be specified for

30  different days of the week.

The reader also optionally specifies topics of particular interest within a section, and this

modifies the priorities assigned by the editors.




i mges or both. If the nunber or size of inmages is not reduced, then inmages
may be delivered at lower quality (i.e. at |lower resolution opmaY™R005
greater c 0rzgssi on). Alternatively all three of the 5 quantity, size and
quality of Tnages delivered my be adjusted. At a gl obal l|evel, the reader
specifies how quantities, dates, tinmes.3pd nonetary values are |ocalized.
Thi s invol ves specifying whether units are inperial or netric, a local tine
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editorial content to an 20 advertiser (and therefore to the publisher) lies

in itsigability tm @bdceeinkFifGeuliisTaRks bPhodreaeehs (W felder btnkilydptcifies a
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denogr aphistobal nrefergnae; for 2 dsges pressigtion Roth fext gnd;igages arg tcaled pocgrlingly; @ad less

retail erSirﬂglﬁ]aﬁo@@chaﬁﬁﬂohﬁbﬂ@H’eai;}[l%%&estS and concerns associated with the
| ocal community and environnent. nogr aphi cs determ ne general interests
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page area avallable for advertising. In the netpage system theé netpage

publication server conputes the approximate nulti- 30 dimensional size of a
publicati e s Sdmhhgl_néd.&m_l?ﬁhﬁAﬁﬂ?ﬁﬁg@lﬁh@ per-section basis, . t aki ng
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reader shi p, the si of éach readet sec
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Effective advertising is placed on the basis of locality and demographics. Locality
determines proximity to particular services, retailers etc., and particular interests and concerns
associated with the local community and environment. Demographics determine general interests

25  and preoccupations as well as likely spending patterns.

A news publisher’s most profitable product is advertising “space”, a multi-dimensional
entity determined by the publication’s geographic coverage, the size of its readership, its readership

demographics, and the page area available for advertising.

In the netpage system, the netpage publication server computes the approximate multi-
30 dimensional size of a publication’s saleable advertising space on a per-section basis, taking into
account the publication’s geographic coverage, the section’s readership, the size of each reader’s

section edition, each reader’s advertising proportion, and each reader’s demographic.




to be sold at closer to its true value. For exanple, the sane advertising
"slot" can be sold in varying proportions to several 5 adverbpgAy 2005 h
i ndi vi dual ggaders' pages randomy receiving the adverti senent of one

. NPS028 . .
advertiser ~Or another, overall preserving the proportion of space sold to
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space is more complex. While ignoring the full complexities of negotiations between advertisers,

20 advertising aggregators and publishers, the preferred form of the netpage system provides some
automated support for these negotiations, including support for automated auctions of advertising

space. Automation is particularly desirable for the placement of advertisements which generate

small amounts of income, such as small or highly localized advertisements.

Once placement has been negotiated, the aggregator captures and edits the advertisement
25  and records it on a netpage ad server. Correspondingly, the publisher records the ad placement on
the relevant netpage publication server. When the netpage publication server lays out each user’s

persohalized publication, it picks the relevant advertisements from the netpage ad server.

2.3 USER PROFILES

2341 Information Filtering
30 The personalization of news and other publications relies on an assortment of user-

specific profile information, including:

. publication customizations




presentation preferences The custom zation of a publication is typically
publication-specific, and so the 5 custom zation infornationspygA% Ity ned
by the reINgglog{n net page publication server. A collaborative filtering
vector consists of the user's ratings of a nunber of news itens. It is
used to correlate different users' integgsts for the purposes of making
recomendati ons. Although there are benefits to maintaining a single

col I aborative fil te%lﬁ%?r\éﬁ\?etfﬁ{erih ge%goﬁsnd_ent! y of any particular _
publication, there are two reasons y it is nore practical to nmaintain a
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publ i cdt i omst@giration infdrmafionis agintadet dy ks, relevant nethapgpubdicaion sérveeet address, ZIP

Code, state, country, tel ephone nunbers, are global by nature, and are
mai nt ai ned by a Aedlpbgetivedficaihg adctod norsRts\wEithe uUStr&sSatinga tof @ Aupbee o€ nendems.

i ncl udi ng. those for antities, dates and tines, are |ikew se | obal and
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of such 2HileRfto iRt th Prescn@ @Y detst SdiRBore@dR MRrit@vgRtad pal of e vilassiSts®lantihe

denogr aphi ¢ assofcoipat ed with the user's ZIP or ZIP+4 Code. Each, user, pen,

printer, AapplolReatoresh elsraiic Sellahoerting SHtering Yesiors e aessfais o mangingd Bnithfue

identifi eq-ele‘@ﬁgqlefpla%ﬁgﬁ&ﬁglese;@gi stration server maintains the rel ationships
between them as shown in Figures 21, 22, 23 and 24. For registration

pur posiss, a publdsnaber ddisisa irﬁﬁﬁﬁi'fgaﬁmﬂéi BekcPlaa@BR] ZEBTLAN) stadD BhifMl g&ép-hoﬁ:nd a
e

publication js a special kind of application. Each user 800 nay

aut hor i zedWPerry g Habg! byuiies antarpmpintaiicd bppctpags celsiatipnseveit er - may al | ow
any nunber of users to use it. Each user has a single default printer (at
66), to whi ch 2d@rweaixnoselexpmyoigeluding those fosdjuantition dafes @ad tigsy aag Bkewise

del i ver ed oR¥a1dgS AlintaincWil thstanRRaggs printed on demand are delivered to the
printer tﬁrough which the user iS5 interacting. The server keeps track of

whi ch publ i shersri@ [H&SEation of advertising relies on the locality indicated in the user’s contact
20  details, while the targeting of advertising relies on personal information such as date of birth,
gender, marital status, income, profession, education, or qualitative derivatives such as age range

and income range.

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

ZIP or ZIP+4 Code.

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

30  provider, and a publication is a special kind of application.

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

may allow any number of users to use it. Each user has a single default printer (at 66), to which



has authorized to print to the user's default printer. A publisher does not
record the ID of any particular printer, but instead resol veggtmgyl@(}@en
it is req%'gé)géi 5 When a user subscribes 808 to a publication 807, the
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Fi gure'® 41. 30 2Uhs netppgesyismy cqn cofleckipn belalk of ppipter erpuidery feppandcamessianyins t or y
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Each user also has a netpage account 820 which is used to accumulate micro-debits and

20  credits (such as those described in the preceding paragraph); contact details 815, including name,
address and telephone numbers; global preferences 816, including privacy, delivery and
localization settings; any number of biometric records 817, containing the user’s encoded signature

818, fingerprint 819 etc; a handwriting model 819 automaticaily maintained by the system; and

SET payment card accounts 821 with which e-commerce payments can be made.

25 23.2 Favorites List
A netpage user can maintain a list 922 of “favorites” - links to useful documents etc. on

the netpage network. The list is maintained by the system on the user’s behalf. It is organized as a
hierarchy of folders 924, a preferred embodiment of which is shown in the class diagram in Figure

41.

30 2.3.3 History List
The system preferably maintains a history list 929 on each user’s behalf, containing links

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



The net page publication server automatically |ays out the pages of each
user's personalized publication on a section-by-section basi$g pphycsygEost
advertiseq;aﬁ; are in the formof 5 pre-formatted rectangles, they are

pl aced on the page before the editorial content. The advertising ratio for
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encoded f @h iRhvidal pipks Withih ihcydbtiANaRNGe REM$HR HRPLithmSkPloRRIsOThd zhgorﬂﬁ{] Rage
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page | ayout. The shared inforimation consists of the objects to which the
page 1 ovipurselfgpefing repaire udi ng i mages, graphics, and pieces of text. A text
object contains fully-formatted text, preferably represented in the
Extensible 25 @ﬁk@éﬁ%ﬁéﬁg@tﬂﬁeﬂewm}forag@ HEprt llﬂéhléﬂg daxsiayl ass@tiated iimges and

Language Gighils, i9Rln 191&%%(&&@&419%%%&& aEQRUE RllesOVEr text formatting
i ndependently of the region into which the text is being set, which in

hi i< bei i _ : ,
this case 1s beifg eﬁ‘t’h@ﬂcﬁ@g, QXIUHIPQ tﬂe%f@&‘on_o}:lags 3 the &li)elcﬁ&{ 0 n%ﬂérﬁ%ggrg%n&

enmbedded | anguage codes to " enable automatic translation, a
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Vect or  GHapllowing Siga)ficiny depato-dagvdriatiofsor mat s may be used for text, inmages
and graphics. The layout itself consists of a series of placed i nage and
graphi c objects, linked textflow 20 MAY 2005 NPS028 -45- objects through
whi ch t ex#%bj e AOSUMENTFORARr | i nks and input fields as described above,

and wat er mark rGegé @Sdochin@a s llay ouf, it0R] sacdded dbrecrBLiBRBditaRMoh And pbkBte. The

| ayout uses a conpact
storage on the netpage network.

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

refers, including images, graphics, and pieces of text.

A text object contains fully-formatted text, preferably represented in the Extensible

25 Markup Language (XML) using the Extensible Stylesheet Language (XSL). XSL provides precise
control over text formatting independently of the region into which the text is being set, which in

this case is being provided by the layout. The text object contains embedded language codes to

enable automatic translation, and embedded hyphenation hints to aid with paragraph formatting,

An image object encodes an image, preferably in the JPEG 2000 wavelet-based
30 compressed image format. A graphic object encodes a 2D graphic, preferably in Scalable Vector
Graphics (SVG) format. Other formats may be used for text, images and graphics.

The layout itself consists of a series of placed image and graphic objects, linked textflow
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2.6

DOCUMENT DISTRIBUTION

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

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

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

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

document, and document instance.

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

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

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

20

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

poinfcast, 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 content. Other techniques for distributing the data may be used.

Once a printer has received all the objects to which its page layouts refer, the printer re-




NPS028 -46- creates the fully-popul ated | ayout and then rasterizes and

prints it. Under normal circunstances, the printer prints pag t t han
t hey can Rﬁagglivered. Assum ng a quarter of each page is co§§J@§§dﬁ@ﬁ

i mges, the average page has a size of |less than 400KB. The printer can
therefore hold in excess of 100 such pages in its internal 64MB nenory, 5
allowing for tenporary buffers etc. The printer prints at a rate of one

page per secongd. IS i.S ui,val ent to.400KB or .about 3Mdit of page data
er*secondrestinieiPistelifies B R B8 miitr huRbdlied race of page data
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COr r espon@kigted Fidd Efpagda@ldefiveryt bvebA6RadhalOBWEBR! IS printed, a printer can
produce an exact duplicate at any tinme by retrieving its page |ayouts and

cont ent sdf rom t Nevefi @hdey &Bﬁonﬂggﬁrcﬁlgﬁblﬁ%sa sao_h7as®heagwmtmm}vﬁm>§ p%%nitas
net page docunent i s request on denmand, it can be personalized an
del i ver ed%ﬁéﬁ thef, the vpe é“tf ﬁﬁﬁﬁweﬂgm He PIRSLTUERY belogrdbs piintersy 19lpagsakmal s no

shar edi(c 0Bt capd@ilyl iv&iMusted. "ade 20 directly to the requesting printer
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demand, it is NQowRRES TR priaeehs iReeall hentoty déb8 il MBI e M Prifte R AT NALNE to
net page formatting server which reformats it as a net page docunent. A
net page f dPKatEs A2 Juylticast wienit s oecrs. | Thernstege Byblisation: ssege thsteire @levon

server. Than®RtHadhit fqudBihi RONHBLME WhaSa kil RdaIRr of reqadsisQy fecliddLsNet
docunent formats, including Adobe's Portabl e 25 Docunent Format (PDF), and

Hyper t ext HEPR@pFUrali§ueye re-rmiicysts thecarisgprondiagsharedighivets- it can  make use of
the higher resolution of the printed page to present Wb an?gﬁ?ls in a
nul ti-cbl um  f dIFae, dogpment &5 prieds agiringss s Roduce) 3n gt dypticsfradti 20% | timp by

incl ude aldy ety iRFIESIaftuts@ad Eohtdnts HeRPhE RIdBR paga@Hest ed page. The user can
tune this behavior via a preference. The netpage formatting server mnakes

st andard net page behavior, including interactivity 30 and persistence,
avai | abl e 20n anyol-DeERRASDodoGENt, no matter what its origin and fornat.

It hides know e of .different, .docu t _f,or from bot .t(renga
printer and thee\gg npaa%eép aﬁ%g%ﬂ‘umg%tr”\’/léeﬁ‘,maeg&nﬁf’ aer@’ %ﬁ%n ee%?ésém%ge ﬁné“% Feﬁage
syst em f r emmliéhxhe eanwewsy. as Apetidilcal Adbvever, since there is no shared content, delivery is made

20  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

25 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
30  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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sensitive information, both in storage and in transit, and t iLcate
parties tgwgmgransaction. There are two cl asses of cryptograp%?qWéﬁwiﬁdé:

wi despread uSe: 5 secret-key cryptography and public-key cryptography. The
net page network uses both classes of cgyptography. Secret-key

crypt ography, also referred to as symretric cryptography, uses the sane key
to encrypt, and Q§§ﬁ%ﬂ§ a nessage. Two parties wi shing to exchange nessages
must first arrange {0 securely exchange the secret key. 10 Public-key
cryptography, also referred to as asymetric cryptography, uses two
encrypti on-keys. CRFEOBRAPHYeys are mathematically related in such a way that
any nessage enchiypbgdphyss ngd omproteetyseastiveonfoymation,dhedr iy ptoege asd ingrahdie ant her
key. One of .these ke i,s then .published ile the other is .kept private.
Tho publ i d RO REet Bes § fBont Tho® dCug el oL MR BUARY bl SRkl o

t he privatserstdyy cOpoerapincindpivbic-kesi agptodigphpubhe wetgagy netevorkessabeh chsseonf y be
15 decrypted usiﬁg the private key. Thus two parties can securely exchange
messages WPPHSEP™irst  having to exchange a secret key. To ensure that the
private key is sgecu it is normal for the holder of the private key to
Cehorate the key BRHEY BIHTEwIRAR PR S MmEEh cBlogtbl: Bt iFetpe Rty

di gital sitgeartypt end EbgphwineltigeoTwd petiesprishing @ ekehngeanessdgeaihast dird BOMZe RASh
of a messa ee?nd ﬁé}gn encr%gt the hash using the private key. 20 Anyone
can then \?gﬁ” X oxehanee he SO ¥ pt ed hash constitutes the "signature" of the

hol der, pf the prjvate key wth respect. to that particul ar nessage by
decryp1tq0ng t he eﬂﬁlﬁﬁvgﬁyear\g'ﬂ%?%p siaﬁg’ fHferreds fy 28 cﬁme%‘ﬁdcr?f@???@’?nd‘s?shg%ash
agai nst t kecryibaages. THe tWoeksisonamitiRmatcallppeladedntsac hewarssngey mekdagh t he
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et "1 ¢ hASTRIET ek G g e JegBied 159 theotsrdy p bR Plothihykeys 15 then
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prevents inpersonation. This is normally done using. certificates and
certificat® tgﬁ?‘ﬁ’&?‘i 3f; i privase kyy Cings enereplod AStg e 91!@?@ kevitt e8P R Barty
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identity. The certificate authority verifies the person's identity b?/
exami ni ng haYiggeRexehpngseiseraiiicy, Tosngure Hishthe pevatekey dnvecwe.ghis ngrmsf fr fhigiholder

certifi carogﬂ,ggmaaglgg%@(ggé@ﬁteggg Bai®, 1dentity 30 details and public key.
Anyone who trusts the certificafe authority can use the public key in the

certificate w t pgLdkGNerif8 &y tan Bers@ Bf Hedid@ldidital 5ZnARBUTREROIJRN @Y the!St
have to verify that the “certi ficate has indeed been Si gned by the
certifi caPevatkeysen eipatctkgawn pashiof @ meesped and viean|ongepilkpe. haph usissthe privatesleeyt i on
envi r gYTe NSoneRAR thén JeR¥y Hhd/ b QEFREY hdsh B tddSRA <& hafet LU rehd hlid s 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.

25 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
30  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
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keys. Secret-key cryptography is used for all other purposesggimaly®os
fol |l ow ngNgér% ussion, when reference is made to the secure transm ssion of
i nformati on Detween a netpage printer and a server, what actually happens
is that the printer obtains 5 the servag'-s certificate, authenticates it
with reference to the certificate authority, uses the public key-exchange
key in the, certificate to exghange a secret sessi key with the rver,
andl then geniine; i B Selfly SGIANIRE, SRE0The R NBPRey Tlrudlitply dinfiosd g Sl
sessi on kether foypadef i niti on, can have an arbitrarily short lifetine. 3.2
NETPACGE PRI NTER SECURI TY 10 Each netpage printer is assigned a pair of

uni que identi fi dnshatfoliowime discusdon)faehuefrad dhmade @ theaseamte i tringneiggdonobf y

nmenory in.the printer and in the netpage reqgi stration seryver, database. The
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securely t%, tﬁu?g neﬁégea e registration server. The server conpares the
secret | DEgErihsthoft t‘gﬁ nter's secret ID recorded in its database, and

accepts the registration if the IDs match. It then creates and signs a

certificateg, containin h inter's public I D and public signature key,
and storegf% he J‘gﬁTPﬁ?'fgﬁgﬁEﬁEC‘ﬁ{BY regi strati on database. 20 The net page

regi sthlati on serfael neipags prrserds assign¢d4 pairta vaigedidentifiprs pblimpefmemyactyre witidr s,
since it ~ t. Lnf I 0 i i i i Rt er
denti ty. "ot fea BEaLGIn b PROP AR B ARGkl RE: dafollel BT
t he net padiest e @R 94 public ond urigueheidendificn thg peintguioth theingipagy tebveorio lileisedvad D @&

print the &&u@Lﬁ@@hgethfegmggtﬁnttufgﬁgﬁ%m Rlcfch IRtk of @ specified

printer. Every document se _ rnter via a page server is addressed to
a particul ar uSaf&inaptd:coibIRGE inlle. RUBLATOREC 18 e LRS RUALLSNSY S
private signature key. € page server verifies, via the registratidn

dat abd$e, crehigs a sigmatyye plitilsipeivate keyopairh tiazsats e sdeti Nemd tleepuplibkdycseduranta o
the specifi ser e rver verifli h ignature using t

publ i shor s St e LRGE TRELE b 88 sfhd iR AR B BB, e

i n the regcstdedin indatkhbabasicaccephrethe etgpag®nrié diedDs atatchnlt den centeaankfisis a
requests to

.ad rinting authori zations,tq.the 30.database, .so l.ang as
[ pauest S ufigts Rl e BUEOT SARE 13 A% hebik REpaci® s bADARE: e Gprti e
NETPACGE PHN rGi@aRbnldatdbaeh net page pen is assigned a unique identifier at
time of manufacture which is stored

20 The netpage registration server acts as a certificate authority for netpage printers, since it

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

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

server database authorizing the publisher to print the publication to the user’s default printer or a
specified printer. Every document sent to a printer via a page server is addressed to a particular user

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

from the publisher’s certificate stored in the registration database.

The netpage registration server accepts requests to add printing authorizations to the

30 database, so long as those requests are initiated via a pen registered to the printer.

33 NETPAGE PEN SECURITY
Each netpage pen is assigned a unique identifier at time of manufacture which is stored
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regi stration server database. The pen ID 61 wuniquely identifpgmAledgesn on
t he net pag S[)QaetV\/t)rk A net page pen can "know' a nunber of netpage printers,
and a printer can "know' a nunber of pens. A pen comunicates with a
printer via a radi o frequency signal whggever it is 5 wthin range of the

printer. Once a pen and printer are regi st ered, they regularly exchange

sessi on keys enever th nlts d| i.tal. i nt er

digital i “"a% OBY BYE e &y ué-”i tn& ne??% 1%“36‘8“ S%’Yer dééag%sf glﬁhek%e“ ID[% lgl t al
ink is nemueﬂyalaﬂrﬁettleqbenmmheetpdgeaﬂwom pen stores a session key for every
printer it knows, indexed by printer ID, and a printer stores a session
key for every peMnetpagerpensan iladerﬁ(edmln;bmpeﬁmd;ﬁge Bottbrshaver priftaroge “lnsw™fa ni t e
st orage apacity . for sessro forget a ses n ke on a
eas r ecdltpRg L oute A SRRHERs SR b e ot iR oty SRR %
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meant to know the pen but doesn't, then it initiates the automatic 15 pen
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agrees with the pen to ghore 1t unti en.is p n a_charging
cup, at WAPER atSFSrSr’Qn K¢y foR F‘fervaleeegt s, @%r%ff I?Yaaeréla qth Eesad%e byt ﬁ‘mé%ﬁ?% on to
its pull i eagaBlty foh@sfidikeGS) BhEWIMNToRdeSRCEsRIn KER Y @kﬁiﬁ%&ﬂly&@b’d badi3 & He€ésary.

exchange key is also recorded in the netpage registration server database

at time of manufwEdW fon co&@s WAthih Rghgt @Yk phifted, kiRMben bAEpMAE didcants Whbtherd they Pen
IDto the printer, and the printer transmts the pen I D tq the netpage

r egi st r at KoY &holer they Gar e Gahethst: é%en&h%egg‘rr&ﬁwwawthﬁwé ISsHPROEEE  and
PeNn 10 USE knodfife SACYRIShight bARGTEASpI¢, DBcalRIRE A bERMes(te a iR Wb idYe@iktered fo al SO
transmts a copy of the session key encrypted with the pen's key-exchange
key. The W5 the efintst & the priger ig é@éﬁtdﬁhmthrwrebwavw t, thag #ieitjatepihe pHfempiin | D,
and t r@nspid 1%5?@%10?( 'BFJc&RlTr@@Jf tﬁ@ﬁx%it&@snkﬁﬂeahﬁo%&w BE"ben, G 1Pa?gfbe§ Wah &R pbhl®

sessi on key internally, indexed by the printer I'D. Al tho%gh a fake pen
can i nper &gt & wtibdg nep is placgrbin p ehrging A0p.01 Widh Hee|it ndjtss tae regtrationen
can decrygﬁm&ﬂ@isessron key transmtted by the printer. Wen a previously

unregi stered pen is first registered, it is of limted use untiI it is
linked to a usqf.,qfibee St bk By the %@n QUGS 2Pl ReyS Quefe ty.be
used to request and fill in netpage user and pen egrstratron forns to

regi ster axdhengederis dlsp sgprirddd in Hlee nedmagpragisiration seryprpdatabagel af tifoe ik agnufagiuret o
add a ZbeWD%ﬁﬁ‘ Fe 1s&£11oﬁxt%§ Eérﬁtgank’rﬁ@ s ap-lc-: SRS the PiifiRr, SREHE briiENirdnShEhe bAD
~publ i c-key ent ption’ ause o rdwar e
to the netpage registration server. The server generates a session key for the printer and pen to use,
and securely transmits the session key to the printer. It also transmits a copy of the session key
encrypted with the pen’s key-exchange key. The printer stores the session key internally, indexed
by the pen ID, and transmits the encrypted session key to the pen. The pen stores the session key

25  internally, indexed by the printer ID.

Although a fake pen can impersonate a pen in the pen registration protocol, only a real

pen can decrypt the session key transmitted by the printer.

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

or to add a new pen to an existing user.

The pen uses secret-key rather than public-key encryption because of hardware

performance constraints in the pen.
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DOCUMENTS The net page system supports the delivery of secure ggquagyMgyssuch
as ticketsgg coupons. The netpage printer includes a facility to print
wat ermarks, but will only do so on request from publishers who are
suitably authorized. The publisher indiggtes its authority to print 5
watermarks in its certificate, which the printer is able to authenticate.

The "wat erygupr k" i nti ss uses an alternative. dither matrix in
specified ﬁ?wat e&%@%@g&gﬁi of the page. Back-to-back pages contain
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described in Section 1.9 above. This extends to copying netpages on
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2. \Wepp pq&&i@%@,gu%mgbrﬂmﬁesﬁ%ge net page docunent, the recipient can verify

its authentic y requesting its status in the usual way. The unique ID

of a secure docUiiRRtzdss @Rlt f bl inl R it i8R LA LR 100daf18 oS GHIBAL
and secure. docunent are allocated non-contiguously to preven elr
predi ct i onf thy pegspordtisleststhen the pageas sopied bymomrabmdansunent verificati on pen can
be devel oped with built-in feedback on verification failure, to support
easy poi nt - of - prRagesrf a¢dquesndodwnentesannot e cofi¢domingahe budli-eandpprgneipy exchanisen
wat er mar k . o t [ ure in a cryptographic .25
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for recipients t\ﬁhenrp%)sléllgé:f \tvf%h g ge!clur\éenré%age document, the recipient can verify its authenticity

by requesting its status in the usual way. The unique ID of a secure document is only valid for the

20  lifetime of the document, and secure document IDs are allocated non-contiguously to prevent their
prediction by opportunistic forgers. A secure document verification pen can be developed with
built-in feedback on verification failure, to suﬁport easy point-of-presentation document

verification.

Clearly neither the watermark nor the user’s photograph are secure in a cryptographic
25  sense. They simply provide a significant obstacle to casual forgery. Online document verification,
particularly using a verification pen, provides an added level of security where it is needed, but is

still not entirely immune to forgeries.

3.5 NON-REPUDIATION
In the netpage system, forms submitted by users are delivered reliably to fortns handlers

30  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.
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(i.e. the cardholder) in SET payment transactions.

20 The netpage system uses biometrics to authenticate the user and authorize SET payments.
Because the system is pen-based, the biometric used is the user’s on-line signature, consisting of
time-varying pen position and pressure. A fingerprint biometric can also be used by designing a
fingerprint sensor into the pen, although at a higher cost. The type of biometric used only affects

the capture of the biometric, not the authorization aspects of the system.

25 The first step to being able to make SET payments is to register the user’s biometric with
the netpage registration server. This is done in a controlled environment, for example a bank, where
the biometric can be captured at the same time as the user’s identity is verified. The biometric is
captured and stored in the registration database, linked to the user’s record. The user’s photograph
is also optionally captured and linked to the record. The SET cardholder registration process is

30 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 vser eventually supplies the biometric to complete a payment, for example by
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the user’s input.

20 When input occurs through a page which is not user—spec‘iﬁc, however, the application
must use the user’s unique identity to establish a context. A typical example involves adding items
from a pre-printed catalog page to the user’s virtual “shopping cart”. To protect the user’s privacy,
however, the unique user ID 60 known to the netpage system is preferably not divulged to
applications. This is to prevent different application providers from easily correlating

25 independently accumulated behavioral data.

The netpage registration server instead maintains an anonymous relationship between a
user and an application via a unique alias ID 65, as shown in Figure 24. Whenever the user
activates a hyperlink tagged with the “registered” attribute, the netpage page server asks the
netpage registration server to translate the assoctated application ID 64, together with the pen ID

30 61, into an alias ID 65. The alias ID is then submitted to the hyperlink’s application.

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.
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A resource description may identify rights holders 920. The netpage system
20 automatically transfers copyright fees from users to rights holders when users print copyright

content.

5. COMMUNICATIONS PROTOCOLS
A communications protocol defines an ordered exchange of messages between entities.

In the netpage system, entities such as pens, printers and servers utilize a set of defined protocols to

25  cooperatively handle user interaction with the netpage system.

Each protocol is illustrated by way of a sequence diagram in which the horizontal

dimension is used to represent message flow and the vertical dimension is used to represent time.

Each entity is represented by a rectangle containing the name of the entity and a vertical column
representing the lifeline of the entity. During the time an entity exists, the lifeline is shown as a

30  dashed line. During the time an entity is active, the lifeline is shown as a double line. Because the
protocols considered here do not create or destroy entities, lifelines are generally cut short as soon

as an entity ceases to participate in a protocol.
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It then returns the newly allocated page IDs to the application for future reference.

Once the application has distributed all of the document structures to the subscribers’
selected printers via the relevant page servers, it multicasts the various subsets of the shared objects
on the previously selected multicast channels. Both page servers and printers monitor the

25  appropriate multicast channels and receive their required content objects. They are then able to
populate the previously pointcast document structures. This allows the page servers to add

complete documents to their databases, and it allows the printers to print the documents.

52 HYPERLINK ACTIVATION PROTOCOL
A preferred embodiment of a hyperlink activation protocol is shown in Figure 45.

30 When a user clicks on a netpage with a netpage pen, the pen communicates the click to
the nearest netpage printer 601. The click identifies the page and a location on the page. The printer

already knows the ID 61 of the pen from the pen connection protocol.
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application to e a transaction-specific context for the hyperlink
activaig on. The second page server sends the hyperlink request ID and application ID to the first

page server to obtain the corresponding user ID and printer ID 62. The first page server rejects the

request if the hyperlink request has expired or is for a different application.

The second page server allocates document instance and page IDs 50, returns the newly
allocated page IDs to the application, adds the complete document to its own database, and finally

25  sends the page descriptions to the requesting printer.

The hyperlink instance may include a meaningful transaction ID 55, in which case the
~ first page server includes the transaction ID in the message sent to the application. This allows the

application to establish a transaction-specific context for the hyperlink activation.

If the hyperlink requires a user alias, i.e. its “alias required” attribute is set, then the first

30 page server sends both the pen ID 61 and the hyperlink’s application ID 64 to the registration server
11 to obtain not just the user ID corresponding to the pen ID but also the alias ID 65 corresponding

to the application ID and the user ID. It includes the alias ID in the message sent to the application,

allowing the application to establish a user-specific context for the hyperlink activation.
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i nt er pr et att¢xpfield BAS treaygizsterat ﬁnwnmbéhe\ﬁe“pke tp theriext fiplds digital !ulser correspondi ng
to the pen, and uses the user's accunulated handwiting nodel 822 to
interpret the stAfiskeensd ¢farrdtivint in dre 20n0f thmzsfeﬁdld, thecpseessmeesandeithe hen ID
strokef t gng gt penhl'ﬁg str&&gr'té tﬂ{ealteggt'?ati%ﬁ rUSEr [ LR J?z{%:oh ei‘:ﬁ e tefi s#}% er
requestlng page server server appen s t t feéxt val ue
of the t exdenfifies|the useh c@Tﬁp@ﬂM UREpewERI FisGATE @Nr PR@E@@@LedAasdmtng mchiel

i nput ele [ r I

t he pagelgg%trt({/!a}@&q t@%&%ﬁ%‘g atshe S St}gs)ﬁb ? ef?g%sznavigﬁegqg gt%ﬁ‘ei lm eXt %

i nk. Af t eregistrplon setvefeturnsalet textite the irgyueshieg pagn ecrodr. THegagd sgrvat append ﬂelte:k,t tct he
page server D 61 and the pending strokes to the

regi strat :ﬁbﬁg)‘ge%ﬁe Hl%lt t?)?a’kiverl fication. It also sends the 20 application
| D 64 assom ated with the formof which the signature field is part, as

wel | ag; t forrglé@\ (!}S'IWF{&%E gata content of the form The

regi stratl on server | ent user corresponding to the E and uses
t he user s dynarftssiRipgHig tl%ﬁuée Igmeebeiczone e ﬁtéokv?é‘%t?‘?%?tstlﬁésﬂ"l“ﬁk ¢ld'88Q theye
user's si ga@tsever 10@pFéhds the Bidske Y&t Sibefurt REIASIaMaLHES, the registration
server uses the application ID 64 and user 1D 60 to identify the user's

appl i cati on- specidrG pefibd/ 8t iBackivi AL HE BordsQY thel digrdRird AN tHSESe Liferksdds R
generate a dn:glta| signature of the formdata, and returns the digital

si gnat ur e PEBID fhand @awé%qmaﬁmb%ﬁg*@ theefegigiiation j§ervesald efos wrifisptions jalsa sends dhe
di gi t 3lp ShgNREWRADIA dsfdBialtli ALY Brrh bEWHicRB signature field is part, as well as the form

ID 56 and the current data content of the form. The registration server identifies the user

corresponding to the pen, and uses the user’s dynamic signature biometric 818 to verify the strokes
as the user’s signature. Once it has verified the signature, the registration server uses the
application ID 64 and user ID 60 to identify the user’s application-specific private signature key. It
25  then uses the key to generate a digital signature of the form data, and returns the digital signature to
the requesting page server. The page server assigns the digital signature to the signature field and

sets the associated form’s status to frozen.

The digital signature includes the alias ID 65 of the corresponding user. This allows a

single form to capture multiple users’ signatures.

30 5.5 FORM SUBMISSION PROTOCOL
A preferred embodiment of a form submission protocol is shown in Figure 46.

Form submission occurs via a form hyperlink activation. It thus follows the protocol




sets the associated formis status to frozen. The digital signature includes
the alias I D 65 of the corresponding user. This allows a singheuA9r2og50
capture m,{lg%%pl e users' signhatures. 30 5.5 FORM SUBM SSI ON PROTOCOL A
preferred enbodi nent of a form subm ssion protocol is shown in Figure 46.
Form subm ssion occurs via a form hypergynk activation. It thus follows the
protocol 20 MAY 2005 NPS028 -57- defined in Section 5.2, with sone

form SPeCigthfadf SldibOAS, wili okl BoriAR€:ifl aflicloR] T NYPETI T 0K, The hyper?ink
activation nessage sen ’%y the page server O to the application 71 al so
contains the for 6 r ] ntent of the form 1f the
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appl i cati OR"proVky f%l"{‘ae"&e"g bl i sher on click-throughs, transactions and
sal es. Comm ssions on fees and conm ssions on conm ssions may al so be

payabl e fi, th i r ider of the printer. The hyperlink
request | Bctg]Z i ?%#@Eﬁ%ﬁgﬁgﬁ?@gg& _commi ssion credit fromthe target
appl i cation pr oV Bferrsdembadiment pfa copamssionpayraang pretogeldeshapplin e 4R provi der
70b (i.e. publisher), and 15 fromthe source application provider 70b to
the printer proViddr epommyte anyirensent ofisesi and icommyssiens wag beh gayahlsefrom nga

requesfo | BhdicABntgdeyiRReLa SHIMRE orl BlicMIBIduaHsNEankdRBHs dnl KalksS ChihRbioRCHd &t ed,
as described in Section 5.2. Wen the target application needs to credit

t he sour c@nhpprmisuens of qomBYssivay may plse bp gayabledranp pieipublisherrio heoprvdder of ithedi t
to the or'bgjltglal page server together with the hyperlink request ID. The
page server uses the hyperlink request IDto 20 identify the source

application, an@h@%?ﬁliﬂkh@q&gt%i $2 90sdd LR 4 ROV AMmEES é%&i%grg MheSfoer 11
together with the source application I'D 64, its own server ID 53, and t he
hyper | i nk apRéigetissproviier Toac(e.gr mejrkempae the gouses applicaipreptiovident 7k (icopubdisionatidng

appl | ot | GBpRACKLAS horticAGH MNP A 1o Ik phRPprBAbLTHES the appl i cation

provi der. e appl’i cation provi needs” to cre_di_t' the printer provider,
oget her it h 1 Ha Ry BarPp RRRHSERE R bpbl KB o Rolithe RRRSTELME D |
request | ethypértienisifirgt achientqdy pndeseribed il Sertinnl §.2t Wher thedirgetampplicatitrhecedetoevant
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
20  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.

If the application provider needs to credit the printer provider, it sends the printer

25  provider credit to the original page server together with the hypertink request ID. The page server
uses the hyperlink request ID to identify the printer, and sends the credit on to the relevant
registration server together with the printer ID. The registration server credits the corresponding

printer provider account 814.

The source application provider is optionally notified of the identity of the target

30  application provider, and the printer provider of the identity of the source application provider.




regi stration server together wwth the printer ID. The registration server
credits the corresponding printer provider account 814. The S0WIAY 2005
applicatiQpspgovider is optionally notified of the identity of the target
30 application provider, and the printer provider of the identity of the
source application provider. 20 MAY 20058 -NP5028 -58- 6. NETPAGE PEN
DESCRI PTION 6.1 PEN MECHANI CS Referring to Figures 8 and 9, the pen,

general | 'y gdesi gq@éﬁﬂegﬁEﬁgES&ﬁBﬁ yhuneral 101, includes a housing 102 in
the formof a plastics noulding having walls 103 defining an interior 5

space 104 for nting the pen conponents. The pen top 105 is in operation
r ot at abl ysnﬁun%'“a*lagﬁ@"céend 106 of the housing 102. A sem -transparent

cover 107 is sediafetng tr Fimerenppod Pt be pend ge08allyf desighrtedhipursfangncd 0@nerdhiicover
107 is als | i IS, f Iink ¢ ent_ .
material eI e fn of Qi RLREL BRI PAE D) WRAPRERNerer o
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substanti r Opn d 108 of the housing 10 .102 and r.algecti ng
o t1 on 106 Y4TSR CEHSHa T sohSPome el THh PR s BPitele BeThF S &
cor r espondhentgusihg 02l The towrenmtd/ isrlsbhé mealded pla8is,ihd tihferhalufonn gendi@insprenadi 0

antenna 112 is,.mount ed ehind the projecti ion 110, W.thin.t

‘housi ng 105%T&n e%vdé{ ﬁ’reélglgg HTi’é“”é%W‘%&%d%%ﬁb* Ora%ﬂheplg%ﬂef"f)ﬁrft%dl‘?@gwhgﬁm W& Cover
107 are armhanged 1@bintledsiaveain paret @9 wigcidsupstaaallil ddrovhdsctheliehidni@s of everteagendi ng
screw thr s 115. .The net.al d,piece 114 js repovable to enagble ink

car 111506 108 A  roickie ot EDOHBh Hdertiiek ot e gy Gt QRS Wi o or
st at us LERoriskfordingalot Il Exfoffda id thé .wallh €03 Elieididngl 2. A $adid Steni® UIRiehoatied he
flex PCB 117..The status LED 116 i.s. npunted at the top o he pen. 101 for
Good ol 1 - BBt ging hegonrHa. sidhincn Aol Soe el Hor PR

i nk peg alﬁplerﬁtlﬁa a1370 o NERE rl?bmg Fﬂy&rusﬁgaﬂgw 130rebdive Eaﬂ%télaéﬂéil’ j;ig@elﬂal&%nmaidghni b
119 and a stylus,. 120 w tyl us, ni 21 are unted side by side wthin
the housi ﬁ@”‘%ﬁ‘?‘.dméi SP‘P‘?@’rtE"Eeﬁ% f/lék%keawsfﬁﬂ Héepl?ﬁeblqg ﬁarea&ove%tosﬁnﬁlaéfﬂwa&ﬂi&q can
be br adgghtepidanm@r d t hr ough open end 122 of the netal end piece 114, by
rotation of the pen top 105. Respective slider blocks 123 and 124 are

mounted to the ik @aunkddivigen thd 8oan o7tk ¥ inilSoldRatus ITELS PACAN MBLPCBA 170TIR abl e
cam barrel 125 is s?cured to the pen to i n_gperation and arran(%ed to

. 105 )
25 1ot at e 2ARFERAIE Sflsopppunted pp B‘&rﬂeéf(:?ﬂé?-i%ls@&@%ﬂ 4k mowtadgt the doprditha of a
sl ot Wi t hipgh M FoMRbl 811-48dnd Riibilike cam barrel . Cam fol | oners 127 and 128
projecting fromslider blocks 123 and 124 fit within the camslot 126. On

rotation of the Thamedad Pbratdth dshenothildRhikiRd A& pen driBasQ noh2hrilRY Gyl i ve

to each other to_project either the ;l:)en nib 119 or stylus nib {21 out
t hr ouéﬁ) t ik nsB cartridge llilkf]wtth@lbr-rgpézpd 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
25 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 operation. By turning the top 105 through 90° steps,
30  the three states are:

. Stylus 120 nib 121 out;
. Ink cartridge 118 nib 119 out; and

. Neither ink cartridge 118 nib 119 out nor stylus 120 nib 121 out.




end piece 114. The pen 101 has three states of operation. By turning the
top 105 through 90 steps, 30 the three states are: Stylus 120 mAY 2od5
out; Ink,garfridge 118 nib 119 out; and Neither ink cartridge 118 nib 119
out nor sty G5 120 nib 121 out. 20 MAY 2005 NPS028 -59- A second flex PCB
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housi n% 102 to assist gripping t pen, and top also includes a clip
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arranged g, ﬂiﬁtﬁbrﬂrr&%ﬂshﬁb ﬁ@ﬁlfﬁeom @Ie tddioae@w Esdey hibhR MNP b2k OED 10K via

cartridge nib 119) I magi n I nf rare spectrum an area of

surface |r\eﬂeﬁers\£'ilQ§|ShﬂWn)m@fmt@ thmltﬁerhl@ckﬁé&ﬁﬂdﬁ{ he location data fromthe
nearest location tag, and is arranged to calculate the distance of the nib
121 or 119 fromftﬂbherl&)lea)@ﬁ%}’ﬂltaaé 142 pieipsovidpd dpivdrdsthe 881 Higdofdlnbausing @62 thi p

134. 25 Theg Pgﬁ@ﬁngtﬁe enG r%%%ﬁ KEhCHbatas tlﬂf%%hpg)‘ﬂwttg%é g &4 écﬂg pen and

the nib-to-ta tance per spect I st bsef on the
i maged tag. Control data fromthe | ocation tag nmay include control bits

i nstrugtige t he RATHRBELER At €

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.

25  The controller chip 134 calculates the orientation of the pen and the nib-to-tag distance from the

perspective distortion observed on the imaged tag.

Control data from the location tag may include control bits instructing the pen 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

30  area”). Thus, a region on the surface which corresponds to the active area of a button or hyperlink
may be encoded to activate this LED, giving the user of the pen visual feedback that the button or
hyperlink is active when the pen 101 passes over it. Control data may also instruct the pen to
capture continuous pen force readings. Thus a region on the surface which corresponds to a

signature input area can be encoded to capture continuous pen force.




its "active area" LED (this is in fact one node of the tri-color LED 116,
whi ch beconmes yellow when the pen determ nes, fromthe contr b MAYaooshat
the area tpat,is being inmaged is an "active 30 area"). Thus, a region on
the surface whi ch corresponds to the active area of a button or hyperlink
may be encoded to activate this LED, gi@dnrg the user of the pen visual
feedback that the button or hyperlink is active when the pen 101 passes
over it. Contr ol pelabdnTBi@led thel L Ua chiGiRG e of SARLYASHERNIhONOUE, Pen
force readings. us a region on the surfate whi ch corresponds to a
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PCB 129 i Bn{ReuitRe) antficavBarahniisd Rter.bl ock diagramillustrating in nore
detail the architecture of the controller chip 134. Figure 10 also shows

repres@nt ati ons e cbit®IBFhgI3PR iddsuntddif theREMIIRRPOB 123 thé b, Filgire 40 lisr
status LED 116, the_ IR.illum nation LED 131, the IR force _sensor LED 143,

and the f &logk diegradlusyriinednmogredefaisthe gqhiteure fdhk ropirplier cRinilpt Famrs Hrtlitdes a

control | i gEbWRIEGERAaIont 4D the BUSchf 330 MR hESR sbider 1320t %S5 RA0IRR LEBY 86 Rt ween
conponents of the controller chip 134. Flash nenory 147 and a 512 KB DRAM

. p .
148 are alB#lyigatigy BED 1] thed B forge scgstilgDy 145, 208 fhedpice sengu ghetadiederidhged t o
convert the analog signal fromthe force sensor photodiode 144 to a

di gital signal. A& remsgfirodendin 13inelpdes aeconisallingprapepsos d45-fus H 46 srablesdige

sensorl 32y hhndeROSE 86 cofPRichR ok fle cdmdiRAGiP BRerRMN ety 44 dnd 4342 RBE
also included to interface wth the RF chip 133 which 25 1 ncludes an RF

circui t 15RAMd4RyTe alsg dnsidet SAnarglogtrudisitad eenverts 149 irieanged te epnvertthg Aralema
112. 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

25 includes an RF circuit 155 and RF resonators and inductors 156 connected to the antenna 112.

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

medium-performance (~40MHz) general-purpose RISC processor.

30 The processor 145, digital transceiver components (transceiver controller 153 and
baseband circuit 154), image sensor interface 152, flash memory 147 and 512KB DRAM 148 are
integrated in a single controller ASIC. Analog RF components (RF circuit 155 and RF resonators

and inductors 156) are provided in the separate RF chip.
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131 ont o tHIEG 11 ALEVISTHR e dfbend ety | Bfor TSR Pl MR BPAESTERT o
pl ace bot h321.kaidl rgecSitiasate tHedsptiadig@athhe | R LED 131 at the focus of the
20 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 focusing 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
25  objective, a beam splitter 159 is used to split the path and separate relay lenses 157 and 161 in each
path provides refocusing 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.

30  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 of view with maximum power and uniformity.

The IR LED 131 is strobed in synchrony with frame capture. The use of focussed
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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).

25 Pen 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

30 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. The pen
controller 134 starts with an empty stroke (at 164). It then continuously samples (at 165) the nib

force via the force sensor photodiode 144, checking for a pen-down state (at 166). If the penisin a
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Table 4. Raw digital ink components

20
raw digital ink unit precision range
component {bits)

pen ID - 128 -
nib ID - 128 -
absolute time ms 64 -
last system time ms 64 -
region ID - 100 -
time offset ms 32 49.7 days
tag ID - 16 -
x offset 20 pm 59 +10mm
y offset 20 pm S9 +10mm
X rotation (pitch) degree S7 +90°
y rotation (roll) degree S7 190°
z rotation (yaw) degree S7 | 360°
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frequency is significantly smaller than the typical position sanpling

frequency, the At the start of a stroke the pen controller 134 records, in a raw stroke header 183, the

elapsed time since the last absolute time notified to the system. For each pen position in the stroke
the controller 134 records, in the form of a raw pen position 177, the x and y offset of the pen nib
119, 121 from the current tag, the x, y and z rotation of the pen, and the nib force. It only records
20  the tag ID (which identifies a tag within a region) if it has changed, in the form of a tag change 178.
Since the tag frequency is significantly smaller than the typical position sampling frequency, the
tag ID is constant for many consecutive pen positions, and may be constant for the entire stroke if

the stroke is short.

Since the pen samples its positions and orientation at 100 Hz, pen positions in a stroke

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

if necessary.

30 Since the 32-bit time offset of a stroke has a finite range (i.e. 49.7 days), the pen
optionally records an absolute time, in the form of a time change 176, for a stroke. This becomes

the absolute time relative to which later strokes’ time offsets are measured.

Since the region ID is constant for many consecutive strokes, the pen only records the



tag IDis constant for many consecutive pen positions, and may be constant
for the entire stroke if the stroke is short. Since the pen 3gmA¥S2dd5s
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Tabl e 5. Raw stroke conponent prefixes raw stroke conponents prefix raw
pen posi fion U unknown Een position 10 tag change 1100 —end of stToke 1101
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of 1 secomsy piarpatiticn spans two or three tags, |opntains 100 positions

sanpl es, [and Therefore fas a size of about 5500 bits. Online CONTINUQus
di gi t al |M&ML@MMMW of 5.5

Kbps, andtafchhigae conti nuous digital ink captdrdoorequires about 40 Kbytes
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end of strok

region change 11100
nib change 11101
time change 11110

10

A 10mm stroke of 1 second duration spans two or three tags, contains 100 positions
samples, and therefore has a size of about 5500 bits. Online continuous digital ink capture therefore
requires a maximum transmission speed of 5.5 Kbps, and offline continuous digital ink capture
requires about 40 Kbytes of buffer memory per minute. The pen’s 512KB DRAM 48 can therefore

15 hold over 12 minutes of continuous digital ink. Time, region and nib changes happen so
infrequently that they have a negligible effect on the required transmission speed and buffer
memory. Additional compression of pen positions can reduce transmission speed and buffer

memory requirements further.

Each raw stroke is encrypted using the Triple-DES algorithm (Schneier, B, Applied

20  Cryptography, Second Edition, Wiley 1996, the disclosure of which is incorporated herein by
cross-reference) before being transmitted to the computing system. The pen and computing system
exchange session keys for this purpose on a regular basis. Based on a conservative estimate of 50
cycles per encrypted bit, the encryption of a one-second 5500 bit stroke consumes 0.7% of the

processor’s 45 time.

25 6.5 OTHER PEN EMBODIMENTS
In an alternative embodiment, the pen incorporates an Infrared Data Association (IrDA)
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accumd t @ccumylatgnisshort. 7 NETPAGE PRI NTER DESCRI PTION 7.1 PRI NTER MECHANI CS
The vertically-nounted netpage wallprinter 601 is shown fully assenbled in
Figure 11_ It rints net E%gss on Letter/ A4 sized nedia using dupl exed
8'/z" Menjfet TM E\‘ﬁTﬁf‘G%ﬁ@W EBERIBHAN 603, 20 as shown in Figures 12 and

12a. It uses a straight paper path with the paper 604 passing through the
7.1 PRINTER MECHANICS

The vertically-mounted netpage wallprinter 601 is shown fully assembled in Figure 11. It
prints netpages on Letter/A4 sized media using duplexed 84" Memjet™ print engines 602 and 603,
20  as shown in Figures 12 and 12a. It uses a straight paper path with the paper 604 passing through the
duplexed print engines 602 and 603 which print both sides of a sheet simultaneously, in full color
and with full bleed.

An integral binding assembly 605 applies a strip of glue along one edge of each printed
sheet, allowing it to adhere to the previous sheet when pressed against it. This creates a final bound

25 document 618 which can range in thickness from one sheet to several hundred sheets.

The replaceable ink cartridge 627, shown in Figure 13 coupled with the duplexed print
engines, has bladders or chambers for storing fixative, adhesive, and cyan, magenta, yellow, black
and infrared inks. The cartridge also contains a micro air filter in a base molding. The micro air
filter interfaces with an air pump 638 inside the printer via a hose 639. This provides filtered air to

30 the printheads to prevent ingress of micro particles into the Memjet™ printheads 350 which might
otherwise clog the printhead nozzles. By incorporating the air filter within the cartridge, the

operational life of the filter is effectively linked to the life of the cartridge. The ink cartridge is a
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connect s twhed, ghivle absorbs adhesive by capillary action through radial holes. A molded housing 682
surrounds the glue wheel, with an opening at the front. Pivoting side moldings and sprung outer
doors are attached to the metal bracket and hinge out sideways when the rest of the assembly 673 is
thrust forward. This action exposes the glue wheel through the front of the molded housing 682.

25 Tension springs close the assembly and effectively cap the glue wheel during periods of inactivity.

As the sheet 604 passes into the glue wheel assembly 673, adhesive is applied to one
-vertical edge on the front side (apart from the first sheet of a document) as it is transported down

into the binding assembly 605.

7.2 PRINTER CONTROLLER ARCHITECTURE
30 The netpage printer controller consists of a controlling processor 750, a factory-installed

or field-installed network interface module 625, a radio transceiver (transceiver controller 753,
baseband circuit 754, RF circuit 755, and RF resonators and inductors 756), dual raster image

processor (RIP) DSPs 757, duplexed print engine controllers 760a and 760b, flash memory 658,
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658 a@f t BRAM BSHMbIst offGHilyB)he print engine controllers 760 are provided in separate ASICs.
A variety of network interface modules 625 are provided, each providing a netpage
network interface 751 and optionally a local computer or network interface 752. Netpage network
Internet interfaces include POTS modems, Hybrid Fiber-Coax (HFC) cable modems, ISDN
modems, DSL modems, satellite transceivers, current and next-generation cellular telephone
25 transceivers, and wireless local loop (WLL) transceivers. Local interfaces include IEEE 1284
(parallel port), 10Base-T and 100Base-T Ethernet, USB and USB 2.0, IEEE 1394 (Firewire), and
various emerging home networking interfaces. If an Internet connection is available on the local

network, then the local network interface can be used as the netpage network interface.

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

comnmunication.

The printer controller optionally incorporates an Infrared Data Association (IrDA)
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controllers 760. Each print engine controller 760 stores the compressed page image in its local

20 memory, and starts the page expansion and printing pipeline. Page expansion and printing is
pipelined because it is impractical to store an entire 114MB bi-level CMYK-+IR page image in

memory.

7.2.2  PRINT ENGINE CONTROLLER
The page expansion and printing pipeline of the print engine controlier 760 consists of a

25  high speed IEEE 1394 serial interface 659, a standard JPEG decoder 763, a standard Group 4 Fax
decoder 764, a custom halftoner/compositor unit 765, a custom tag encoder 766, a line

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

The print engine controller 360 operates in a double buffered manner. While one page is

loaded into DRAM 769 via the high speed serial interface 659, the previously loaded page is read

30 from DRAM 769 and passed through the print engine controller pipeline. Once the page has
finished printing, the page just loaded is printed while another page is loaded.

The first stage of the pipeline expands (at 763) the JPEG-compressed contone CMYK
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8. NETPAGE TAGS
8.1 TAG TILING

8.1.1 Planar Surface Tag Tiling
In order to support “single-click™ interaction with a tagged region via a sensing device,

25  the sensing device must be able to see at least one entire tag 4 in its field of view no matter where
in the region or at what orientation it is positioned. The required diameter of the field of view of the

sensing device is therefore a function of the size and spacing of the tags 4.

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

achieved when the center-to-center tag spacing is the same as the tag diameter k.

With a tag diameter k of 256 dots (~4 mm at 1600 dpi), » is therefore 552 dots (~8.8




are well within the operating frequency of the MenjetTM printhead, which in
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To achieve the required tiling, the icosahedron 526 is inscribed in a target sphere, and

each triangle 528 of the icosahedron 526 is subdivided into an equal number of equal-sized
equilateral subdivision triangles to yield the desired total number of triangles. If each edge 530 of
20  the icosahedron 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 equilateral subdivision triangles, resulting in the creation of v* triangles per triangular face 528
of the icosahedron 526, or 20v° triangles in all. Of the resulting 10v* + 2 vertices, five triangular
25 faces meet at each of the twelve original vertices of the icosahedron 526, and six triangular faces
meet at the each of the remaining vertices. The twelve original vertices 532 already lie on the
sphere, while the remaining vertices lie inside the sphere. Each created vertex is therefore centrally

projected onto the sphere, giving the desired tiling.

A sphere approximated by a regular polyhedron in this way is referred to as a geodesic,
30  and the parameter v is referred to as the frequency of the geodesic. Figure 54 shows an icosahedral

geodesic 534 with v=3, i.e. with 180 faces 528.

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

further it is from the surface of the sphere, and hence the larger it is when projected onto the
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evenly spaced tags with negligible additional spacing. Such a globe uses 16812 tags in total.

8.1.3  Arbitrary Curved Surface Tag Tiling
A triangle mesh can approximate a surface of arbitrary topography and topology without

introducing discontinuities or singularities, with the local scale of the mesh being dictated by the
25  local curvature of the surface and an error bound. Assuming the existence of a triangle mesh for a
particular surface, an effective non-regular tiling of tags can be produced as long as each mesh
triangle respects a minimum vertex angle and a minimum edge length. A tiling is considered
effective with respect to a particular sensing device if the field of view of the sensing device is

guaranteed to include at least one complete tag at any position of the sensing device on the surface.

30 The tiling procedure starts by placing a tag at each vertex of the mesh, so the minimum
edge length is the same as the tag diameter £. The tiling procedure proceeds by inserting a tag at the

midpoint of any edge whose length exceeds a maximum tag separation s. As illustrated in Figure 9,
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| ess thani3f 46¢..e. half of 60), it can be shown that whenever a nesh
triangle has at |east one edge |ess than or equal to s in length, the 15
remai ning two edge s (FlraR %5 nb rbd%e%ﬂﬂtahriax_{gib PMeAGcEass fnNengifl, Rb e
vertex angle is typically at least 45. In the first scenario (Figure 57)
no edges &EeRsefthahignge 5afcuiycerpfes in | ength, so the

In the second scenario (Figure 58) one edge 548 of a triangle 550 exceeds s in length. A
20 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

25 diagonal of the trapezoid exceeds s in length then a final tag 570 is inserted at the center of the
- trapezoid to complete the tagging of the triangle.

In the fourth scenario (Figure 60) all three edges 572 of a triangle 573 exceed s in length.

A tagged vertex 574 is inserted at the midpoint of each edge 572 and the three new vertices 574 are
joined by edges 576. The tagging procedure is then recursively applied to each of the four resultant

30 triangles 577, 578, 579 and 580. Note that the new triangles respect the minimum vertex angle

because they have the same shape as the original triangle 573.

The tag tiling variables are summarized in Table 4.
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8.2 TAG SENSING 5 8.2.1 Pen Oientation To allow a pen-like sensing device
to be usedas a AGIREINDI e witing instrument, a range of pen
orientations nust be supported. Since the pen nib is constrained to be in
cont act® wiBt&1 t IRensQri¢éntationt he orientation of the pen can be characterized
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| . y ed, D
exanpl e, FHfatReatdael Corotasiopen theqrey, a8 dllystratibim Fegre i ehilg thanyast of disonen murle
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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

15 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

20 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 defined as positive when anticlockwise, whilé pitch and yaw are conventionally

defined as positive when clockwise. Here all rotations are defined as positive when anticlockwise.

25 The pen’s overall tilt (8) is related to its pitch (¢) and the roll (y) in accordance with EQ
11.

The pen’s tilt affects the scale at which surface features are imaged at different points in
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optical axis, between the pen's nib (point A), the pen's optical axis (CE),
and the fM&lch feffow 2pglyp both Rpsifivsand mgitiveiie tilt is defined to be cl ockwi se
positive fromthe vertical. The equations which follow apply to both
positive and negHhemiee pen|ig not (ednthe pandgwriliqnaetes Gie- JBDJTE’GEWP%Q’%I‘HOW di anet er
(i.e. | BDis given by EQ 12. If, when the pen is not tilted, the isfance
fromthe nib toIbaden b pethis noji tiigdihq distance fromphe nil 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.

20 When the pen is tilted by 0, the distance from the viewpoint to the surface along the
optical axis is reduced to d (i.e. | GE | ), given by EQ 14.

The width of the window (i.e. | FE{|) 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 # of the area is given by EQ 4, while the

25 width of the actual imaged area is given by EQ 15. This then gives EQ 16.

Once D and o are determined, an image sensor resolution must be chosen so that the
imaged area is adequately sampled, i.e. that the maximum feature frequency is sampled at its

Nyquist rate or higher.

When imaged, the scale of the surface decreases with increasing distance from the
30 viewpoint and with increasing inclination relative to the viewing ray. Both factors have maximum

effect at point F for positive tilt and point H for negative tilt, i.e. at the point in the window furthest
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obj ect space angular fields, of view are equal (i.e. a' = a), this reduces
to EQ 23 é?ﬁiqu@e‘gt&?m\ME%&PH‘BPétof‘s“%@)lgbj ect plane tilt (i.e. 0 =0) this
reduces further to EQ 25. . o . .

hen there is no image plane tilt (i.e. 8° = 0), and the image space and object space

angular fields of view are equal (i.e. &’ = o), this reduces to EQ 23 and EQ 24.
When there is no object plane tilt (i.e. © = 0) this reduces further to EQ 25.

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

Matching the image plane tilt to the object plane tilt therefore yields a smaller required
image sensor size than when the image sensor tilt is fixed at zero, and eliminates perspective
distortion from the captured image. Variable image sensor tilt is, however, a relatively cotly option

25  in practice, and also requires greater depth of field.

Figure 63 illustrates the geometric relationship, for a given roll-related tilt 8 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

30 the distance S from the nib to the center of the window (i.e. | AC|) is zero rather than as defined by
EQ 13.
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conpact, device such as a pen. It has an avail able resol uti of
appro %p@'p@pctziagy}pzlsgc}ppg(@pgn It has an available resolution of approx1mately 215><215 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° (a
25 = 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.
30 The image sensing variables are summarized in Table 5.

Table 5. Image sensing variables

variable meaning
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| mage Pr Cesai g %% éng |ag rmage-processing 173 described earlier in
Section }24—1H KOV

q Image sensor resolution

s Distance from nib to center of field of view on

surface {(when 6 = 0)

Distance from nib to edge of field of view on

surface {(when 6 = 0)

8.3 TAG DECODING

8.31 Tag Image Processing and Decoding
Tag image processing is described earlier in Secticn 1.2.4. It culminates in knowledge of

5  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.

10 Once the discrete 3D tag transform is known, the corresponding 3D pen transform can be
inferred, i.e. the transform of the pen’s physical axis with respect to the surface. The pen’s physical
axis is the axis which is embodied in the pen’s shape and which is experienced by the pen’s user. It
passes through the nib. The relationship between the physical axis and the optical axis is illustrated
in Figure 64.

15 It is convenient to define three coordinate spaces. In sensor space the optical axis
coincides with the z axis and the the viewpoint is at the origin. In pen space the physical axis

coincides with the z axis and the nib is at the origin. In tag space the tag 4 lies in the x-y plane with



5 the 2D perspective transformon the tag, as well as the decoded tag data.
8.3.2 Inferring the Pen Transform Once the 2D perspective trapgigan3gos
obt ai ned \Ngéogp accounts for the perspective distortion of the tag in the
captured inage, as described earlier, the corresponding discrete 3D tag
transformwi th respect to the pen's opiygal axis can be inferred, as

descri bed below in Section 8.4. 10 Once the di screte 3D tag transformis
known, the_cor ng.3D pen L rs nsf
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nom nal contact with the surface at_point A when the optical axis is

vertical. KA is Tderdissest t28 thesfpa snclug?s the tiepdationtqf thy tagyqester {ipwrihe Fsesen i s

tilteds howRy ele 30U oREibn, afd thd tral@itiBh ofthe &RsAPBWPFbA e VWRIES. G ven the
radius R of fhe nib, the distance of the pivot point K fromthe surface,

e.g. at Aor L, diSerdlibaysstiionTdordhs §én§$@p$1@19fr51§13tﬂ§f REbinh G %Qeéﬁs&a@ tag
translation of the tag center fromthe sensed (gm nt, the 3

rot ati on, trarsormhendraeepidingioiFeh 14 fthershrsed poistdsiginen bYtE 2dm t he Vi ewp0| nt G ven
the translation d of the sensed point fromthe viewoint in the discrete
tag transform S thecrbisvienl pys endy giffersfrom the opticakaxés Byci shiranslation apd p rpiptideQ 27.
Since the cal
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pl ane 20W tind |B€Y| ex Brijmet s dn ]Figlgra |6E) G4s clewn émeinlsen6r dpace the position of the pivot point is

given by EQ 28.
The vector from the sensed point to the pivot point is therefore given by EQ 29.

The vector from the pivot point to the contact point is by definition a surface normal of
length R. It is constructed by applying the 3D tag rotation M to a tag space surface normal,
25 normalizing the result, and scaling by R, as shown in EQ 30 and EQ 31.

The vector from the sensed point to the contact point is then obtained in accordance with
EQ 32. |

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

30 from the tag center to the contact point in tag space, i.e. on the surface, in accordance with EQ 33,

This is finally added to the tag’s absolute location, as implied by its tag I, to yield the

nib’s desired absolute location in the tagged region: sce EQ 34,




200 and | ECI| = 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 vect opgiyayndges
sensed poiNQ\fli50 to the pivot point is therefore given by EQ 29. The vector
fromthe pi V6t point to the contact point is by definition a surface nornal
of length R It is constructed by applgpng the 3D tag rotation Mto a tag
space surface normal, 25 normalizing the result, and scaling by R as

shown in EQ 30 d 31. .The vector fr t he .sensed int.to .the. contact
S nt 15t hen obtt a i i @caiHhi e o s Rom e G 10 GreBifiodis ot o
t ag space pby's dpgtiyirstetidnb arel singsly 8 inferdehef thaggtsrdisesdeomoniols, with titpes pitétnd i S
then added tqQ the vector fromthe tag center, to the sensed point, to yield
the vect ofs® ﬁwdfn@ ¢ fidect g &Eéﬁfr}b@wmgo) QHHEE eRsigeldugs W PP OB PRSAE; 25 | e,
on the sugb@fedin £Q 33CEQBdangLQE7A N EQ 33. This is finally added to the

tag's absolute location, as inplied by its tag ID, to yield the nib's
desired absolute location in the tagged region: see EQ 34. 20 MAY 2005
NPS028 5 8@:4 The |fterNSTHITAGSTRANSFORr the pen's 3D orientation fromthe
tag's 3D orientat] T ' ' > tati I Lnpl y..the |npyerses
of the tag' s di g%hfg@%ger%ﬁlgtﬁgﬁg,pn\%f%@hgm%r?%ssmg{’%?% S%g egzg‘i]yn%%ta |rﬁguet he
ef fect of tg the positicharidsrehmton oibthe tithazeopisoc with asspsct wi thh tage Opecthe tperspdetivepen’ s
axis, as .defin in EQ.35,. .EO 36 and EQ.37.. 5 8..4. 1 NFERRI NG. THE TAG .
TroansromvieRe Pl HRFotne g BB, isidfedro i S Kt

per spect i uderthidstiased 010 volding thet welt-trelep@sid timniosnatlating @rt fatd BY-swice ik indgage
sensor, W th respect. to.the tag. ce the rspecti.ve ar.get s the tag
re.f ddha ot FREEEuch e St g R e VBT RGeS 0 JHBES PU e PRAL or m
i s i nfer catabasekymbolimally,iand a téref wialultanenokeiontiined eqeptiahd ©RBtained by equgtiddhe
four tag-space and image 10 space i nt. pair The di.scretg transform steps
whi ch g vEPTRRAiS R I e EoPGHorpic teatfordt and (g RESREHYR R ByRoSITEAIRY and
a set of sgquibisandditte diodett tGHImMeHpE whithSindledeahd ddsi@btap yifae fiam ithtthib, 3D
correspondi gg terns i.n the on{cTat nat&d transform and the perspective
transf or m#8 t%‘?“n@“"t‘ﬁ%‘ﬂ’é““@ﬁ?f& PBAY YY'¥Fds the discrete transform steps,
whi ch include the desired tag offset fromthe nib, 3D tag rotation, and

vi ewpqint jof fset. fromthe_surface. 15 8.4.1 Mddeling the Tag Transform The
trans?lé;lmso {thé“?‘i"g'"&’tpf’asﬁpt{@"s?ﬁgﬂe to i mage space can be nodeled as a
concat enat i on ofTheHeanslorm i thy tagr drfstmoitas shaepde imageyspaecapal be enqdplpd as a
tag-to-vi eYRQERkioRbf HiStohowing taflidifutdply tag yaw

. x-y translate (by tag-to-viewpoint offset)
. z rotate (by tag yaw)
20 . x rotate (by tag pitch)
. y rotate (by tag roll)
. z translate (by tag-to-viewpoint offset)
. perspective project (with specified focal length)
. X-y sqale (to viewport size)
25 These are concatenated symbolically to produce a single transform matrix which effects

the tag transform. Table 7 summarizes the discrete transform variables used in the following

sections, together with the range of each variable.

Table 7. D.iscrete transform variables and their ranges
30

Variable | Abbrev. Meaning Unit Range




20 x rotate (by tag pitch) y rotate (by tag roll) =z translate (by
tag-to-viewpoint offset) perspective project (w th specified2hggAly 2guxt h)
x-y scal eNggogs vi ewport size) 25 These are concatenated synbolically to
produce a single transformmatrix which effects the tag transform Table 7
summari zes the discrete transformvariaghes used in the follow ng

sections, together with the range of each variable. Table 7. D screte

t r ansf or mvart+abhes—an ret+—arges—30—Va ‘tabl e—Abbrev—MeanrtAg Uni t
[»] - Q trancfaorm v r@_ﬂ.ﬁroﬁmn(u/)i t nitgdh 0 -n/2 <
81-transform FaW—0—0 2t p
;

A+
Range 20 MAY-—2005—NR80238 1 Y \ -t
<n/2 W-|rolf 0]- <|l<ir/4 ¥WA tag-tolviefpoint xO6fESE 9 ty B
tag-to-vi ewpaj nt |y sqt - cogifehC cosinel of Yaw 1 -k><f<s2 § siny D
<

fseg
sine of yaw Q=1 DI tcos4) E,gosine of [pitgT 5W+Fsineof
pitCh 0 -L (EU( 1!l cosy & cosine E-?“;rnll 1 0Ok (‘-<%1 sl n Ilf"gﬁj\tn af roll 0O -1
' g
S

<H< 1 G [ tdg-ta- i ARg-e-yewraipt xoffseb | in. 0 i nverse focal [length - J>
> tay-totviewpdiattyeoffset Xty pDane by is _-fand ty according
B=T 430sirRfgaf_aboUl~Z Wy y ACCqrEng 19 EQ 43

inf ~ alvinag FO 44 Rot.at ahaout v hyv 4)
LN LA WSS b Ay A 1 s FROtat+-e—aboUt X—Y

e E=colu9)Y8hd F=si n(4P)). lui vilcPES 48. 5 Rotate

O S - vieworlf sga

Y
| eB-
to EQ 42 \/\%g A=TXca
(where C=tes{yH—dand

1 '
according tos\"ﬁo 45 (Sher
about y by \dbagcqrdifmg tjo EQ cbdinewtipiteh G=cos(W 1and [H=sd a@¥ ), di ving EQ
48, where Kgi!rﬂp [arg dafined and EQ 5@, Transta my by t2
accor di ngHo—EQ 34 f}\.en,here L=t ,S??é dgﬁ’fléﬁg EQ 52. o 12 F < y
cosy G cosing of roll 1 0<G<1
siny H sine of roll 0 -1<H<1
L / tag-to-viewpoint z offset - 1<0
1/ J inverse focal length - J>0
S - viewport scale - §>0

Translate in x-y plane by #. and ¢, according to EQ 42 (where 4=¢, and B=,).
Rotate about z by y according to EQ 43 (where C=cos(y) and D=sin(y)), giving EQ 44.
Rotate about x by ¢ according to EQ 45 (where E=cos(¢) and F=sin(¢)), giving EQ 46.

5 Rotate about y by y according to EQ 47 (where G=cos(y) and H=sin(y)), giving EQ
48, where K and L are defined by EQ 49 and EQ 50.

Translate in z by ¢, according to EQ 51 (where I=t,), giving EQ 52.

Perspective project with focal length A and projection plane at z=0 according io EQ 53
(where J=1/)), giving EQ 54.

10 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 X and L, giving EQ 59.

8.4.2 2D Perspective Transform
Given an inferred eight-degree-of-freedom 2D perspective transform matrix as defined in

15 EQ 60, multiply by an unknown i to obtain the general nine-degree-of-freedom form of the matrix,
as shown in EQ 61.

Transform a 2D point according to EQ 62, giving EQ 63.



Perspective project with focal length A and projection plane at z=0
according to EQ 53 (where J=1/A,), giving EQ 54. 10 Scal e to2yipgganCIgdosoy S
according . to EQ 55, giving EQ 56. Transforma point in the x-y plane (z=0)
accor di ngNF%OzaEQ 57, giving EQ 58. Finally, expand K and L, giving EQ 59.
8.4.2 2D Perspective Transform G ven angpoferred ei ght-degree-of-freedom 2D
perspective transformmatrix as defined in 15 EQ 60, multiply by an
unknown i ,tp, obtain.th neral pine-degree-of-freedomformof the matrix,
as shown |8h£%Q é%e":f?%ﬁﬁqg?ﬂﬁ?"f%rﬂbi nt according to EQ 62, giving EQ 63.
20 MAY 2005 NPS028 -82- 8.4.3 Inferring the Tag Transform 8. 4. 3.1 Equati ng
Coef fi ci eftds3-tqlstuatinaGreficientsi cients in EQ 59 with the coefficients in EQ
63 results in EQ@qodinzahe &QfficZntshie i BQ SNiwid tivosvetficivasrin @063 teouls ih EQLE4 to

unknowns. se equations are augnmented as required by the trigononetric
identity P@ﬂﬁﬂﬁg‘f‘ﬁ%m’é’l’lf’?gareﬁ "B HE@"JS’PW% angle (i.e. the sine and

cosi ne of any one of yaw, pitch and roll), .as shown in EQ 73. G ven.the
ST a0 coot ne Dpsesatalivy B afamstg ot BptHA s Aageeeris Bpik et v o
t wo- ar gueRNéosie 6f Alargk (S0 AN sind hnE@sikt of hly SncofJaw, pheh Mhdilj, @5 shéwX iEQs et
EQ 66 can_be sinplified using EQ 64 and EQ 65 to give EQ 75 and then EQ 76.
EQ 69 can’Pe si nplified using EQ 67 and EQ 68 to give EQ 77 and then EQ 78.
EQ 72 can be si rgl ified using EQ 70 and EQ 71 to give EQ 79 .and t hen EQ 80.
15 EQ 76 can be Gi¥enifs pipepndSsipeohan angleqtheepryespondingiaacle &s qliainadaiing @ twey g2

Equat i ng EQuRdntanthnBnangqsal ving for B yields EQ 83 through EQ 85 and
finally EQ 86, which defines B. Substituting the value for Binto EQ 82

and siqgpl i fying yields EQ 87 through EQ 90 and finally EQ 91, which
defines A. 20 This therefore gives the x-y offset of the tag 4 fromthe
Vi ewpoi nt . since A—txfgm_@éhgét. 8.4.3.3 Solving for Pitch From EQ 68, EQ

92 can be3dht-4i Raving
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.
15 EQ 76 can be re-written as EQ 81, and EQ 78 can be re-written as EQ 82.

Equating EQ 81 and EQ 82 and solving for B yields EQ 83 through EQ 85 and finally EQ
86, which defines B.

Substituting the value for B into EQ 82 and simplifying yields EQ 87 through EQ 90 and
finally EQ 91, which defines A.

20 This therefore gives the x-y offset of the tag 4 from the viewpoint, since 4=, and B=1,.

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.
25 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.

30 From EQ 96, EQ 100 can be obtained.




From EQ 67, EQ 93 can be obtained. From EQ 64, EQ 92 and EQ 93, EQ 94 can
be obtained. 25 From EQ 65, EQ 92 and EQ 93, EQ 95 can be obbaifa¥-20d5 om
EQ 70, EQ,94.& nd 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. 30 From EQ 96,-&8®-100 can be obtai ned. 20 MAY 2005
NPS028 -83- From EQ 97, EQ 101 can be obtained. From EQ 98 and EQ 99, EQ

102 and then EQ t rom EQ 100 and EQ 101, EQ 104 and
t hen EQ 105 can F%%ﬁgb arn @dﬁ? %l& %Eéle 03 and EQ 105, EQ 106 and then EQ

0 b b d i i d bot h
vonSerorshnee TP AR B Bl e 2 L S 20
and hence non- Zei{glry Eﬁ’a $ﬁ901 t]EGlﬁtPandtﬂn fﬂé)re]méﬂr}lﬁ L ZEr o if the roll

IS non-zero. Spe or zero pi I's described in
Section 6.7.3.1 f the sine of the
pitch, since F= g’?‘}’(@@& %thﬁgel%éﬁémgg%n@?g fo’lh%m%ftch by EQ 73,
accor di gto EQ 7 th osi ne ( itch is
vy Dosi ¢ ve BT il Bt Shsinie G tihaft qoaﬁrﬁgg%ﬁeé%aa?n fre 88t " he
3 ign OL gk@) itierolf s alwi@ \pesive, andH&ice heh- ﬂ:gd ahesinedr thyroli(Hek oﬁ@&ﬂﬁgero ﬁ&hed
escribed in Sectio ven and F I s then obtaine
accor di ngr‘f S BeY-559 . pe‘“&g‘ﬁh"%‘%@g%ﬂz\?f"@w?@?dr%fsligi%‘%#@#ﬁ@“fg? 1020 110 can
be obtained. FromEQ 73, EQ 111 and then EQ 112 can be obtained. This
therefore gives Hisdhsraigr &lYfaéhed‘I‘agPl"i‘éieé’ifﬂ’éSE‘F of {g pitchy pincediTiingh) %E’éllhﬁ‘&"ﬁ)the and

hence t he cofRIENSE th ltcgﬁ,y];@e-/grmcj,rdp%tg@)ﬁﬁs according to EQ 113. Since jyi]j

< n/4, the cosine ( of the roll is always positive, so there is no
ambi guigty 20 W‘B‘?& ti(ﬁlgd?ﬂ tﬁphgosﬁlg LCBT 6 ®0ltch iERGvaSE IRk, I@ersiidfo ﬁr'ﬁ%gmty
however, nust be determ ned by other neans, as described in Section

6.7.3.9. @hewigkias thegqudre nOhfeThemlgn qféhetsm@rif’bb@wvlqeawad@dpfamgedttwOE@rmms
8.4.3.5 Sg;agsé}gmgg{se}{g‘yﬁﬁg)m EQ 73, EQ 92 and EQ 93, EQ 115 and then EQ 116

can be obtal ne
Given E and F, the pitch is then obtained, according to EQ 109.

8.4.3.4 Solving for Roll
15 From EQ 103, EQ 110 can be obtained.

From EQ 73, EQ 111 and then EQ 112 can be obtained.

This therefore gives the magnitude of the sine of the roll, since A=sin(y), and hence the
cosine (G) of the roll by EQ 73, according to EQ 113.

Since |y} < ®/4, the cosine (G) of the roll is always positive, so there is no ambiguity
20 when taking the square root. The sign of the sine (F), however, must be determined by other

means, as described in Section 6.7.3.9.

Given 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.

25 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 { (¢,) is negative, J (1/X) is positive, and IJ < —1 (because iz| > A), then EQ 122



25 From EQ 92 and EQ 116, EQ 117 and then EQ 118 can be obtai ned. From EQ
92 and EQ 116, EQ 119 and then EQ 120 can be obtained. In EQ i@wAg@bdsence
EQ 118 ang 58 120, the sign of the square root is determ ned by the sign
i, whi Ch>ean be determ ned from EQ 80, giving EQ 121. Since | (t.) is
negatlve, J (1/A) is positive, and 1J <841 (because It J > 2,), then EQ 122
20 MAY 2005 NPS028 -84- holds. Gven C and D, the yawis then obt ai ned
accordi ngh§ EQ 123. 8.4.3.6 Solving for Viewort Scale The cosine (C) and
sine (D) of The yaw are by definition never simultaneously zero. 5 Since

the costne (B) Qydteall W Ja3 DRUSInER Qe BRIEERE7 OF EQ 68 can

t herefore al ways scale (8). If Dis
non-zero, then fromEQ 67, EQ 124 can be obtained. Oherwise, if Cis

non- zer o, f an be obt al ned 8.4.3.7 Solving for
Focal Lengt‘ﬂfﬁo §§%ﬂ1§ 16§ végrr\%%%%e COSI ne e?f the roll is never zero,
either EQ 70 or °?im‘i: g9d sings@h of ShGBAE A bﬁ{e IREion RE¥T SEYERegpsly &¥igt h

(J), s& I@ﬂﬂeaécsglﬁéx oitth@ R GERVA zefoDbilhel BQH0 1 EOY 63 can HRMEHEElwal R 1840NS
of the sines (F and ? he pitch and rol | may not be known. wever, the

si gn of t%de&rl‘@ﬂﬁéhevcmft@falﬁt sines of the pitch and roll is given by EQ
103, as shown in EQ 126. The sign can be assigned arbitrarily to F, since
the sign of J |éfl?rlr‘b‘mZaropﬂl%ﬁ?mmmgﬁ‘l13'140&15'0%@1?@'(o then from EQ 70, EQ
127 can be obtained. If hi is non-zero, then fromEQ 71, EQ 128 can be

obt ai ned. | n prddhsreise, if Gds norupoethereior EQ o$s ERQgl2Eepn! bigingdEQ 128 i s based
on which of gi and hi has the larger nmagnitude. The inverse focal |ength

is unknown if _gi_and hi are both zero, i.e. if the pitch and roll are both
zero. 20 §443§ FobgngifelF el Leng#y set Once the inverse focal length (J) is

known, 1 he z of szmﬂar@;L)mntesthe)brhsmer(@m of themlE@nB@ar zexa;:mmedEQg?Otcm Eﬂgnzéh be
Again, t he of lavers (o) engt

o s 81 deffiint e e KEM Bnich DS bk S 3find WBE bt B3] ibairfion g
Directi OanfNeertthél sigiiCofid $inekH{E a8d G odthetplteh prdodl aday (ote fownhHowévers sheof
the pitch and 26, . Si 7cl4 < c/ 4, roll
Ut rensienpt o pogicd (i he oo ik DRl i s KR 1B bl 1.

positive, The sign can be assigned arbitrarily to F, since the sign of J is known a priori. If gi is

15  non-zero, then from EQ 70, EQ 127 can be obtained.
If Ai is non-zero, then from EQ 71, EQ 128 can be obtained.

In practice, the choice between using EQ 127 and EQ 128 is based on which of g/ and Ai
has the larger magnitude. The inverse focal length is unknown if gi and Ai are both zero, i.e. if the

pitch and roll are both zero.

20 8.4.3.8 Solving for Z Offset
Once the inverse focal length (J) is known, the z offset (J) is obtained from EQ 80,

according to EQ 129.

Again, the z offset (Z) is unknown if the inverse focal length (J) is unknown, i.e. if the

pitch and roll are both zero.

25 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 < n/4, a roll adjustment of +n/4 can be introduced to ensure the roll is always positive,
without invalidating any other assumptions. Once the roll adjustment is introduced, EQ 126 gives

the sign of the sine (F) of the pitch alone.

30 The roll adjustment is introduced as follows. The viewport scale (), inverse focal length



wi t hout invalidating any other assunptions. Once the roll adjustnment is

i ntroduced, EQ 126 gives the sign of the sine (F) of the piteh mhg%ofgo
The roll %gg#gst ment is introduced as follows. The viewport scale (8)

i nverse foc | engt h 20 MAY 2005 NPS028 -85- (8), and z offset (I) are all
conputed as described. A 3D transformumggrix is created fromthe 2D
perspective transformmatrix. The inverses of the viewport scale, focal

| engt h pr ectlo ransl a ed to the 3D matyix in
reverse o fse?& fcg hcﬁ%‘?‘f% ¢ e§°ribﬁ%?Pg%ﬁraPsé%'“b’§arBFés crﬁ‘ﬁ?‘ﬁ“ﬂ? W t he
matri x by parspﬂcﬂvq/trﬁmfoahlmmmlmvers'Ehef el \hewﬂmrtt whie Afodal eyt e jectsrpatided as
5 described. .S nce the ositive, itch direct. n known.
The i 4 ¢ SRS G helie of e SpTHBRY b et ol abe iR s fien p@p G Hepiene
actual rolndultiphien tHeh@atriel ty aaﬁtrdr plrbﬁhoxﬁﬁﬁtraotme #8l, itch hed fyaw alre lcemptdy and z
of fset are bath unknown as described above. However, in'this case there is

no need t desstPids Sinehtherolf s Ropifive thenitchidireqiion Agingvo knovay She atrelhadiusenetis 10

8.4.3. 10 I3 dubihcRRnth O (3BT RRLbwMpQD either the pitch or roll is
zero, the gerieral solution baséd on EQ 10/ beconmes invalid. The table of

Figure 85 shows Wh& ¢ rdiens 'B%l@ér@ bR rzg‘ﬁ tﬂé foEQ l&%ﬂ‘} Qxﬁglb@ﬂ?tgg Yoth S\DH as

result when the yaw is variously zero on Zer o,
and the pidessribedrloveoHpwesier m&h&wﬁ@ahqrfg/lszwerneedénddmss thezell @ncerth@pltcatanrérodifare

Fi gures 8§]r@aggkmnsets out the required logic for detecting 15 and handling
cases where the pitch and/or roll are zero, with each case notivated by
zeros appearing in the table of Figure 85. The cases in the table of

Fi gure|0853a(§1bah§ha|% zélrorplidj,ea,{cpﬁg" nunbers fromthe table of Figures 86
and 87.

ventl on has descr h reference
to a pr ef erred Q‘%Ied‘d‘?% {ﬁ é’ﬁ °r2f? rfﬁlﬁffgrtthge "g Q‘F‘%“ 5¢ P‘hi:tq 'i J becomes
enbodi mentsalidiane ethle of Figink 185 shewsamp necab@iladteﬁynﬁshﬁsm s ithrb@m EQ 7 Rehich

rel evant fi eI ds that a, nunber of other enbodinents, differing fromthose
speci fi canSS}t YaLLthE Bry is vagipysty 251959t Pard2 @ W)naltdﬁ@ngﬁpfar@w b agpellgre t he

present i RyRLIy 980 afERALALI The/table bf Mhirks §PandRY @é@ 5&% rec@uh@ttl 10RGor dieefd On
is not _intended to be limted to the specific enbodinents described in th

presen apbbrdlieacnsh Whercihe gty aa@%em FREin®S Zerfe ofifloragh easehipotdiated sty edresr en c e
as appr opghRhéng ﬁll-hl?e 12kl B?F%ﬁretsrﬁe'l"h@érsés']ﬂ RRLUEND of BigRPlgY alel TIESwWRY tHeNGse

attached cl% ai ns.
numbers from the table of Figures 86 and 87.

CONCLUSION
The present invention has been described with reference to a preferred embodiment and

20  number of specific alternative embodiments. However, it will be appreciated by those skilled in the
relevant fields that a number of other embodiments, differing from those specifically described,
will also fall within the spirit and scope of the present invention. Accordingly, it will be understood
that the invention is not intended to be limited to the specific embodiments described in the present
specification, including documents incorporated by cross-reference as appropriate. The scope of the

25  invention is only limited by the attached claims.




1. A sensing device for generating orientation data when positioned or
noved relative to a surface having coded data di sposed therei poaAly®o%HON,
t he sensing device including: an orientation sensor configured to generate
the orientation data, using at |east sone of the coded data, the
orientation data being indicative of at |east one dinension of a rotational
orientation of the sensing device relative to the surface; and

conmmuni cation neans configured to conggini fate at |east position data to a
conputer system the position data having been generated in the sensing
devi se and been at |east partially based on at |east sone of the coded
data and the orientation data. 2. A sensing device according to claiml1,
wherein the orientation data is indicative of a yaw, a pitch and a roll of
the housing relative to the surface. gl.Afyssensi ng device according to claim
1, further including notion sensing neans for generating novenent data
when the sensing device is noved relative to the surface, the

conmuni cati ons fi ica v t data to
The compater ¢y Rak Al SRt A b8t B S THAL R Bodd I RERR R 67 .

i ncl udi ngsurége bavmgzbeddzd data ch@n@dml@prmambere@oﬂuﬁisgmmgdem@ isdmie: when t he
sensi ng deV|ce i 0_a,regi.on t he urf ace,
and using at ah 8?8193%05% ﬁ%ﬂ&r%lpg\{gg%lelt% eathé ria'm'dmorll %?éah i %/atgeefi‘?t SOIinte"lfﬁscati ve
of an i detttelcvwdciata thi erienggion data béiag mdmtwmoﬁatl@astrme dgnsiobef argtattanf | gured to
comuni caf e 1 %n |9 Smgnﬁ% Aatag to-the conputer system 5. A sensing
devi ce accor ere| ntht Re notion sensi ng neans is configured
to generate theomnummlnn ngatsgoufigung tat:omrelasctatesxbimst@ﬁsmdneiataodedomtmta 6. A
sensi ng deyi r e t als

I L s R e L
sensi ng nb@qéomallwgtsvmnbf@tap@ﬁdﬁ@aQMcam@taaonw 2005 NP8028 87 t he
novenent data on the basis of the sensing device's novenent relative to at

| east one of the reference points. 7. A sensing device according to claim
5, whereip the qoded,alaeAcluies ARH PlifereiPut! SERMG 18 MIRLERNSENST Ng
nmeans bei ng con Igured to generate e rovenent data on the basi s *the
sensi ng dEW@edltshmskﬁerménftheabmamgw@attvot{a@esms@ one of the periodic

el enents. 8. A sensing device according to clains 6 or 7, wherein the
notion sensing neans is configured to sanple the position of the sensing
device relative to the at |east one reference point or 10 periodic

el enent, Bher eby $cgsipedeviest eccodmg o \edavpnt ferghen inchding mettps| sspsinemeape for

accor di nggérﬁraﬁhg'n%\/@meﬁt Uk Gfheh N ‘ééﬂsfﬁg R8st 3ked Efélﬁﬁvréa{o' i ﬁ?f@&l;,s the

communications means being configured to communicate the movement data to the computer

System.

4. A sensing device according to claim 3, further including 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.

5. A sensing device according to claim 4, wherein the motion sensing means is configured

to generate the movement data using at least some of the coded data.

6. A sensing device according to claim 5, wherein the coded data is also indicative of a

plurality of reference points of the region, the motion sensing means being configured to generate



configured to estimate a di stance of the sensing device fromthe at | east
one reference point or periodic elenent. 15 10. A sensing degpqgagcRipsdi ng
to clai m Qggpherein the communi cations neans is configured to communicate
di stance data to the conputer system the distance data being indicative of
the distance. 20 11. A sensing device-8gcording to claim9, wherein the
notion sensing neans is configured to use the distance estinmated by the

di stance Q! LPRIdeRNdREE e bQsit @ﬁfﬁle \éghs MY iCe: @GOV (PRRL td AN onet &ethe
sensing devi ce than indicated at | east one reference poi nt

periodic e¢fergrgstpoitsone. 12. A sen5| ng devi ce according to claimb5, furt her
i ncluding orientation sensing neans 25 configured to sense an orientation
of the sensing device relative to at |east sone of the coded data. 13. A
sensi ng device according to claim 12, wherein the comuni cations neans is
configured- to Aontnswec ise achaspingtth oaintad,awherein Hbe cotqdutiats imojwies periedie
orientafi Vi f t

NPs02e > Ba > e sl cohtifined®h BABLE OBl B B SRR of 1
sensi ng mtErssnsingolevide's mavemenbrbtivoat h@ce‘heeqf&teip@riocﬁedsmﬂgs. means, the

accel eration sensing neans being configured to sense acceleration of the
sensing device as it is noved relative to the surface regi on, the novenent
sensi ng neans being configured to generate the novenent data by

peri odi caldl y sarpkénpigstdeeice Becauling tor eleinert od 3. whersionthé mptide sérs@ganens di ng
to claim ' [ nf| red to sense
at 1east +amethRiekielelfy ARRRARERL kR BN R e e B R 0B
sensi i dewiee eal@uﬁnt,(!hel@ylt@gembxaiemhednovbmmtmem. i ncluding tinmer neans
configured to generate a time reference as the sensing device is noved
relative to the surface region. 17. A sensing device according to claim 16,
wherein the comuni cations neans is configured to communicate tine

ref erence%dat a tAosdankiag denpuiceerdmygtte wairh e furthee inpblﬂ'mg etndisimtatestixhn&ion gneans

i ndicativ f t | e t a as.aener at d by
the tiner %(?rlg-éﬁiéea t‘i§gﬁlﬁttésg?glfa§% dtgt\rl}lggeén%a c(fc])‘?1 i ng to c aiasmo ¢ Tef e“rcgipﬁ‘nfﬁlé
comruni capenls elans is a wirel ess conmuni cati ons neans. 20 19. A sensi ng
device according to claim1, further including a force sensing neans
confidgdred to sense a force applied to the surface by the sensing device.
20. A sensing device according to claim19, wherein the conmunications
means i s é@nfi gdrseosing device according to claim 9, wherein the communications means is configured

to communicate distance data to the computer system, the distance data being indicative of the

distance.

20 11 A sensing device according to claim 9, wherein the motion sensing means is configured to
use the distance estimated by the distance estimation means to resolve a more accurate position of

the sensing device than indicated by the at least one reference point or periodic element alone.

12. A sensing device according to claim 5, further including orientation sensing means

25  configured to sense an orientation of the sensing device relative to at least some of the coded data.

i3. A sensing device according to claim 12, wherein the communications means is configured
to communicate orientation data to the computer system, the orientation data being indicative of the

orientation.

30



to communicate force data to the conputer system the force data being
indicative of the force. 25 21. A sensing device accordi ng tosglpanddds
further ingkyging a stroke detection nmeans configured to detect, by way of
the force, when the sensing device is applied to the surface and renoved
fromthe surface, thereby to identify tB8-duration of a stroke. 30 22. A
sensi ng device according to clains 4, 5 or 14, further including a marking
nib for 2Q,4VMAY : - 30 i RQ . j ice
accor di ngqt4 o cl gfip %ﬁggwﬁh%r%gﬁoﬁ(ﬁ?%ﬁ%h? ] ﬁgagg\%{%&iggw?%é?sﬁ@ r?%?srgnfn@g deg%¥
styl us or lgseinonesacpeferatipnseepgiigngeateyihe aceglecasiod isengingonaha beisg ¢onfighred ¢é¢ pensthe
coded dat g,.d LAl LnRvi si bl aj Y, ;
ensi ng dasiRaanse il bipd dbfild & §)E mobed I RERTRoR e e,
usi ng i nf sensing mdads ibplng cwhlégusaini grapedtsvihe endyeinery dasipo psiodesally saryding rthe ar ed
spect ruym agc%erd%ioﬁenSi ng device according to claim®6, wherein the coded data
i ncludes a pfura ity of tags, each of which is indicative of an identity
of aregion within which the tag lies, and of a reference point of the
region, the region being associated with the surface, the reference point
being 15.tndicagtiyve. of. th .tion of the ta tthin the region. 27. A
sensi ng del\B/i ce 2%3%%3? ndgeglltC % agﬁ%gd'ﬁrﬁ % c@ﬁerlg’i Wﬁﬁrﬁgvﬂé%a%cglerg £ SF'%%: udEss &
pl ur al i t y coffiguted dssengant Feagsfiwavhibsthntially bmichigomd tongpoaéntaof acabdemdtiony of a regi on
within which the tag lies, and each of which includes at |east one
periodic elenment of the coded data. 20 28. A sensing device according to
claiml1, wherein the orientation sensing neans is configured to infer the
ori ent® i db. fr oA pasinpalevice ecodiditeotot ¢laim 4f fustherl ipalsding dimer afeaishenfigded] tdat a.
20 MAY 20 - = ABSTRACT A sensi.ng devi.ce for geperat.ing orientation
dat a V\/nen%g%ega???%‘%‘gﬁfecr)?mgﬁgﬁ%lsern ararive’ Igovéegée&%vggoet,ﬁe gﬁ%“orrﬁ P8t ati on data
being indicative of an orientation of the sensing device relative to the 5
surface, the surface having coded data di sposed upon it, the coded data
the ensi g deviisel ey R RESRiNa Lt RENALEH dRRSnicliont NEards SRFZILL™

to communicate time reference data to the computer sytem, the time reference data being indicative

15  of the time reference of the movement data as generated by the timer means.

18. A sensing device according to claim 1, wherein the communications means is a wireless

communications means.

20 19 A sensing device according to claim 1, further including a force sensing means

configured to sense a force applied to the surface by the sensing device.

20. A sensing device according to claim 19, wherein the communications means is configured

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

25

21. A sensing device according to claim 19, further including a stroke detection means
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.

30 22. A sensing device according to claims 4, 5 or 14, further including a marking nib for



nmeans configured to generate the orientation data using at |east some of
t he coded data;, and communications neans configured to comurRigqAAY Zeds to
a conput erypgypgt em 10 (Figure 8)
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marking the surface.

23. A sensing device according to claim 22, wherein the sensing device. is in the form of a

stylus or pen.

24, A sensing device according to claims 1, wherein the coded data is substantially invisible

to the unaided human eye.

25. A sensing device according to claim 24, wherein the coded data is printed using infrared

10  ink, the sensing device being responsive in the infrared spectrum.

26. A sensing device according to claim 6, wherein the coded data includes a plurality of
tags, each of which is indicative of an identity of a region within which the tag lies, and of a
reference point of the region, the region being associated with the surface, the reference point being

15  indicative of the position of the tag within the region.

27. A sensing device according to claim 7, wherein the coded data includes a plurality of
tags, each of which is indicative of an identity of a region within which the tag lies, and each of

which includes at least one periodic element of the coded data.
20

28. A sensing device according to claim 1, wherein the orientation sensing means is

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






