COVPUTER SYSTEM | NTERFACE SURFACE W TH REFERENCE PO NTS AND CODED MARKS
FIELD OF I NVENTION 5 The present invention relates to a method and system
for enabling user interaction with conputer software running in a conputer
system The invention has been devel oped primarily to provide a ‘
surface-based interface which allows a ,user to interact with networked
information and to obtain interactive printed matter on denmand vi a

hi gh-speed networked color printers. Al though the invention will |argely
be described herein with reference to this use, it 10 will be appreciated
that the i nventPPURUTER SYSTEM INTERBALE YURFAGE WITH REFERENGE 2DINTSOANREINDIENG

APPLI CATI ONS Vari ous net hods, systens pggksapparatus relating to the present
invention are disclosed in the follow ng co-pending applications filed by
t he applicant or assignee of the present invention sinultaneously 15 with
t he present application: PCT/ AUOOQ@BB%,'N‘FE@TP/NUOO’ 00519, PCT/ AUOCQO 00520,
PCT/ AU0D01680521, PCH ps@Oib@Rba Blates tPChHAKNIRAY sQRm 2t enabag hsMi A0 S2bcomputer

PCT/ AUCO 0058 are Rerfide M RRRglm. PCT/ AUOOD' 00528,  PCT/ AUCO 00529,

PCT/ AUCO' 00530, PCT/.AUOO/ %’gg@jlﬂ PCT/ AU0Q/ 00532, PCT/ AUOQ 00533h

PCT/ AU00/ 00534, PC17'AGS6] i devilap PR @RS @ SO ROk allows 2

PCT/ AUOO/ 00358t ipeiptif roigded inyrsaon and@PbiaiDe/agiosmited FRET byidoa/ 00Bghispeed

PCT/ AUOO/ 00 54BorkeRColdr pikke) Afb4ABthe inf26tibA MIUIKI1) OEdribedKekinAICY- QRS Bhis use, it

PCT/ AUCH Q0547 ne a@%étﬁlfm&%%gﬁs 1%@1(11@&:@1@4 Q%%‘lld PCT/ AUOCQI 00556,

PCT/ AU0O/ 00557, PCT/ AUOO/ 00558, PCT/ AUOCO 00555, PCT/ AUCO' 00560,

PCT/ AU00/ 00561, PCT/ AUOO 00562, PCT/ AUOQO 00563, PCT/ AU0O0/ 00564,

PCT/ AU00/ 00566, PCT/ AUOCO 0056 70-PENDINGIBBPLOCOAESNS PCT/ AUOO/ 00569,

ECC'Tr; 2&8; 88570, PLibhsAbROAs 0GBk, and Bppkses/ réa@%g%@zr%engﬁ(ﬁ%&géd%g& B the
. o0 |

PCT/ AUOQ) og%:""%g%@ ‘g%‘g‘%fed Rk Qg g’é‘??ief’ o fi&*‘@’cﬁﬁ‘ﬁ‘ﬁ%%‘ﬂ’,ﬁé“”“""

PCT/ AUOQ Do BES e 1P} smpISEiPH 0587,  PCT/ AUOQY 00588, PCT/ AUDO/ 005809,

PCT/ AUOO/ 00583, PEIZEUOXNGHR, BOF9RY/0RETFAUAON/BHOB; T/ ARCTH0ALIOR TO0SOE® 523,
PCT/ AU00/ 00592, RGTAUBDGISE QRS I 100/00565 TE ALK O IR0 T/ Aled/b 080 TRBO s 25

ey ceoar (LR il A0 ey il ADd G HAPLD0517.  The

di scl osures of these co- cations are’incor ein by
cross-reference.” CT@)&@P@Q&N@A RS ERRTAUOYOATEPCTYHLOM0GE RA/AVRY®FHCt with a
conput er2Gyst em RASUEIONOSHORE/S100/00S40NRETEALHD/6054 ABCTHRIO)/ B2 3T THINI00ES, 2

conput e r o tor pcﬁﬂdqo@rﬁhs@ﬁﬁmﬁ@bﬂs&?pc&#ﬁﬁm@o&ﬁdﬁ%&)%&l&, %T/A%P&&Eﬁ{"}(er g
nmouse. ilst s ey are relative ul ky an
non- port abl e, alrilccf§Jr éAéJr‘u’%"ggcﬁkﬂffﬁ@“%ﬁ%ﬁ‘ﬁé@h’%{%‘%&’ %QT&U@@%”PVEP%@%W@T ded by a
pen applied to pHFETIVRIBERRTEYU0R0REZRREA{AUN0SE REHSI0005HRCTIASIOMO0MISr e
confortabl e andPEIOYREVNSEIRCTIATDGI0CESIRL TN /00859, FITEUD®O0s TospCIIAweddos, Vi sual
charact ezg sti cs gighuodGos RS0l ; PPN B8403R! RSB0 sHTRLbPRsTseCOr ded on

paper 5 gener al b b, R ARRboRls Aol sts SR AoSibsti b aliiiodds, " SCO" ded

PCT/AU00/00582, PCT/AU00/00587, PCT/AU00/00588, PCT/AUG0/00589, PCT/AU00/00583,
PCT/AU00/00593, PCT/AU00/00590, PCT/AU00/00591, PCT/AU00/00592, PCT/AU00/00594,
PCT/AU00/00595, PCT/AU00/00596, PCT/AUGD/00597, PCT/AU00/00598, PCT/AU00/00516,

30 and PCT/AUQ0/00517.

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

BACKGROUND
Presently, a user wishing to interact with a computer systern usually does so using a display device
35 such as a computer monitor and an input device such as a keyboard or a computer mouse. Whilst such
interfaces are useful, they are relatively bulky and pon-portable, and can lack the immediacy and
expressiveness afforded by a pen applied to paper. Moreover, in many situations, paper is 2 more comfortable
and convenient recording medium, due to its superior visual characteristics and its portability. Nevertheless,

. information recorded on paper is generally not as accessible and malleable as information recorded on a
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conput er system Furthernore, unlike a conputer interface, a pen applied to
paper generally lacks the ability to control conputer software. OBJECT It
is an object of the present invention to conbine advantages of paper-based
recordal of 5 information and conputer interfacing. SUMVARY OF | NVENTI ON
In a first aspect of the invention, there is provided a nethod of enabllng
user interaction with conputer softvvare running in a conputer systemvia:
10 an interface surface containing information relating to the conputer
software and including coded data indicative of an identity of the
interface surfricesygemdrughereate, inglestcoranter inteher apaceplpoic Piper@bnetilydacks it etilfnac e
surface; anscoarb@nskN@reheyi ce which, when placed in an operative position
relative to the interface surface, sensggmj [ildl cating data indicative of:
the identity of the interface surface; a position of the sensing device
15 relative to th& ¥t a¥rheths waeﬁc@enﬂamfgmme fdgsgtages afoneeer-brped triserdat ofled

dat a; the5rmmfmwownd:ctommtmgtetfdoeg steps of, in the conputer system (a)
receiving the indicating data fromthe sensi ng device; (b) using the
indicating data to identify at ?r'bjflh "ﬁi tive elenent relating to
the conputer software; and 20 (s‘?.?aﬁ,f&g t % conputer software in
accordance with i Hist Fei@eps Ashaisenion hewds mivided 2 mehod iof ¢nehlingt usey ineractiompidy act i ve
el enent. | n compeceinde aseita cohputhgstevisent i on, there is provided a nmethod of
enabl i ngigiser int %@te;&akeqn}fawJommrg%uéugmmyow l;t&@sh!wﬂgagdr}mgi " 57

system thed‘[;pa(pt fn dn iqthe steps of; providing an Inter e surface
cont ai ni ng: T MaL ar(‘)‘ne"rtéf’ AR °ﬁ@1d8%‘hlﬁﬁf|‘t°éermf tRREToEthe infrficesBed 25
data i ndi catai‘d\/e of an identity of the interface surface and of at |east one
ref erence point oﬁsehh@dexrueeahi‘cla@aﬂenmﬁa‘da&&,opera.mdpdmﬂontrhﬁv&{aﬁﬂwﬁt&fﬁce%Mﬁ&em (a)

receivi ng i @&t!‘»eg @x&léa dg%ﬁcafl\rc%mhgid&%{}%f tﬂgi tg'giye sﬁrﬁn‘:e gnggpc!smg d)? %IE sens e.@i%ea bei ng

i ndi catl,Y OE: he Intertace face, ion of the
sensi ng deviFE q“ed‘EtT c@ c"t"lsfégaflﬁ?‘é?’?%i’@ée@?fflf%e t he |nd| catlve 30 data
bei ng sensed whentht hrthod m¢luiing the ehpyifdnthd compylerspeeh: i N an operative position
relative to@he irﬂh@xﬂﬁt&eﬁﬁhc‘iﬁi@&a&@ﬁmthebbﬁgin@&vﬁé Ieast some of the coded dat a;

( b) usi ng t *Eb‘? i nddsﬁfl:hé ﬂlglca%ﬁé ta t9 1&6&%}1& osle mterac §et eIe(r)nQn fi_lart};[lgetg (’%th | Ve el ement

relating to the conputer software; ating fhe corrpufménr 'sof t war e
i n accor dan&&™ & i nstructi ons assom at ed vvlth the at |east one 35

i nt er act?We @| enmemtratingthe foppwdy lsafiwart in abdogarfd wistinsanihnssocnd vas pe et i@st ofiehe

i nt eracti ve ineheeddnadtS associ at ed vm'th a zone of the interface surface,

and ste b) incl n i on_of, device to jdentif
p ( ) Hq%éon"d%%ecgoft the v 1on ere 15 grovxde% tﬁo% o? rl)g?gr%ea m&a%BI&W%M S O]Y

t he zone and thereb nt er ac
the first aﬁ‘lﬂ’*’?@é‘ﬁtﬁﬂe%@’ﬁ'é&‘?§°mthﬁé“§’éﬁ’§|“ﬁ'§°ddf§W”Eﬁéheg@§eﬁ* ates novenent

providing an interface surface containing: information relating to the computer software; and coded
25  data indicative of an identity of the interface surface and of at least one reference point of the interface surface;
and
in the computer system;
{a) receiving indicating data from a sensing device, the indicating data being indicative of: the identity
of the interface surface; and a position of the sensing device relative to the interface surface, the indicative
30  data being sensed when the sensing device is placed in an operative position relative to the interface surface,

using at least some of the coded data;

&) using the indicating’ data to identify at least one interactive element relating to the computer
software; and
© operating the computer software in accordance with instructions associated with the at least one

35  interactive element,
Preferably, in the first and second aspects, the interactive element is associated with a zone of the

interface surface, and step (b} includes using the position of the sensing device to identify the zane and thereby

the interactive element.

In preferred embodiments of the first and second aspects, the sensing device generates movement
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NPT013-SG 3 data indicative of its novenent relative to the interface
surface, using at |east sone of the coded data. The nethod then includes
the step of receiving, in the conputer system the novenent data, wherein
step (b) includes using the novenent data to identify the zone and thereby
the interactive element. In a third aspgct of the invention, there is

provi ded a system for enabling user interaction wwth 5 conputer software
running in a conputer systemvia: an interface surface containing
information relating to the conputer software and including coded data

i ndi cative obtaidicitivhenfifty thoyengghit réldtige tp fite atefiae eufge nfir@@eicatnaneaf thatoddi@astthone

reference pahdtbd @én ihches itHa @y f)f@@c&mﬁél kn tﬁ&&mpute@ﬂrgen@ 1% SR a A VLR s}éptb? h when
placed in an, Qp&L& ‘:hggovgzg ldgtaglden %' ezgnﬁ andth ﬁpmlefntegit grhace surface,

senses indicating data I n icative *YHE nter f ace surface
and a position of h&kureiohye d‘é’"‘\?ﬁ“t‘}e‘h‘*wr’éPfa‘t“iei’/eSYFtG“ fohenaliting werfimgsastios witf ace,
usi ng at ¥ eastrugonirvaefuntipdn oot gadrada: t he system being configured to, in

t he conputer syst Qﬁterfa(z@s)xrfa&qgﬁilﬁﬁ% nﬁfmmi’mﬂgﬂaﬁ Iolti{égonﬁgtgréof{ngg Qﬁdtnnﬁdn%%ghgd ng

deVI Ce (b) d%?l%dl(t,agve 0{ n%%%ll‘tpe(‘:!ntertace lf‘{i d ?at t\:}% eal?l gne | gtsergCtl ve

el enent relating to Ut er Q! atleap %{Ffﬁf"“f“c")" OHEF BF&sHEct onput er
software in &’ccordance Wit h instructions associated with the at | east one
interactive el ementensilgnicdoefwpldh, tenB4o@ai arDdperttRe pdsitdsQBEvOR, theli@AR sirficePr OVi ded
a systemyg orsen@mhxtmggmu&%mm% ?a%!ygﬁmwnmce s%a@a% SLosit g&@se%mr Wping in a
conput er systla%r’gt &e]nterfégsv%m i ncl ud I ng: an interface surface containi ng
& OB P %"61*‘?

i nfformation'rela W& &%nd i ncl udi ng coded data
i ndi cative of an Fhﬁl%é’ﬁ‘t“illeyg@ﬁfg’e‘fh@ simfleepfraesyssor f ace and of at | east one
reference pant Ofcelvénge iditbiBg fa00Om & kehig@évice;t he syst em bei ng configured to,

inthe co np |(§) er Sﬁﬁlﬁﬁﬁwat(ng)latar tt? ﬁ&hf‘}@t léag grle rh S ctﬂgelgmae‘tt\t %}atug}?on{ln? c}.%p%ga d evice ’

thelndl%a g data being indicative o I dent {ertace
surface and“3 d position of the sensing device relative to the interface
surface, whéein ke Sepayiove sofdre diesceadance wite instpdtions egodiand aih Gp eriattiove

posi ti on r elinbtdctivecldnntt he i nterface surface, senses the indicating data

usi ng at | east SB%ougﬁ %Jgteof %Qﬂﬁgmcg%e‘%e lS% de?| afyst;[:nt] glt' enQo(ijl Cu%ér Imtf]e ct?nzli § %1 to

identify at | eatst one Interactive el enen
software; &RE"TEY 8&81’“&‘?5‘%?1@“‘8‘6%81‘@&%’6%1%9 in accor dance with
instr uct?(bns as s o izndrivg syfadelvontalpig srfortha@s¢latiagre the 3Dpiitdd be@vAE nkl iheudle edaeNt .

Pref erably, ditdndiche bl ititpsrehe frRktict ﬁfﬁ@ﬂ@Qﬁaﬁeastt:ﬂ:@eféréﬂée%&ﬁ%% the ﬁerﬁée%c@'t i's

associ ated with athgﬁge%bgg (.‘.E)It}e dltng ecg‘ncgterssurface the system bei ng
configured to use 6n 0 AR ng device to identify the zone

and therebf® t he THtEr i \iﬂ& f’@i“é ﬁ?éﬁrtg devrfﬁ th findiFaipg detg befing indigativf of thiyidentitpt d  and
f ourt h aspett pierficherfisens @ pgticdefhcensge feipati@Se DY BidFiad suflad, ¥herebbhelsiisligCat | ve

of its rEBvenwnd wheab@ded ¥en Jp&attvbﬁasxhﬁtrﬁihtxﬁgﬁe ﬁ%at@sﬁ&cy§h£ﬂheq{dtcluﬁg§ah ST of
t he coded dat}@?%@gfﬂg ter systemis configured to receive the novenent

data, whereln I nc 85 usi ng the novenent data to identify
use the mdlcatmg data to 1dent1f:y at least one interactive element relating to the computer software;

and
() operate the computer software in accordance with instructions associated with the at least one
30  interactive element.

Preferably, in the third and fourth aspects, the interactive ¢lement is associated with a zone of the
interface surface, the system being configured to use the position of the sensing device to identify the zone and
thereby the interactive element.

In preferred forms of the third and fourth aspects, the sensing device generates movement data

35  indicative of its movement relative to the interface surface using at least some of the coded data, The computer
system is configured to receive the movement data, wherein (b) includes using the movement data to identify
the zone and thereby the interactive element.

Preferably, the coded data takes the form of tags disposed on the interface surface. In a

patticularly preferred form, the tags are printed onto a surface in the form of a piece of paper, and are
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the zone and thereby the interactive elenent. Preferably, the coded data
takes the formof tags disposed on the interface surface. In a
particularly preferred form the tags are printed onto a surface in the
formof a piece of paper, and are NPTO 3SG 4 configured to be read by a
sensing device in the formof an optical, sensing stylus. The tags are
preferably printed using an ink that absorbs near infrared light but is
substantially invisible to a human vi ewer under normal |ighting
conditions. Wien a user brings a sensing end of the stylus close to the
surface, oneonfguradtyrte rf by 4 dawing degise iathe fanmalye dyticd! Behdizpwietd Gtk gl dre greeaged t O
provide an ipBldGatkg 4 MkQfa: ibklﬁos lnﬂeﬂﬁdrédmg@fbuttlnﬁbs{aﬁigﬂymlsib{e‘f’UB WRCRwa uhdle tag

was imaged, jand.a.position, of sensi n ? rel,atlon to the
surface. Thi's |glnI ormation 1§ ?Jusfeer ’?Msm‘ﬂ%’“ gf}{h“ehr'f "{‘1"°r1"tt°et TPy Ee ET8ieht, and

sof twar e i nMgffeHEIBRr A EETEdpireedsd teprevids ae IP‘EC*"E"H effheg{suiont delregm fomanitasi s of
i NSt r uct i Dnshetes yoEhaptdanld yotitonbhre: strsibeiedetii rlgiotl GaBfthce. TolilidfdaRdtiondspaed s Of

the inventi Qﬁmw PN im&&&ﬁ%ﬂ%&%ﬁﬂk iof aﬁ%cfamh&gr%ﬁ&lg tQJn o&\%eﬁ'gl tﬂ%&s@ }' ed
description, Er ef er%g emtera er_enbodi ments of the invention. 10 BRI EF

DESCRI PTI ON"&F' ef er °%"ae‘eé'r‘%8 ot her embodi nents of the invention
wi || now be descr e ,aSPEﬁ}G Wethe BYentien il pagpme] anpprentefemmsidae direl fyllowing Wékiledef er ence
t 0 t he acconpainjinotpretbiradshd @S embddinbtd The infehigir e 1 is a schematic of a the

rel ati onghi p bet vveen a sanpl gR@gldggggPﬁgh Angkd ts online page
description; Fi is a schematic view of a interaction between a

net page pen, a ne é’ anfl pthe prapdiments, of the, inyeation xill ok be drgepibed, by way.of pndimides nage
appl i cat i on*sEpEAsl; “’*tFre&[PP(etOGhela'FCPrﬂPsWaﬁregn% inv@lch:ect i on of net page servers
and pri nt er Sigiréit ief ClRmRR 6laed ratbtidhshih RSEMDEaliple frin@dhleBagfanki Bs ling FREMRLiiG; Vi eW of

a high-leve hﬁg@é Lr He gchlakganrfewgf aﬂﬂt&ﬁ&o%(getwegﬁ %%%I?ge gel}]!da nlel%alsg%pcl)'il{’]ﬂlerl :P r%g?ge gage se

descri ptj.on; gure is aplan view s het page tag;
Figure 64 s®4? Bﬁit“!"‘l’a?}”@ﬂ?“§ﬁ‘8w ng a relationship between a set of the tags
shown in Fi ewes Bostatveie qlldkfon pitetpike spivayend [29tes fntemonnetepdgeesehsi ng device in

the form of FigudVat PAGRaP AEW of EHGHER! stfuchi® ofh pEJltéaV;\EtEh@J shd iRbriRe foglickAPRGE
processi ng ﬁ%ﬁ?&p‘i’a%@'\gsh%%%”aﬁﬂﬁha gert% is a perspective view of a
g f

net page pen_and 1ts assocl i eld-of-view cone; Figure 9 is
a perspect i FE Db BRSHY Firoup Lpletions PPF@FEJ%?Q‘@“HW%H’BW“FWﬁ i eldgf Vi gure 10
i s a scHéhaticetpiookrgliedgiramiohommnpeeeeant rol | er for the net page pen shown
in Figures ﬁg@mlsﬁtowchaéofE{agﬁﬁg%pééessln§ar1ad&€&n§Q§&.th}nve view of a wall-nounted

net page pr I E&U%B’ isa ﬂil%ecnﬁe VIEW o%a nflgagg ee% and 1ts asso ate%lflagaensng?fl gtr{r%t N,2f the net page

printer of Frgure STan ent 8F°%i gure 12
showi ng a s’é‘é‘t“igdsrﬁpﬁ’fspe‘f“ﬁ"ee"ﬁﬁ‘ﬁq‘@X’éﬂhw‘i’%ﬁe@ﬂ’g‘i‘"ﬁé@‘g‘ﬁﬁrﬁd gl ue wheel assenbly;
Fi gure 13 i Egue I 6k sdhdnett blociediwg@ih otalpen chritiélle€ @i thernitphgEnen shtvka,in Fdufes B4adlo;gl ue pat hs,

and pri 5 eﬂgﬁmﬁagérspsch@v@@sfmmﬁm%&@:mg%ﬁ&r of Figures 11 and 12; Figure

14 is a sch t C inter_coniroller for the netpage
print er shoﬁ%‘Ial l&lsﬁsemtj’?g“sougf%gqm °9%“2“etp% e BHeect f'gmffsl a schematic bl ock di agram
of dupl exed"B¥s 1At @ﬁ@i"%ﬁé PosiPn P Figiute &7 Soviked SIRFIOESha b prik epibes and glue wheel

assembly;
Figure 13 is a detailed view of the ink cartridge, ink, air and glue paths, and print engines of the netpage
30  printer of Figures 11 and 12;
Figure 14 is a schematic block diagram of a printer controller for the netpage printer shown in Figures 11 and
12;
Figure 15 is a schematic block diagram of duplexed print engine controllers and Memjet™ printheads
associated with the printer controller shown in Figure 14;
35 Figure 16 is a schematic block diagram of the print engine controller shown in Figures 14 and 15;
Figure 17 is a perspective view of a single Memjet™ printing element, as used in, for example, the netpage
printer of Figures 10 to 12;
Figure 18 is a perspective view of a small part of an array of Memjet™ printing ¢lements;

Figure 19 is a series of perspective views illusirating the operating cycle of the Memjet™ printing element
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associated with the printer controller showm in Figure 14; 35 Figure 16 is
a schematic bl ock diagram of the print engine controller shown in Figures
14 and 15; Figure 17 is a perspective view of a single Menjet' M printing

el enent, as used in, for exanple, the netpage printer of Figures 10 to 12;
Figure 18 is a perspective view of a small part of an array of Menjet”
printing elenments; Figure 19 is a series of perspective views illustrating
the operating cycle of the Menjet printing elenent NPTO13-SG 5 shown in
Figure 13; Figure 20 is a perspective view of a short segnent of a

pagew dt h MskgwetnFEupi3nt head; Figure 21 is a schematic view of a user

cl ass di agr&ﬁercEﬂ19%1{5:@193&126‘he‘;ﬁro@aﬁm%tbﬁpyée\%%plgmjgmgﬂﬂtm'der class diagram 5

Figure 23 I Sy en class diagram Fi gure 24 is a
schemati c Vi eg\%e%%s“c emaﬁci"f‘“(’:% Fsarr?lasc?fi‘g E%diagram Figure 25 is a schematic

view of a dlEUREAE? sss ﬁa“ﬁ)ﬁ@‘é"félequaﬁﬁdiaWcl ass diagram Figure 26 is a
schemat i cd viFawe &fis ascldogiti riendt a oA daspagempwner shi p cl ass diagram  Figure 27

is a scherratnggrey4Imc@&u@mzﬂfmamtan@cmﬂgﬁpeCI alization class diagram 10
Figure 28 i % a_ 58 a static el ement specialization class

diagram Figure Wr@rgan%“% “ﬁ%‘?‘f‘&‘t"]e‘g RIPEG AT AFHEREFNK el enent ¢l ass
di agram Fi @SP%ZGGU‘ sphgmagic s mippiiment wridegge ofnehinpaprdizirionk el ement
speci al i zat iFigive Z7 igeheditiagéwaiiy rermbi@ida®t skiziiatoacHe@AR i ¢ vi ew of a

hyper i nkgd FiLO3s a(éLl@rﬁa%c Qé\@QEMelﬁeﬁggﬁgﬂl?agonf?ises%a hgﬁg;[ :;]ICt \é: e:Nn(sz c?afsgr m

cl ass di agr 2’55 hgure IS a Sc

di agram Fi giﬁ?ﬂé 45 SHEmatic U PEHRPT Ik (imsticBT 4489 el d el ement speci al i zati on
cl ass di agr digyre 30 agehereati@Bev) of 2 lypedinh dmmmttisciatizativn cvfs dagraheckbox fiel d cl ass
di agram Fi @igire3136 sthematic SRNEMpditikod @ ofs dlerkgXt fiel d class di agram

Figure 37 i pf. SANRIBLICY HYaalund aalgpat ure Tiel d class diagram = 20

Figure 38 is a flowhart an 1 nput proceSS| ng algorithm Figure 38a is a
det ai | ed IgmﬁﬁstasﬂlFmaﬂﬁ‘éewé’f%‘bg“ﬂf fireditgragwchart of Figure 38, Figure 39 is
a schemat i cFgirel igfcheniade ofeffeidermaomyraivaioe blentintamc| ass di agrany  Figure 40
is a scherratriglﬁeasilﬁ\&ehaianamrw%sm&%xﬁLQﬁ:ﬁEsidﬂﬁthn class diagram Figure 41 is a

schematic v R 22 YOl class diagram 25 Figure 42 is a
schemati c VF% flsa cn&“%c ewo tm 'e%tc}a%lséhsglﬂn i‘agram  Fi gure 43 is a schematic

vi ew of a sBEEYisses W“WW@W“&%FG’&%F‘“W‘TH gure 44 is a schematic view of
a hyper |3hkFiregiéstioahassmdipagoaniiz aifkigny e 45 is a schematic view of a

hyper | i nk aﬁlgarelaas15mm@erd@m%lofonefapgﬁﬁe%é&ado‘m e%%hermt' c view of a form

subm ssi on pr ot col : 9 L.gure 47 ﬁcl ~view of a conmi ssion
Is'a schemafic viewof 4 page server comman ementcass agram,
paynment pr ot BC¢

Flgure 40'is a schematic view of a resource description class diagram;

Figure 41 is a schematic view of a favorites list class diagram;
25 Figure 42 is a schematic view of a history list class diagram;
Figure 43 is a schematic view of a subscription delivery protocol;
Figure 44 is a schematic view of a hyperlink request class diagram;
Figure 45 is a schematic view of a hyperlink activation protocol;
Figure 46 is a schematic view of 2 form submission protocol;
30  Figure 47 is a schematic view of a commission payment protocol;
Figure 48 is a schematic view of a set of radial wedges making up 2 symbol;
Figure 49 is a schematic view of a ring A and B symbol allocation scheme;
Figure 50 is a schematic view of a first ring C and D symbol allocation scheme;
Figure 51 is a schematic view of a second ring C and D symbol allocation scheme;
35  Figure 52 is a schematic view of a triangular tag packing;
Figure 53 is a perspective view of an icosahedron;
Figure 54 is a perspective view of an icosahedral geodesic with frequency 3;
Figure 55 is a schematic view of a minimum fag spacing; '

Figure 56 is a schematic view of a minimum tag spacing which avoids overlap;
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Figure 48 is a schematic view of a set of radial wedges nmaking up a synbol;
Figure 49 is a schematic view of a ring A and B synbol allocation scheng;
Figure 50 is a schematic view of a first ring C and D synbol allocation
schene; Figure 51 is a schematic view of a second ring C and D synbol -

al l ocation schene; 35 Figure 52 is a schematic view of a triangular tag _
packing; Figure 53 is a perspective view of an icosahedron; Figure 54 is a
perspective view of an icosahedral geodesic with frequency 3; Figure 55 is
a schematic view of a mninmumtag spacing; Figure 56 is a schematic view of
a nmini mum t Bgrsy e sshgnatavicylaf efyviagiesejoweesk:ap; NPTO013-SG 6 Figure 57 is a
schemat i ¢ VFigu 59{s a &hdniaficStewbBGedodsRhddriRRcEaSe; Figure 58 is a schematic
view of a Sﬁmjsg@eﬂa&%%@%{:ﬁ%m%g%%‘ onblgure 59 is a schematic view of a
third tag insertion case; I gur _51‘|s a schematic view of a fourth tag

i nsertion cHEE K2 phorcyiey of gfauthaglprionetstic vi ew of a pen orientation

rel ati ve 5t oFiguresiljsk sbamtic vieiv glaen @ightdion rdatigodrenmdied;: ¢ vi ew of a pen pitch
geonetry; Frighded is@ ThdnSrickie® 6I@eBitbiGeotl@W Of a pen rol|l geonetry; Figure 64
is a schena;itigugeﬁgi gggh&faﬁcg. pen coar g{i"%g]%_e space show ng physical and optical
axes of a peh; [“El gure. f§ I's 74 scahema’i c view of a curved nib geonetry; 10
Fi gure 66 | 5290 54 SpEhEricaiey parenspordipitesniteshoning phavralget opiiselsxes efgpinl ng f r equency
and tag fr ebjauerst s schdmiatipiriee ol furved nil gdomddye cont ai ni ng equati ons nunbered | to
10; Fi gupe ﬁ@réﬁ@is@sch@r@éc@ie@@ﬂgﬁfeﬂéﬂﬂx%eﬁv%%’pﬂ:@ﬁeqﬂéﬁm%tggq're%{erlcy;t o 20; Figure

69 is a tabl.e contai.ni ng.equations n ed 21 to 26; Igure 70 is a table
cont ai ni ngbléﬁﬁ;é?isgﬂa{éecﬁ'&ﬁ%’@%&%noﬂsf’u?%mgg?’%S Figure 71 is a table containing

equat i ons NOFFEP i g taliscopteining pquation gygiered 2o 305 g t abl e cont ai ni ng equati ons
nunber ed 42Figuc 64#4 » tablddogaiing eqhidtionsSnudbetedl t€26c 0Nt @i Ni Ng equat i ons nunbered 45
to 47, Fi O8ER 70 # o e @ntdidllcQuaoB el 79, fOUat i ons nunbered 48 to 51;

Fi gure q? i 5 ae,]habtlﬁ cotgt_ai ni ng e uatisons' nunbered 52 to 54; 20 Figure 76
is a table ‘cont al_s?llanegco%c%'gtcﬁ%??S“ﬁ'ﬂ‘?ﬁ?&? 6455 to 57; Figure 77 is a table
cont ai ni ng BgEdt b ol wiRingcesiosguniseé G044 gure 78 is a table containing
equat i ons rigukRes R sl koitni3quatiold iR B 478 @ tabl e contai ni ng equati ons

numbered 6448 178w b «fiiohtufb @il ScoNt ai ni ng equat i ons nunber ed 75
abl e cont al nl‘?‘g_ equati ons nunbered 87 to 99;

to 86; 25 Fl;égg“u%a 8l is a.t ¢
Fi gure 82 i'&™% 71 5hP° CORTRCHAE "S8EEt 1°60% nunbered 100 to 111; Figure 83
i s a taBPe Hawtiah nelitpoutninaeiveiss nohvisesees7112 to 120;

Figure 77 is a table containing equations numbered 58 to 59;

Figure 78 is a table containing equations numbered 60 to 63;
Figure 79 is a table containing equations numbered 64 to 74;
Figure 80 is a table containing equations numbered 75 to 86;
25  Figure 81 is a table containing equations numbered 87 to 99;
Figure 82 is a table containing equations numbered 100 to 111;
Figure 83 is a table containing equations numbered 112 to 120;
Figure 84 is a table containing equations nwmbered 121 to 129;
Figure 85 is a table containing a set of degenerate forms of equations 64 to 71;
30  Figure 86 is a first part of a table containing conditions and special handling for zero pitch and zero roli; and
Figure 87 is a the second part of the table of Figure 86,
DETAILED DESCRIPTION OF PREFERRED AND OTHER EMBODIMENTS
Note: Memjet™ is a trade mark of Silverbrook Research Pty Ltd, Australia.
In the preferred embodiment, the invention is configured fo work with the netpage networked
35  computer system, a detailed overview of which follows. It will be appreciated that not every implementation
will necessarily embody all or even most of the specific details and extensions discussed below in relation to
the basic system. However, the system is described in its most complete form to reduce the need for external
reference when attempting to understand the context in which the preferred embodiments and aspects of the

present invention operate,
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Figure 84 is a table containing equations nunbered 121 to 129; Figure 85 is
a table containing a set of degenerate forns of equations 64 to 71; 30
Figure 86 is a first part of a table containing conditions and speci al
handling for zero pitch and zero roll; and Figure 87 is a the second part
of the table of Figure 86. DETAILED DESCRI PTI ON OF PREFERRED AND OTHER
EMBODIMENTS Note: Menjet'Mis a trade mark of Silverbrook Research Pty
Ltd, Australia. In the preferred enbodi ment, the invention is configured to
work with the netpage networked 35 conputer system a detail ed overview of
whi ch foll ows. [t Iitflsungeryapppreaiedfoadoritaatpagofsteneplyysia Rplpaterendrat i Wi | |

necessari |y @aRoM Bl subke, GUEE aPRfcar AradeNRiicS BRGS loreflalial bty aNEl EXtENSi ons
di scussed below i.n rel asi temis

Maifitained in a comaiattlerosnstet OT tmqe g l?erenceg SXSt & bHOV\everd t the S%S
described in1ts st e el PSP TE Foal fe e P ELPPPBF ST, AP
ref er ence WRERTUPE LRom e ishTej it Pefrrdietiost therfar rofenEOR &R prepded Vigitibeds invisikly: grdef er r ed
enbodi merk s defingl iagiPectas hefa ltdiguenpéraBamibped ML FiElGRn GRAFADE maNRFEL3bsHG 7 | n

_br ief su M k¥hin &d Q{d%&ﬁ Bifent IQJpE.nrQ:fcmEﬁil@r PeLRAIG NI SIH br?a%m ¥Ses B eOMTPUL €7
interface in th urfa ha hysi cal  surface

formdof a rralgoged sur, ‘ﬁe, that 1s, axﬁ' _
whi ch cont a5 EFE: &1 LELPEn K1 5° B th 1R & RIS Ph e E™ R4 onput er
syst em The vshpithythefreprahvdse. Therinfhyematindysiratigvel) yan dake thfprmepaciions hich em iitieted devi ce.
Dependi ng upothe tolgutss parerh bri @ hdlfopine Riatbih ketionse tohie opIdmrE efcREHRN G@Shd Faficd e
encoded 4 Sighly or invisibly, and 5 defined in such a way that a | ocal
gquery on the mapped surfag}fenf%/i el ds an unanbi guous . M reference both
within the map ant! "SFEHT §FF8 FERES SHEFSlorn & RO &t d Prpferstet Wnt ai n
i nf or mat i on nesess tThise are mezessof dext, etahics prlppeek mwintrd ecedinagrrdpes arhwhich fvork fiet | on can
be retri eveahhaneaebQied BmiRin0E SRR SMPREd By Y wlchSENSiRgIydRWIHE & mused
Wit ihe TRBRA sk LACK, M LALARL RIS LELLL QN CAL AkGRE [ orm

of actio which are 1nitia conputer syste ' the
oper at or 3 n 1 EEFHHEE B gy Fer ator's interaction with the surface 10
features. In its hriebefrddomoctve bitthre apidipdige ossaet megn cardte icirgedovith thiyen to
producti Onh_ﬂzﬁues’t NEBURA e HbRERE Qgﬁaﬂe&exgnnces ta@hm&sweé.fh%%m@mﬁmﬂﬁgﬁls_ IC()f
text, grap n es pr.inted. an ordi nar aper u i.c r i ke
interacti ve“ﬁvx%ggy %6%@5?9?8%? é(?)arlsrr%l%(’f%‘ﬁ& 5 nceg. e%coovﬁ%gédcf'?mg}éﬂ \é&uné ?‘ﬁé&‘iaﬁ"k whi ch
i s subst ant PHFPIPTRE BFHI% bt GldHR n o AbefinraFreignasyre reoTHE ok ieRsS\iver , and
t her eby 2theatoeielydaifial, aliowins dpemmssen s@chctloys teia scopdli wddrzed. | magi ng pen 15 and
transmtted to thginetRAGESY 3 laGMhted nBpded Eoallefisl § SkadiQ B wRfeh daY & fALL t ONS
and hyperli ﬁi%SmQQser%%‘tﬁhh %)ls\aa%e can ribtgd cli c(llqa tWl.t 1,,t he pen, tﬁo btrwequtlhest
i nformation fromthe RELWOrK orrto rerynal® prefer encee 6™ 8" network™ser ver .
I n one enbot EmePaet BEtm Thy enierrheyy 2 Bevrstd frrm coreinipg prae ipn addieshinis pricel | y
recogni zed aubroit gomyEe begdgetconsigOsTiaherdath Btinted Bing HGbITEH, RpE@Ried B S byl aal | oW ng
forms t QgJecoiléc{iJn%dtaésQusid_gﬁhvﬁit:lbﬁlrc. ﬁgmﬁgﬁomtp&e dSdiBRA s WoleS o G aQ@:Qthrﬂ, a
netpage ar e o0, ALATRLLALLY- MELLLL St QYLD £ SOmIEr 66 LT anzact i ons 1o
be securel y*“BUthor zed- APl UrPEr S TR “Fl GHPe* T° oRf B Pt et ierp&ge | can
represent asFipigrachyerefeqent figrivd Gl & hutenin thsexample) ailow the tyipage msten eoryibrt h '
physi cal | y, in@ipret i@t pe thrbegpsleDEHE Gybma Bkon & |f@ CkaknpRinesad doye'7 whidhaor&:eidim ki tizat | on
bet ween thespggrgm@&q,ew,@spg}ﬁg,gégﬁ&ystem The exanpl e shows a "Request” form .
I n. The npetp

cont ai ni nane a addr ess | ds and sybmt butt age
consi st sébgf graph‘{‘lg"“sdTaattcémg'gﬁ%’ﬁ‘f'éea’agﬁg?“ﬁé’?ﬁm&“ﬁq f&”“i“ﬁwcgéfﬁlﬂfwﬂﬁcﬁgﬂesﬁé%a 3

printed as Hand described in more detail below, works in conjunction with a netpage printer 601, an Internet-connected

printing appliance for home, office or mobile use. The pen is wireless and communicates securely with the
netpage printer via a shori-range radio link 9.

The netpage printer 601, a preferred form of which is shown in Figures 11 to 13 and described in

35 more detail below, is able to deliver, periodically or on demand, personalized newspapers, magazines,

catalogs, brochures and other publications, all printed at high quality as interactive netpages. Unlike a personal

computer, the netpage printer is an appliance which can be, for example, wall-mounted adjacent to an area

where the moming news is first consumed, such as in a user’s kitchen, near a breakfast table, or near the

househeld’s point of departure for the day. It also comes in tabletop, desktop, portable and miniature versions.
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25 collection of tags 4 using invisible ink. The correspondi ng page
description 5, stored on the netpage network, describes the individual

el enents of the netpage. In particular it describes the type and spati al
extent (zone) of each interactive elenent (i.e. text field or button in
the exanple), to allow the netpage syst§n1to correctly interpret input via
the netpage. The submt button 6, for exanple, has a zone 7 which
corresponds to the spatial extent of the corresponding graphic 8. 30 As
illustrated in Figure 2, the netpage pen 101, a preferred formof which is
shown in Figures 8etppd prifedad thedl @siar ¢f b8 HunipBon@fuinet@d eukd-of-:€ | oD WoperWah kete 1 N

conj unction n)%iiué}sﬁd%&oﬂﬂ&@famnle%tﬁéme@% an ' nt ernet-connected printing
appl i ance for r’rg | e use en is wreless and

communi cat es secuf seﬁh"“’“vﬂ ngﬁw ?’ﬁ'ée “et'ﬁ’é"t Bsule ‘“B‘faftﬁ"(’@ ° EAie dafa o grinted peagrd #Madi o
link 9. The cPmsmpgHse Ve Fir-apeca@in linkd, fr feartionth afepan mhtoniFiic ol 601 st | n
Fi gur es 15 1 irtegrctibd toaitelgars ﬁdfﬂa@@ﬁgeisﬁver 5o RéSeriol. & Jppr@ﬂ!lt@h%cmﬂsﬁm&bth&:aéeo

deliver, oT VI IRVAR o1 Pl o] 0 I ReLsanal. d . nes,

cat al ogs, brégg’dt{&%s gn%(’ dﬁ%e g‘?ﬁqué%?{ ogg&l %’joﬁ‘gﬂrl nt gg‘:??gﬁpﬁ% qﬁrﬁ‘%ﬁgl ity as
i nt er acti ve SWét Pagedri-tin FrE ™y “ﬂ)‘«‘:‘?‘é‘?ﬂi’\%\’lﬂs?mné"dﬁﬁh’t‘@imd e °P%Tia?3’ﬁ§‘§“°br| nter is
an appl i ance whi creogrehesiemfignadeseaiiohity muadohveripuin thephfady aeditent by bewg ar ea

wher e the nmakdin@niaeivg it highbsdd ﬁ&ﬁb&&fﬁ&%aﬁﬂ%ﬁteﬁ%ﬂsﬁbak&aaﬂqeﬁ fdfeBEN, near

a breakf I t e e for the da
It also @g n.glgn@eg Ig the rrfen‘rég fa oé E% technayg?f Tel a%vegy 1'11gh speed &nd mgn-quaftgFrm 1;{; is made mo y.

S 1h skt op

NPT013- SG 8 *orgat! *’p%tg@é“mﬁ'isl‘m‘%ﬂef%{fed {Oﬁéﬁrﬂﬂ%? Pﬂbh%tfoné%srﬁwwﬁw Wa%’ﬁm ?f@ t he
ease- of - us e trgiftioghppemagaritelsuthhie a set dfiabrisiegSsyangs prinkdin &l bélatioh Yottoddesabbund
interacti vegog@giﬂmgyﬁ&gﬁmMommae%g}g 2, the net page pen 101 interacts
\émht)ll:]t f ?Z&ggdsg d?ghle m%ggegmgeir ﬁxg}ogsqlfe éru lagi{%&(gmadgﬁnd ntemet accesse ?’éble\éér\?qﬁe pr i nter '
601 send® t Aalabls o 5tesf householdhingths Unjied SFJ‘E? aYicephe Wfé?“p%ﬁﬂ’ée ‘ﬁﬁ'@f@ b?édibvlé frtemgs f or
interpret at roosns is dimadapplgpm CEt & theder Theliephe ROES ¢an bliv@pdidpith S@fey@fneSiaR s a

correspondi fg 1@&%&%@9&3/ #nfs ﬁ@ﬁh&r%&é mquﬂH@d;lihﬁﬁeﬁéQfs}séé\@Eaﬁ bd AR &%g 0aqf Nnetpage
application_servy esponse

P
which is printed 0 i atnﬁlasero‘fmmls nag OU%‘%eﬁ Stelﬁ't“%!{ °per‘1‘ﬁ@°’%g‘fvﬁva@§“glﬁfegfﬁ “made
consi der abl vcm?léfrwwr@mwmmﬁwm@ Beictbydimsnis, Berirtvelic s ishestepen apgvateysed | n
conj unct20oninwinéthin BllgherspR@ithed, 06 B0he Gisten AGINA KL £adgle Sypplaldr {MmMB)nabdas ed
i nkj et (Menh&ke, duchad Ppefted Nters. In the preferred formof this technol ogy,
relatively high-speed and hi hquallty rinting is nade nore affordable to
consumers. In its eﬁ"ra%fpgw?agﬂ’ Pt 4 tPfe‘F%%ée% 7 EobEuBh syt B si cal
char act er i spyplicatiopfto zetpagerpiviés: Pesiadital prélivativnspeezdelivered gipmbtically tpsubsaribing fetpage
| etter-si zepledSayppaGes B mitiQding Mrchkt! frot@olk. Pers@iizl0fublicsibadas, nlkeyad

t oget herasf o;omgﬁzegyccg} ét&%xh&&ﬁ %{L@oﬁfépﬂf ortabl e handling. The netpage printer
exploits the g of broadband Internet access. Cable

avai |
service is 15 a\OAaPﬁ PR 8‘“ QW%W%E)E}‘B@H BP ALY P P ANty PRER YSFRBEY and
cabl e nodemugbsref estpags fofieiars nghdorrdrarekb amidmdnfaticns qadtnetpge pre $& 2 wiqee ideatiidy A

avai | abl e t Busefbmdf ndheatetiohREcoRRl RAGS phHs) s @ﬁgnéh&@ea&l @&b@@ﬁﬁaﬁﬁlyvmsh sl ower

connect | Onsa]lopsuéach 1¥\4r ttonnJm%ﬂgaecLshg‘,Ehrlofﬁg % rg g?f% ae}le ﬁ.l catm{l ge%gr orq ?callc;[ny
| ndeed, _t.he netpage system can enabl 64 usi ng cons i nkj et
and | asé p¥I"fit ers, al though the systemwill operate m)re sl owy and will

t heref ore be | essA ngreept@bile be regisnral viib @ SepST regstrgion Rtverdfl andi lisked tol ane @t her
enmbodi ment Smoré REmACER AP8nS WHiE BRI ScoliQS Gl mH 18bd¥edn¥id hlhodid hsﬂ.g fh@ﬁh%tage I'n
still other eg nﬂﬂ%%gpggg Qe%l%tratlon sgrvel;] gotnﬁg g%he sygn ttu?ergalmsredqoate %gpagenpena w1 pgewo leOmJUt er

or conput er ena sSuch as a
registered signature, allowing it to authenticate the user s 1dent1ty to ‘an e-commerce server. Other biometrics

35  can also be used to verify identity. A version of the netpage pen includes fingerprint scanning, verified in a
similar way by the netpage registration server.

Although a netpage printer may deliver periodicals such as the morning newspaper without user

intervention, it can be configured never to deliver unsolicited junk mail. In its preferred form, it only delivers

periodicals from subscribed or otherwise authorized sources. In this respect, the netpage printer is unlike a fax
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Net page publication servers 14 on the netpage network are configured to
deliver print-quality publications to netpage printers. Periodical
publications are delivered automatically to subscribing netpage printers
via pointcasting and nulticasting Internet protocols. Personalized
publications are filtered and 25 formatted according to individual user
profiles. A netpage printer can be conf?gured to support any nunber of
pens, and a pen can work with any nunber of netpage printers. In the
preferred inpl ementation, each netpage pen has a unique identifier. A
househol d Mmachihaue-nail 6dduhtadich @visble ol Qe flailaein Ees ML RBphotd ABMBESE egmed t o
each nenber of..the famly. This allows each user to maintain a distinct
profile wt respﬁct tQ a netpage publication server or application 30
server. A nétpage ?WEgEﬁ:\E ?‘%Cg”%’é‘"\gegi stered with a netpage registration
server 11 and | i nkailobjees moded inghe systeppriedeprlerpsine adhifiel Molelne hingrage THME) sl ows
e- COMMEr C&  piayde AlchisstiRghi chQLUT @ st oBdblebiQhaisd @6hndtei BGrebdRANPLERIG K inaPEN. The
net page. r ekaldxlel 8 o bk Pleret RIBAOR I NE-RLANRIM S GRARIHIEH, Dl L E! PaGE
S ignature al‘d\rl W it to authenti

pen with a previously registered s , 0 _n(j cate
the user's FURTIRYPEGEYHONEAS de BOTFFUPTRFCSE plpess- A eeerizatiop et dasesspdeatn al so
be used to Yemicfsipod inbnbllowing wek: ifedlass ipthought oftahre seref Qiabjetspiihnt ¢1AC hnd d@sA is
fingerprint i gRaddithiehOs cidées,itfeh B 6L simPly @ sub®i Al Bk UNER Vo) Yot Hiﬁ&ly RppdRaQ6hd-order

regi strafy op SRVl Al Lhough a netpage printer may deliver periodicals
such as the norming newspaper w thout user intervention, it can be

configured never %! & i grayn 5 asstralsiRvled pithntke ses PL the dpssi ¥ eonigipses st 9fdg f or m
it only del pwibites of dgatabsodiacai Sonf thormmsyiemzbnte the Gind Olishe fabpaticaLdf e thsz ed

sources. | Necbdded sbRBPRGbue HfhS 2 RELRARARe. BY thd HaBldiabrins Wikl #fowdhoh@, oplifdR13- SG 9
machine or e-mmi| account which is visible to any junk nailer who knows the
t el ephone nunber or €mmil address. | NETPAGE SYSTEM ARCHI TECTURE Each

obj ect nddel in tAferssgRpEEE 3adiay piagrva shyry cationply fbellef Abtiwlendmhitanguage
(UM) cl assmuifiplichy a6 tha mssocikios.| Tas Seflit agiainlyCio el &t Stefk (9 ifRdes @fmuibljc®Cr Cl asses
connect ed byhel; 86O 3R RBoh a8 ko Whptohdhd B with &l nithed SR8 MoRFrMiPlaRfiea! NT €F ST
her e: asspcat%hgr%g(ﬁm%%rggor}%‘real i zations. An assocjation represents sone kind
of relati ofiShip bEPWSEN BB &TpRondipe s ALIRTEEH T LI YR AR eogpiapyeeln A
gener al i zat {&perrog) arddssirage ot tha peeedeiascadef the psspdiatioaline. be under stood in the

foll ow 129 way: i fA gnediass: rdiGodsHROtigity is GhwnaSa dolBinSRhinOdvo Adsles, 3 Meks @f t hat
class, and Gl gased ol vaARBCLALIARLLAN Of class B, then Bis sinply a
subset of A. The‘#l oes not directly s;)Jlg jort second-order. 10 nodelling -

i .e. classes of cf KB&EWS IR0 OPFRLR injo gy any s @hidhiyfepicrddeeed with
t he nane of vithipdashdd gufline in|afl byt the mejf dizgrag whickdefing$ it. fthisshovatwit tigbteegnbyofhert e cl ass,

separ at ed fdeeiwit he nane by a horizontal line, and a list of the operations
of the ekasgy sqpagied fromthe attribute list by a horizontal line. In
t he class diagrans ich follow, however, operations are never nodell ed.

15 An associ at i o PERreAifioaetioq o1 Vi 2 pepegrnayerk (juilk [They aredde 2 gpprbasdisery
| abel | ed at interifapeiepublisipd infomationfeinidnteranide tevipks ci ty of t he associ ation. The
defaul t nul tipli cddedpagk SonfR@Fa piReddSlo @t bifidk subtic) rekibHlinA MRS oA wilkHefeleRbshCnt y Of
"many", i€ nzelo. or fnpre @gzi%p gs?g)gl.qt jon . is opti oqlaLlayh | abel led with its
) ption of the page, ine eseription iS maintdined fersist netpage page server.
narme, agﬂ is also optionally labelrled rat e ?anerg_en&n wtH o LHe Tore of the
cor r espSHdi TPt GEtondisgisehc trtlritrrtor fraie atgsrinchdor ey aemtisheod8st ati on
It also describes the input elements on the page, including buttons, hyperlinks, and input fields. A netpage
allows markings made with a neipage pen on its surface 1o be simultancously captured and processed by the
netpage system.
Multiple netpages can share the same page description. However, to allow input through otherwise
35  identical pages to be distinguished, cach netpage is assigned a umique page identifier. This page ID has
sufficient precision to distinguish between a very large number of netpages.
Each reference to the page description is encoded in a printed tag. The tag identifies the unigue
page on which it appears, and thereby indirectly identifies the page description. The tag also identifies its own

position on the page. Characteristics of the tags are described in more detail below.
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("is-part-of'), and is drawn at the aggregator end of the association |line.
20 A generalization relationship ("is-a") is drawn as a solid line joining
two classes, with an arrow (in the formof an open triangle) at the
generalization end. Wien a class diagramis broken up into nmultiple

di agranms, any class which is duplicated |s shown wth a dashed outline in
all but the main diagram whi ch defines 1%. It is shown with attributes only
where it is defined. 25 1.1 NETPAGES Net pages are the foundation on which
a netpage network is built. They provide a paper-based user interface to
publ i shed i nf or mattigemre pintkd innibfRreaaisintee BIEsivdng SBstratd wHlA ifIFgRd-EMIGE ShE 20f a
printed pag%rd(ng'gr agérmﬂr :rﬁz’a!r@cf \%Qﬁenétﬁg}e%glbllz &]Yﬂeﬁﬁnglll éﬂ/e Bn@ggegﬁy g%ste&‘oy ?ofluggtz%-lces to
an online descrlgtlon of ftPa ge, The online page description Is

mai nt ai ned Persisrer 'H“ppf)yp“aée {t&t page page server. 30 The page description
descri bes the vi shlieds sersidlen 4aa dnagorrse i thayftpieheenmadrbs, tag date Istrekisited tacthet |

gr aphi cs @analepapesg®s.viakte n@teS el @paktdr TBSpeh 1 @ird1daqaid coﬁﬂnﬁﬁﬁﬂhﬁh @ hepdpEpriRge,

i ncl udi ng b%;%’%mg@y&&@mﬂ ﬂgéare smnaﬂmtanéc;b%wﬁ%@ L %mﬁtlk& LfT8r Ki ngs

made vvlthanet g en orlll S surtace captured and
processed by REt Pageelssntie paﬁ?lﬂtFl‘"ﬁ?f"é’mtr‘i’@'t‘H&G&?”@ﬁﬁth%mﬁﬁ%a’?ﬁ@m%ne page
descri pti on.on Howenescetion tvsh thé bageysipag thatinterdaion dsgphielbts Hisgsaresgor-cGhctittientoded &l pages
to be disti mgkeiushpckianeaedn: ©QkfR3dehateS aSSI gned a uni gue page identifier.

Thi s Pags I D has Tl%lﬁ% %qhﬂ ?e@%wepﬁlgrﬁihglagm?u%gage in ance Y ?nn{) tﬁggig rzlilloqlwnvg d% dl arge

nunber of net pages erence to escr ‘s en in a
printed tag m‘*ftﬁ 3 fiskprt i vrespaplied Vﬂ&%%fmmrfc?f}és in § d‘E?FFPW‘ﬁf"éﬁ‘“‘] Reinteygfpags- s and

t her eby i ndi r ect | Jheirdhtiomshirf tetween tha eagpéespeptthe she pagpinstom, andl'thﬂamhtalgxetadgs@shmdent ifies
its own posiHdRnR. mslpagmstaa@mssm@feanvmcﬁo@lrmes.&fmg&pnﬁfy Whidorh@O® andliBnbiRSed | bed in
nore detail gpg%eqlggr d})l 9e§z§d§G 10 Tags are printed in infrared-absorptive ink
on any s,tgjl T nfrared- reflective, such as ordinary paper.
Near - i nf Far &4 V\/avﬁ‘f"é’r?&frﬁ%s are invisible to the human eye but are easily
sensed by a1gdl i diatimtaLContenige sensor with an appropriate filter. A tag IS

sensed b y an are aIn'a %ﬂﬁed%&ﬂ%@d’h tdg lﬂierttlhé% tﬂg %ﬂ@ﬂ %Jhlpfﬁpappegrg qndttﬂq':)cgtﬁg ot((’!@{' t?g

transmtted to net Lermn near est. net rinter. The
pen is wirel8sy ear??d’ m At&r%”r"ﬁgf%%’é’ ntaml di ﬂ%‘* tﬁglf’ ey ?)‘?’}'i"lﬁf’ré'f'gq?ﬁ @’eﬁr more

shor t - r ange M4edds B4 frrremelT sig! ﬂd«?géenslua‘qévwwidyfe@hﬂak indicative ofgpvmstioh gsogitedanged

t hat t he2(pewmitictarimineilaie aded of the HE Gehodtlthe sdn@dSibvicd Rfing BEEfeL1s @ Bes@iPtiod oftheglof AC| 1 CK 0N

the page. | Letdaé pleJIMP fedr @Qllnplé h%na‘e%“a%@aré‘ae%%rﬁgth&; 431% oP thﬂP and posi tion

on every interact Jeince I nteracti IS stateless.

Tags are error-co &Wa%ﬂfv %%c‘%ﬁ%‘ﬁ pegs ‘ﬁﬁﬁ’@fe’ﬁqéﬂ?%‘&‘?‘“f |°%11 fa%‘"‘"fné‘f‘seaf‘ Y to
surface danteepsnized @VWH%S*W@F@BFQ‘@ adpigigal deqcticnrandreliiqhtagyistn & manimirinegirefippagf@ni Nst ance
for each privap Behcdaay pagasce albl @boRghe ploceksOThe BEH prrbI 18 thel inBie ip#k6, landSeRlsurf

user-su @!ﬂ i S%Qm}’ ﬁlaﬁ"ﬁﬁ detlégﬂr aﬁa@&&' Ihat fth'e génga% réhQJIyt Q&%B ?e%?onggé&gn 095 LI%R clEcQ ba tﬁac h

printed netﬁ”gf he rél ationship

i nst ance I‘isémpd’F”r"h‘P% 5‘"’ PrarsugeE *'i‘e§ag§ Ffb%ﬁ P‘F‘ﬁ““lff‘ Q‘iﬁ?’ «‘:‘“"Zf"“""rﬁ’é‘ “ﬂ?a"@% Sinffst an c e
i s associ at &elintgidippiptselssst he net page printer which printed it and, if known,
the netpage usermWhertaquRsina e tegiond wiichla tANEIRAGTREARR an entire page, and the

region 1D encoded in the tag is therefore synonymous with the page ID of the page on which the tag appears.

30  In other embodiments, the region to which a tag refers can be an arbitrary subregion of a page or other surface.
For example, it can coincide with the zone of an interactive element, in which case the region 1D can directly
identify the interactive element.

Table 1. Tag data

Field Precision (bits)
Region ID 100
Tag ID 16
Flags 4
Total 120
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1.2.1 Tag Data Content In a preferred form each tag identifies the region
in which it appears, and the location of that tag wthin the region. A tag
may al so contain flags which relate to the region as a whole or to the tag.
One or nore flag bits may, for exanple, signal a tag sensing device to
provi de feedback indicative of a function associated 20 with the i medi ate
area of the tag, wthout the sensing deVi ce havi ng to refer to a
description of the region. A netpage pen may, for exanple, illumnate an
"active area" LED when in the zone of a hyperlink. As will be nore clearly
expl ai ned bel ow, Edah g @hsifiero &d oeiladionBypically QR Redtad ghowrOR trableNS Al asi | y
recogm zed h%ﬁﬁﬂt&%@gnmﬁ'tof dﬂi(]\jgr ug'e m‘ aclta-bﬂagl% sllpgergsgﬁgonq;gg 8‘91;1]0 4sq% c&}cl\(é!pl ch

assists in pinim.zing t g uced e surface or by
the sensing PFOCEEE™ lﬁfgap'fe @"é?t“b‘?%lr %@ﬁl“?’e*ts'i"ﬁ e PR pé’ﬁf“fnrs’é""ﬁa’g‘émg Aritrear e
suffi 25 ci esp1syndgiang The Hitdit weiersBlaowa? P G riiat titliretripendient repbsiteil y | mge
at | east Hneniduagidanmn on a single click on the page. It is inportant that
the pen rec iz and position on every interaction with the
page, si ncqultahee}-atr?{bgtraﬁ'tgl onspl s stateless. In a preferred enbodi nent, the
region to which a'tit) e @e Lt piundandy enggdpdpsing o (éﬁf)i&e@-sﬁlargqg,mdaﬁ&s Yo region
| D encoded #6Q etchded bita gpniisting ofi @ soddwordeof 3 atrsymriols sichai ttelfl 5t N epdpediges up B5efmbélhe page
on whi ch thamts&gae&raaﬁabﬁcodevm llenn%leertoferammﬁ%sfupm@% SeHa@dat 0 Which a

t f b tr.ar er ! ool
ag rerefps can began ¢« Ibo]. oL igte s??%ég) Ina ana|ﬂ¥ coLeren %?he?alg1 and Slu f{

exanple, it can col nC| ¥ 8rac Yement . i'n which
case the re@d%‘ﬁ“‘f‘ﬂ?’%}‘a‘ﬁa"d‘? W@’G'EYI wjthin fhﬁléﬁtTi“F V‘S"Ealsn@atlar‘?t'fél%éﬁap e é’fe‘é‘ﬁ@m‘“lﬂleTabl e 1.

Tag data Fi sht@lhRdiesitsisphimiged 4r6)imuRegbeost sinbold Sealllaga hibminumbd afggnbat al 120

NPTO13- SG 1y oﬁa&m;daemmhaﬁm rileBRbodthd Se fifst WA REY Bfcted YPI CaI 1y
al | ocat ed a§2§ho Assuming a maxi numtag density of 64 per

square |nch s'fa a?gétT"ﬁ&'éeupports a region size of up to 1024 square
i nches. 19Lar ger r%l’lﬁﬂ‘@‘ TeRaeT e e shewhie Figtot SFlydenfehirent stivpfeesdade.ng t he
tag | D preci7snonridicmph ycadd |2 Ui g tagtidrbduing allot @ Gin@ipSieddd GucK R [HE .netgaleeper @0- bi t

r eg' on ID a&e‘e@c\’i@e lgglgd (mfél'QJs Q)réglhln‘@nsm Lﬁeﬁ)tgmﬁ 'Ee'laL\le t9 'ﬂm sErfer | 'f‘hggata géag E(ﬁ{aﬁnt
regions to be Encoding The 120 bits

5
of tag data" r?s'e“taP"e’?j‘hfn8&%‘%?"?1%5?1°588‘5'8P%ﬁ§?3ﬂﬁ‘ a (15 5) Reed Sol omon code. This
yi el ds 360 encodedctivg monsomsicmedpation, &f 128 iscadesior dssobfionbb25x245¢ fotssYWirbol s
each. TI2® (gited 5 )600 QdEpRAIntOMS yitlf altd v smm of aeJur Dhs. AidRaIGRE heet 8D per

codewor d’ i deﬁ%&d II) b!e &Bsugt!leg Il’aﬁgt‘c‘mgt areg‘ 3’% cf {s nce {he?‘ ;[;u?et z?r%a 1u$sio con (t:rlg%edo er

codewor d. represen erent way
in the tag,ad{iﬁ’ﬁf*?ﬁ%"‘@&i’ﬁ‘ﬁdh"“&‘f‘hﬁ’teﬁ@“‘@id‘imete&?fél’é\%r ds are int erI eaved spatially
within the tag. Ti¢ 8e orgkssesatchatchaesbukigtionsing o, af @intainr @i agbf16cbd g

mul tiple spapddtiayead acent bits) damages a m ni num nunber of synbol S
overal | ,@nd a m nj,

a
raxi 1 5790 e | FECPTROS U s B R Bl A, S G S PR

detect because it is rotationally invariant and because a simple correction of its aspect ratio rernoves most of
the effects of perspective distortion. The orientation axis 16 allows the sensing device to determine the
approximate planar orientation of the tag due to the yaw of the sensor. The orientation axis is skewed to yield
4 unique orientation. The four perspective targets 17 allow the sensing device to infer an accurate two-
30  dimensional perspective transform of the tag and hence an accurate three-dimensional position and orientation
of the tag relative to the sensor.
All target structures are redundantly large to improve their immunity to noise.
The overall tag shape is circular, This supports, amongst other things, optimal tag packing on an
irregular triangular grid. In combination with the circular detection ring 15, this makes a circular arrangement
35 of data bits within the tag optimal. To maximise its size, each data bit is represented by a radial wedge 510 in
the form of an area bounded by two radial lines 512, a radially inner arc 514 and a radially outer arc 516, Each
wedge 510 has a minimum dimension of 8 dots at 1600 dpi and is designed so that its base (i.e. its inner arc
514), is at least equal to this minimum dimension. The radial height of the wedge 510 is always equal fo the

minimum dimension. Each 4-bit data symbol is represented by an array 518 of 2x2 wedges 510, as bast shown
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1.2.3 Physical Tag Structure 15 The physical representation of the tag,
shown in Figure 5, includes fixed target structures 15, 16, 17 and

vari abl e data areas 18. The fixed target structures allow a sensing device
such as the netpage pen to detect the tag and infer its three-di nensional
orientation relative to the sensor. The data areas contain representations
of the individual bits of the encoded tgg data. To achi eve proper tag
reproduction, the tag is rendered at a resolution of 256x256 dots. Wen 20
printed at 1600 dots per inch this yields a tag with a dianeter of about 4
nm At thi sir®Bgekéiti on the tag is designed to be surrounded by a "quiet
area" of radius 16heol9u§,t da§lsmas sfga%h St 6 o aresan@théﬂo FO0 EJHQMLC%J&V

adj acent tags t, effective diameter of the tag.
The tag i nclglm eés s?s)'%, i{"é‘?l (f:]netg“mt ’r‘ﬁ‘é’feiﬁa‘ggf"‘s}‘ “66 °€’8f’1F6?|‘i‘esr19rﬁ‘b51155’mb°§r?f%?‘| ent ati on
axi s target SEcodepeeis 28535 areglieated alistrptghein piegrlgratogrestidh aro2® tF ke det ection ring 15
al l ows th® sensi nghed@xeeig i Gesicidd b iratihiye tlQteRgd spitiMQist@@bethecn AW dyR@lsbS €asy
to detect BecalSfedols 1S rotationally invariant and because a sinple
correction of its aspect ratio renpves most of the effects of perspective
di stortion. The oP’i"Eiﬁrtt‘éT“PT’B’ﬁ SHgl-gicld driemptiop i THESERSTHTHEAALS hGe# er i ne
the appr oxidtrige musplcablaio seri lesiovetentizntagoif itt fivld of gy rurattet whete lirgtheyrepivn ofat ¢Hae

sensor. The ofdhan itad poBliond@XTIR réqbired MR ot i ﬁéid QF few @& tHd RinGhbCIB: li@Rtatd ON. The

four per«&pe%&g&ﬁh@g&%ﬁmgggO%Ltgw the sensing device to infer an accurate
two 30 di nensi ona erspective transformof the tag and hence an accurate

t hr ee- di mensi onal APBERECTH 287 e digmetenef the prasof el of Wit ebipiaedvien he
sensor. Al | theaesgetiledénagpilanre siagvle sicddndantigyed. arge to i nprove their

immunity to1Rai seTagTJﬂggma{ea;,.J.ggna@e&}amge is circular. This supports,
anongst ot her thi na n an_.irregul ar trlan ular grid.
In conbi ti on V\A ﬂ%%&? n%gecproccssnilg ancgdap ?’ {}%ﬁ b?(asens% devic%slucsh alsrténf(ne?agg CI I’CU| ar
ar r angentht shovgsin Gigureih Whilqs cpnguregingapy lhbet"ﬁ@q‘i“&bﬁ%‘f"l%? sensqgherfypainigasgs of thes s ze,
each data bintagd isdereayhree G€M). @ik conjer of theadipeets thavebby® abilldbinan ds@ldfi@ thainage 2an ar ea

bounded by Q‘Mmig@-@'tﬂh thkebHORSt andl@gmeRted iRHE l:cﬁiselctyd ﬂu@ﬂ%on@& séﬂeézgl?g 28 ghﬂygsl ally
outer are 51 at 1600

dpi and is H euéhl are(’%oo dmall 0 re;&es%n?ta%targebas%mef are dlscarflﬁdgllhf% ér}dceé:fng of gaflhs)hape it gls 2t | east
equal to thF‘Ef‘P‘r‘ﬁdnl mum di mensi on. The radial hei ght of the wedge 510 is

al ways effual to tBigary shipéihanem Iiaeiasdonuted B forkadhisHapelkal BesSptéVitOhe basis for

repr esent edshy By ﬁ,eaa%ymélﬁmmm%mggméé% byatﬁemzﬁrk inSdREY po dJNBJ 3-SG 12

in Figure 48. t ol's of each of SI X cO s are

al l ocated t %“P%easq}’mad s "éﬁ"fa’lf |a§?e%?tf'?ﬁ?)dlr‘m’l’”i‘ ngs 18a t o I Sd, shown in Figure
5 ininterl eavedThFa@mf@FFWeslﬁé\m fijsifo i lqgeipdeiay 26) QA ring hfs the ad&]lmmflsma‘ferﬁ irst to
si xth codewesidshatd Omdn Bbspati@-dalohd Oty Fbdas syalpedt-YorhdNzify ahCidthiRh-ndhAAgie SSi 0N
around tm La@gshapgs I;IIJ;'rﬁnté BEcQI:J s&@ﬁﬁ ofliSk nllo§xe @%I %Qﬁq??tthg nggatg(éa%]g)ﬁ' ogEnQbe ev%vﬁl{eage

spatial distanc 13 g%/ ehl}/ samne rder to
support "si ?185?%""& St8rf3““ ‘faﬁf‘ ﬁé%f‘f 8 WP‘FF””&‘ at‘p&ﬁd%’o‘“?té’&lrbﬁgwrﬁméldﬁéﬁgqﬂng

devi ce, thea%@ﬁﬁﬁﬂﬁg’ftha@fﬁp%@ems‘v‘m{Je able to see at least one entire tag in

its field of vi ewhaexismbd ShcrhBliethd Rxttd 1R 15001 (QQS)OMataltng )ﬂl@@&ds b}OprlﬁﬁHt@t ion it

i's pOSI ti Onﬂ% ’s nmﬁlz&%&% Ea@lgshgde’@%ﬁn&{s aqg o‘ian&-nmlmgllzg 916 resu]tm mgm &Qﬁm S:? nsi ng
devi ce I3% t her‘? 9 t1on, ﬁe Sl ze an%l ﬁ O?n t ags.
second-order moments are normahzed the axis target is casily recognized. Note at one thlrd 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.

35 The four perspective target structures 17 are the last to be located (at 30). Good estimates of their
positions are computed based on their known spatial relationships to the ring and axis targets, the aspect and
rotation of the ring, and the rotation of the axis. Matching proceeds by applying the ring’s normalizations to
each shape’s moments. Once their second-order moments are normalized the circular perspective targets are

easy to recognize, and the farget closest to each estimated position is taken as a match. The original centroids
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Assum ng a circul ar tag shape, the m ninum di aneter of the sensor field of
view is obtained when the tags are tiled on a equilateral triangular grid,
as shown in Figure 6. 1.2.4 Tag | mage Processi ng and Decodi ng The tag i nage -
processi ng and decodi ng perfornmed by a sensing device such as the netpage
pen is 15 shown in Figure 7. Wile a captured inmage is being acquired from
the i mage sensor, the dynam c range of Phe image is determ ned (at 20).

The center of the range is then chosen as the binary threshold for the
image 21. The image is then threshol ded and segnented into connected pi xel
regions (i. eﬁhﬂhﬁﬁ&&m&@ﬁg&a&eﬂ&)ﬁmﬁm&p&&mgwmhﬁhmaﬁemhﬁa1Sﬂﬁbhmbﬂm&ﬁpresent

t t t e'1 Spac & Ct () is - ed on h .
ag targe §£ rHQgt §§nd§r[e?ghﬂi é%%?ﬁl&&% ﬁ;y@p%%t&?sfﬁrpﬁ qx%@é%xlsgb %&J%%S ape 1S

al so conpu Bi par are ) for
each shape, 5??’8!11“ gt %s JEpE, e [Ptresract pnd 1AgHWarE BN (PRI (165@%‘1%& t ar get
st ruct ur es. Fu@damentats| of Sdrems dMapringemt imaga Marmiyy, Matgs Theshabapt: of HEQS, Ak pfRaliforg at

posi t I on,5 aBdkeleﬁa'&hxbﬁl RS NoYUCTIACKD §9B163-fuhea@§9 & coi@R loBuhich 2P Rledin 1ﬁc@{'i:t;r@edand
rotation. mgsl ggente?rget structure 15 is the first to be |ocated (at 26).
A ring has the a e of being very well behaved when

per spect i ve- di st of'f é‘&“ NAFTREFf ‘ﬁ@’ﬂ%’rs@&eé@’@?“'d?mé%%t@ﬁm’ﬁﬁ?t ey FonegcbpRyn

r ot at i on- nofatrdit pgitiongn ta@ face uphimeh gppe vherd i raihtaiied 1RAOE is nded to SBiGBMAntGFotier
MOMeNnt s ar ey ilBik: Z8&ant AR cehd piEls lnsthe%ﬁt}fmetgg Tﬁ@;ﬁ@ﬁﬂiy%&np@t&ﬁﬂla% e ferdsDR 21 is

perspeCt Ioveusg&étsn‘ghglcl:ltgeres\llﬁ?toaroéugeQLei{n%e‘FvaIu -g e ring s original aspect and

rotation 27 toget roxi mati on of the perspective
transform The axi™& @c‘léﬁ‘b@t‘* bt ¥ et ppee °‘1*6"ef‘§”’t1h‘éayf?eﬂ)bt°f thosihed-bit FedtSelemopat  28) .
Mat chi ng predeedss dyodaitq BS) ioryyld2i@coded bitgR9Sor MO eBHed 8t kol Nott @at @a@R-wsRAPE" S
nonent s,  angmhdRtaAlinpRa RREIIRd Fdeh Go didd Coalud bl }m?ﬂltlmg}fe@ed SGPhe s:Im%hngBO
second-order nonents are normalized the axis target 1s easily recognized.
Not e that oné third order noment is required to di sanbi guate the two :
possi bl &%r i ent at e weet dhis oalxjsaeht The subiepé the dnagieiotserpletioeshiy tostheimesd t 0 one
side to nodueatd tet oS iblotnd, iNgites atosﬂlett Ratf 4 dompide 641k Yot m&sndadu@estfmy
rotation- no&eﬂﬁéd'tﬁeﬁn& ﬁ:ﬁp@tﬁ&n@s %tﬁfdgﬁgr t}@ et fr!irﬁe &@eﬁ acﬁ?ﬂg {ar@c@ssmé ﬂo@g a&i ddealltyhe axi s

nor nel i zat i ons 4.ed, |d|3 gers ective ion can

target's axi’s" ""1’%@ Py & gaéfke?at“' PGP NP 56?“8‘5 giFFr 3% B eree H‘aﬁs ef ul
approxi mat i on of Hhebtaingdjeeglatp indiegtel bnideuitip oftths rgomcoytaiving2B: tag3851 tEpesitomefthe

per spect2DV etad iy @k refib MCdtifa@oskidn Blorhd Jaenid A Mt refih, B Gell D BRSO driddandQ}. Cood

estimates Oc]cf tht* ﬁ ' ls{ then Hl%ﬁédt(:it 9@ ﬁon?&gpeg&my&aggong ?:io%grvgﬂm ;h%'tg%;nd !ﬁplg‘l [ agéil tial

rel ati onshi erllln% axl|'s otation of the
ring, and t ét"’?%‘t’%ef"fe‘ﬂ‘ﬁ °8 st"’f‘?’é‘”é?&‘i‘%“dtmt“csﬁi’tﬁ?jmﬁr oceeds by appl ying the
ring's norntd¥zat’roMarto each shape's nonents. Once their second-order

moment s ar e nor Miedodiggh dgiQui i aGibloa I, PR ﬁﬁﬁﬁhtayﬁlaﬁ\aw%{uﬁfoﬁ{ Befor&xfed 1 O
recogni 25, 44 ﬁlne EaE' fe aa‘grgglelgca&)h Q%etNIScT%% §<f" %% ari éssctll'llllt?np (ia v? Ol% IthEa Itag%ned Ir%m}% %ke nas a

rratch The or| gl ha ur rve
targets ar &°F# gﬂfﬂteé"f@é‘i’f’“i‘ e Eer T Op Bewh dbit i gheen iy %‘Eﬂ’dt‘at”éd““ﬁttﬂf* H’@?hénaasf“éf a
square of KeedWne a tedegdgegion tof sppgrresypading Jocgiad Thtagonag bibss degpmaeshodn-ifi Figedams
perspecti vq,aﬂﬁfaiaséqagelﬁh@a'scm@dﬂg%erred (at 32) based on solving the

'l -und t ood - d i t
\Sgi r Su?%ggsHggkb%q’%%ab%ﬁ]e%ts{égscg eusgt%toPethe uH{Ic% %r Zgﬁgean?{r%ls canqa ;%:co?dgace pOI n

Var pi ng2Y veR iR t’?‘h@@?‘k‘“‘“@é’ﬁfgg"ddfg‘m ‘h‘c‘JsamﬁF]“@a‘fhP“Pecﬂn thasaalf tas nBebefeg| ey,
Techni cal Repos theyNomalst G GSBnB8R/nm1.6, June 1989, the contents of which are
herein incorpor atreaaglttyfo;mgx& rtt@tfb@teﬁl@ﬁﬁé v Jb@gﬂn% st %9% 1B G819

i mage S pac e ae ;;‘el? ga%sc%ctt ﬂ?e tsttgrrr?ég %an e mneved lfLS ?ag ILI) Ee tral’tsﬁttea in an abso I?te tagalgcgtmh nown

within the region, and the tag-relative pen location can be added to the tag location to yield an absolute pen

35  location within the region.
1.2.6 Tagging Schemes
Two distinct surface coding schemes are of interest, both of which use the tag stracture described
earlier in this section. The preferred coding scheme uses “location-indicating” tags as already discussed. An

alternative coding scheme uses object-indicating tags.
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data bit position in tag space into i mage space where the real -val ued
position is used to bilinearly interpolate (at 36) the four rel evant

adj acent pixels in the input imge. The previously conputed i mage threshol d
21 is 10 used to threshold the result to produce the final bit value 37.
Once all 360 data bits 37 have been obtalned in this way, each of the six
60-bit Reed- Sol omon codewords is decodéd (at 38) to yield 20 decoded bits
39, or 120 decoded bits in total. Note that the codeword synbols are

sanpl ed in codeword order, so that codewords are inplicitly de-interleaved
during the sanpl i Agecatipr-iod@ms tag ddntaidag IDRGick, akieg @insid& g g n8PMGRMed N A
subar ea of valethé tgﬁgﬁeéfm %ﬁs £ lexqgr; lja%)lgcilmn Qintﬁn?thg 1@8011' ﬂ;@g re]a%% a%gl'lt Q?gﬂ? }f)_legngéat t he

ring, if fo oun

and successfl Fq 9 ﬂ“s‘&égéﬂ&%’&o “?Iﬁg‘ﬁlg%ﬁmﬁ&'ﬂe Fﬁg §ltht“’i tt’frfeﬁ“’% F“éE'd‘F’HéEf“\‘ t& Fe“’F‘l‘i@ cur r e nt
frame. G vefe h’eréqxpéﬂlepepreéﬁe@%a g inrefece plenaentdn fhelmad despription apsaimerivithi theabeiohi el d  of
vi ew 193,5 aNotavhly @nieadet Merfatd dleaik:® @l idRvRIMAGa 1608K keﬁgvem@eernreif@gelén{amtshe

current i nagi@xmﬁe-ﬁ%cagg}l 1?&[(:%9 taés%rcg%th%n# gﬁ:(e{\)gthg%p rQ gf an glg%&te rre%/ ;ﬁt m tLe zoner egi on

contalnlngtheta p03|t|ono e region. An

accurate po&iPry ﬁ‘ijg%“ée”(ﬂrf TEHEFEN nib in the regi on as well as the overal |
orientation 35 ofndblse-indiegting tpascomtériremaigmmqh@decmadenﬁds)a et Drafdchelenpe ingigect | ve
transf or m 3pgohsaiedsanedWie mt Ao AL B ikROBR SRRk ﬁilccrfacé aén@ﬁt lm% 'ep

bet ween eu Fnlertace 11 11} ell'ns ar erelore 1 NS, BC"ID 1CALI: S ag I\/ap
Decodi ngid; t%grgrr%s% %gkﬁlﬁ%f%( i (EOLIQE) edtpfrf] P‘%Qg“ t-dre? 5tm|g Ve p

transform FeRretsERROTt Rty of 2’5“’%‘1@ PenpRah. T 5@; dg, bpvger, %P@P% @ﬁ“ﬂPfETe efa Feé?ﬂ"ec an be
transl ated pntegh.che labsothe beitibrogagling fequintyhextteds ncet tigg@ntdred JigOrequeitch) @he

| ocati on of d1§ph5bmtsﬁﬁ_ﬂon‘ﬁdn§ Q‘nﬂcdtpgﬂ)oﬂit%g!o% n%ﬁn@grom%unaJMu&d& &te%ﬂé@n by a tag
map, a function wh in at

' g
correspondi ng | ocafulmgﬁsam@ﬁ%w?"ﬂe"gt R Oﬁséqdzﬁé? w&‘i"lﬁ‘bgﬁgﬁ?\“ﬁ ‘?thé%m*‘hipﬁs EigtPe 22, as
part of %heE@a% Fﬁig’@a‘i)?ci’woe?mﬂeqwls%ﬂ@ﬂ&grﬂameA?’? adEQapwiilwid ect s t he schene
used to tile the &Hﬁﬁn@ﬁﬁld&ﬂ&iﬂ%ldﬂaﬂshb tﬁe&@aﬁmnsﬂ;fﬂiﬁﬂemniQQﬁn vary accor ding 30

to surface type. yNepomilbiRld APSORE LEGLONG 3REE 05 RRIPyId hing schene

and t he sang tag erin é a mep.
The tag nap™°BF" %{‘df}'é‘dP’éﬁs ‘f“"“ﬁ@”bfgé‘iuf”?se“ bl e via the regl on I D. Thus, gi ven
a region ID, a tdfeBtatynit Haupai skowa fesd tags ()0 4ol @ obeainersivpal etk df@ix rs@iplei eved,

the tag 20D ﬁb&ﬁbnbﬁzt\ﬁh&ﬂ\%lnﬁ'} ed dsrﬁog&lbﬁrhnamss@h W @ Eaﬁ\ﬂe Ld?.ﬁéhfs @ Riso WobDFREE he
region, andms:.[ h Jls?an(% ove eeam le osmo t t n Cta% '$ ‘g.jt th Lhe Lag.location
to yield an gf)solu e B35S |onn\c7\/|f?ﬁ‘ﬁ " Pege8T ot 2 9mple PR ng
Schenes TmtﬂélF@FMﬁ&lfneﬁ‘@@f?&@@l‘l&%ﬂ?ﬂg%scherres are of interest, both of which
use the tag struatw&ﬁ@aﬁm hadk7 rﬁ@raddlﬁrssehﬁe&rmr,sheﬁﬁssamﬂlﬂgwth&gtMﬁﬁuﬁrred
O o hotes 5% 33 WA F kel Uil Aot 3380 B2 LA W ONEREH )

alter na?|5ve codi n me us
| ocat i of>i rEFeedPR ﬁ‘@“t’i“’d’@’”&‘“ﬁﬁ’f"é‘fi‘}‘i?“&‘a‘ﬁinérr’inbt"\ﬁﬁisﬁfﬁ 3%\/nen translated thr ough
the tag nmap assocVificither waibdscicine tht Bgydiecion dgeopmtionsin hsstsiated visml €ttt d@ighel OCat i on
W thin the fpgk @d’hserTrﬁ&cﬁ\@glerﬁeﬁtls ﬂztthave uJep&@'ﬁn'ccﬁQ wah tht: ﬁlteg%&e 'u§ng a@-g&gﬁ)ﬂm{eo this
isin

t ag locatig xrhé) d Icee;L grdér tag g%gtt ;be read the scn?lpgtr%wce and orrag Fpg{or teeq‘fs%oﬂsg_ toL% er

turn is use ocatron o
interface eﬁe’?ﬁﬁ’ﬁt‘”ﬁef‘ﬁ“{aﬁéys‘ﬁ’age description associated with the region.
30 13 DOCUMENT AND PAGE DESCRIPTIONS

A preferred embodiment of & document and page deseription class diagram is shown in Figures 25

and 26.
In the netpage system a document is described at three levels. At the most abstract level the
document 336 has a hierarchical structure whose terminal elements 839 are associated with content objects
35 840 such as text objects, text style objects, image objects, etc. Once the document is printed on a printer with a
particular page size and according to a particular user’s scale factor preference, the document is paginated and
otherwise formatted. Formatted terminal elements 835 will in some cases be associated with content objects
which are different from those associated with their corresponding terminal elements, particularly where the

content objects are style-related. Each printed instance of a document and page is also described separately, to
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5 Not only is the user interface elenent itself identified, but a |location
relative to the user interface elenent is identified. Location-indicating
tags therefore trivially support the capture of an absolute pen path in the
zone of a particular user interface elenment An object-indicating tag
contains a tag ID which directly identifies a user interface elenent in the
page description associated with the re1gr’i on. All the tags in the zone of
the user interface elenent identify the 10 user interface el enment, making
themall identical and therefore indistinguishable. Object-indicating tags
do not, theradwafi@t cagui@pituieh & b@ticQ@phdd ittardd 838 Rh&ekddts@apan r@ainfit caftiey do,

however, SURPQE oG ARE M EmheelesBlidl | V€ pen path. So long as the
position sanpling fr%%?%ﬁé% exceeds tw ce the encountered tag frequency,

the displacenent {5 TOTHATSEY PRACTHEEIRECHIMN Hedoee FERERE 2 WFEHPHSG st r oke
can be unantiicgpyeiigipypmabvitipytbeing freedis sywrbihasog @ ipunats spaiiefomnagThe uofmaybes and a
t S'g vav el Bngdgtiestaf a %py thidhgh B plorde @liod difrsiPadd 586 fofl brbie onbvdsely, ki pE_QnoS%fthngr two
adj acent po [ EQ. :
Assun ng bot frar oA fh ol s i e BT ARy 0B T, |
Si nce EQ 41 “BHRFFUHPEESPHEQ 38, the assunption that both EQ 39 and EQ 40

hol d must be i ncérfrragtd dgmugntt e cotitl € e sttf fohaf@f ragealesgripgtiond i5guds whicts

st at Sd Th_e coukibtd b5 § deirft foﬂrﬁ?&d&;ﬁﬁag&b‘fr@m@@i Siolﬂiﬁﬁnai&e? Hﬁm&lﬁ% sﬁge@_ex@ﬁ@r ﬁl:[se_ss (f}n EQ 38
one- di neq$i , XS 0si ti.qns ich satis :
Possi bl eﬂgl ?’g?& %@%ﬁg’%t&tﬂﬁ%& asfeé{r?ﬁfql}é! e%%%"fzsts?cgaﬁz'wﬁr'}’%“ &y 2 tsieli\%_vm. From d

i nspection, if thé derePbifyanceS3loiprepradsdunismmate deppgnighi4 tigotsife offeol 2g¢ as,

t hen the di bansd3d conpriavidh npte@ondosiatpagniescipbont he tal foragtedfocinka. Ereixgagssanpl e
POSi ti 0N eXGReRHss3d Goscribds 2 il hid@ pme&%sagegi, bha4ecborlishedagh 150 ofa§neg,gg%.cyl§§eed in

earlier, then the sa i.n velength ?s nust. be less .thap 2.35 nm If the
t enpor al sa#%Fﬁceﬁénof%agggﬁg%%?%gsg’fﬁgg ﬁﬁrﬁ’%’% arc‘g’ﬁ_ﬁfarp &4 ref*‘('??tedén(:'s(‘:"g_atri%‘t e handwriting

25 recoghl tion, t et prEcesEpissYREtr! oriel clsment iasegces Hadn plgmntisspnce euiy eligt | sfy EQ
38. Wth ei tflitesortsdgygicrgpecic livaommation Ties, & Bygslick ihaaricd @iats fora GROREAa et Gdtausdif h

associ at ed Ykaiakan@b@ETB s Snits Hfic MR bRALNASmESRI iRl ELAE bl VRIGkAIEN S 10

that a user. can.nteract with the printed page using an approprjate
sensing devicE™ linrec(()’r?%j’%prm PEie oLy p?)%?"ga %R?)%P"}e‘géfﬁmﬁﬁ/d"?‘n“ét eé‘étrf@f"?’( T Fei%ce and
for an appr 8prrane % edfhse to be generated in the netpage system 30 1.3
DOCUVENT20AND PAGEA BhfGRidRiE GhGe Astdic edfveit 80 gpdnd szt fidki Lokt and
page descri Patgé Qﬂerc;lnﬁﬁlﬁd élurr@rg %&%Is&ﬁ ﬂq"&mre bi AFslaﬁ:lMegl&t g!fé cananQQSkleelenleﬁ 8$7he

net page system a doc nt. I's describe t three | evels. At the npst
Abstract 1 oVal erEaeli g P54 g R e RS pmitip ! “Uetapisy &R e

term nal el eerepts4? GBQn prpoiatedimepe lemeaicdSeak grhphis clnants0 pitf metwizte@5aBidfhistuch as
text obj ect 857, 4 @b cipteltinr QD jwak inSessodidied GReoCt) BfekiBss, @k Fudio CRPCRmEdNES2GQEMTENT i S
printed 20 Ak OAEE alfolibls 5oPat btk B3G5 3l A8ANA.BEGREANNE B
particul ar yser's scale factor preference, the docunent 1s paginated and
ot herwi se foFfef*t ed. Fornmatted terminal el enents 835 will in sone cases be
associ at ed with coprazeiptangpbisabickerouggdield B33auhich id sk te reeand anf digiphinkirepsed orgtroci at ed
Wi th their pd¢mspencpgybefpiiRabuetaments, particularly where the content
objects are style h. pri nt i nce. . . n age is
al so de i bed sernghgg%rﬁgfonﬁg&e ﬁ%‘ll%o%’f%gﬂi@¥ gfls‘lgogwgﬂj “ﬁ%ﬁ%g%gﬁt%%%%%a?ﬁough a
particul®r PESBMY §ett‘é‘??€§‘¥’8t3‘b“t?]6°ab‘é‘s?“é}58?gﬁed separately frominput captured

1.4 THE NETPAGE NETWORK

In a preferred embodiment, a netpage network consists of a distributed set of netpage page servers
10, netpage registration servers 11, netpage 1D servers 12, netpage application servers 13, neipage publication
servers 14, and netpage printers 601 connected via a network 19 such as the Internet, as shown in Figure 3.

35 The netpage registration server 11 is a server which records relationships between users, pens,
printers, applications and publications, and thereby authorizes various network activities. It authenticates users
and acts as a signing proxy on behalf of authenticated users in application transactions. It also provides
handwriting recognition services. As described above, a netpage page server 10 mainfains persistent

information about page descriptions and page instances. The netpage network includes any number of page
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t hrough ot her instances of the sanme page description. The presence of the
nost abstract docunent description on the page server allows a user to
request a copy of a docunment w thout being forced to accept the source
docunent's specific format. The user may be 5 requesting a copy through a
printer wwth a different page size, for _exanple. Conversely, the presence
of the formatted docunent description off t he ‘page server allows the page
server to efficiently interpret user actions on a particular printed page.
A formatted docunment 834 consists of a set of formatted page descriptions
5, each of \wies|rachG@NB} Sduthet@f pagt is@icesOfincd DagiRirtee ko hn@hitiisAal ingdd 2108 Rt &cn835.

Each for mat tpfgg mﬁ&n%l@r;ts smﬁ% éma%?%{eélsen@ﬁ%fpgéégnﬁlg Izilre%tgme(he Epr«ﬁ) ate %SE £ rikage.

This defines the active area 0 F i nks and i nput
fields. A dSEEIEF™IHRETRTES g8 Pl ote gt of th WWW&P”%d document 834. It
consi sts of a set Acfrapa@ecrviris ihnptedc886, Defioh dafndvnd ohvide lpddglosingst t 0 a
page desch i pigk @RebviDis Iib dNBeaficikoi@det ed docunent. Each page i nstance 830
describes a si ngl ﬁ n%ggeg tep &Es%eegteﬂ%qt&s%ﬁedll?ame @ﬁtemﬁﬁﬁég,t or. sunn Qaegoqv l D 50 of

t he net page. A page tance instance I f
represents LRHREIP 52\ ‘"ﬁ?a‘b‘“‘e“e’i“’é‘(‘j aeEepsed “’F AEtfagOn2get P handlige the ﬁ&&@“ﬂ‘?ﬁs&aﬁnc e

consi sts of inganseet of term nal el enent instances 832. An el enent instance
only exists if Inngﬁgeqwﬂ&nénm&&eanqsea s&&e@«méhlhsstsl,ﬂ?efm@frvsrmphgalappncImsSAnapalgz-yperI i nk

i nst anc dax n ansaction
ID 55 V\:ﬁ} th llﬁJtstcsdtionQeme%aM is)é.F%ypI{c?]hon server wgeh rFu hg_hr??: ;gtpaged amnent to nefp e Ipxﬁl ’l&x&ye eXI sts

for a fiel ddié‘f“é‘ﬁ‘é‘ﬁ’ﬁmllbé"é‘a“a%e it records i nput specific to the page
i nstance. An el endaytageisagtsanmbehostos a vegitty €Xiet8drk seie Waioes froth MEnufddhddsisaeh a2l enent s

such as t exigu, P@iet-r2Garh) aﬁﬁuMﬁLle Wersgﬁm%cﬁre%@ﬁ 4 dmefe Huﬁ%@g sx@gﬂ?’ a

hyperlink el enent rver conmand

el enent 846, a: wnmgsmﬂmegwlganﬁnﬁl’g o °ég]i th%ﬁ‘gﬂ‘g‘ﬁ‘?"p@ CALYPFPRRS SRt y | e

el enent 18547a"dw Pﬁﬁcuawhm@eaha‘tp@ad@?y@@aﬁyee@ﬁ thg g serger.topmalss begrovigdddimatit 848

wi t h an assoenafgtpmitngd od af LutpagOldintercii a Sbyter abrksdat@PR on a@dcl ABWK. 849 Wi t h an
associ ated hBage fl-fERRt:Aafr @ Oraphic el ement 850 with an associ at ed
graphic object 857, a video clip elenent 851 with an associated video clip
obj ect 858, an audlf 8RS B égh’éﬁ{)apﬁ]?fe\)ﬁh]%’sé‘ﬁ‘“%d He s SFEEeISHLAL 85 i p

obj ect 859, “%’Pgeéﬁcsfeerﬂis prt deng prd piip suBBBotigy. Edoh mrimterhesronima prirekr B062iapd is objedsit 860,
as show20 nio thehgidgeterddk vids nBREHR subi S iheiie et R Bly dia DRGKIGHQMELId €1 d 833 which is

used to record any, pagh ;dlg‘lll Iar[&igecﬁrﬁﬁgeédﬁ gufngpvoqa & enpo %‘f migceé%mge(?con {rlnsorgo apply

to a speC|f|c i nput el ene erre I'nvention, a tag
map 811 is &&&%sf&%?faéed A\mfftfﬁ's adth Ibaﬁ@"%s‘thaﬁwﬂt 6' t&ﬂ paRier 3RS e oY he page
t 0 be transisiraiehi 2y sjageed timg mih hnhelplhfthqdigrbutedhetArecliake shiFcRAGEMNEMMORK | n a
preferred ephiogi:pagepidernet page network consists of a di stributed set of

net page gzage servgr §etpaée%hnt§%o&%9&bscrﬁygi I%Fp%td(lac%ené GlnY %Fpp g Ipu licati o%tsprvegsq ID

servers 12, netpage application serv Ion servers
14, and net B’é*g%“‘“ﬁwtﬁi ﬁf@“*%do% “Ef’d’ﬁ??e@f B"é" Wc’awsaa"%@i %mlﬁexwd g%%ob&sts phigh
I nt ernet, amrddrowmPaen Bejage ofper®nalidGonliree laettpagepiabgpsific stapaticubenisefrerl]l IS a

server Whi Cird EcRE:QbitkGasttthAibs @& b hﬁﬁé’@ ridSfabeServel GEk® and mFlée! 0 &, S the
appl i catio n&hem B’ﬁ%}lléaﬁ;ﬁ‘n{é& Vitn ol s%ibsgnbeerg gn (f agé'l r;[mI xcas! tc aqpsul)éc%gérs lPlnsnteps?de\ﬁ%

activiti 't aut ticates users and a behal f
of auth tl‘i?&rf’%‘ﬁfel’ﬁ%sfe%e“i n application transactl ons I t aI so provi des
handwri ting recodie teipag pdieaton seer opiiiBzegiidSLenicligih db@uent cantangitp@iesspage server .

10 nai ntai nlﬁult%fssAffilt Bdding hd oRlRBdrla @&m@emtﬁge ROGE tﬁie%ﬁﬁgr IRb QRS nﬁﬁ\igdstp?fg e

i nst ances. any,%hstempage networ k i ncludes any nunber of page

Once the printer has received the complete page layouts and objects that define the document to be
35  oprinted, it can print the document.
The printer rasterizes and prints odd and even pages sinultaneously on both sides of the sheet. It
contains duplexed print engine controllers 760 and print engines utilizing Memjet™ printheads 350 for this
puIpose.

The printing process consists of two decoupled stages: rasterization of page descriptions, and
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NPT013-SG 16 servers, each handling a subset of page instances. Since a
page server also maintains user input values for each page instance,
clients such as netpage printers send netpage input directly to the
appropri ate page server. The page server interprets any such input
relative to the description of the correspondlng page. A netpage |ID server
12 al | ocates docunment |Ds 51 on demand,and provi des | oad-bal ancing of 5
page servers via its ID allocation scheme. A net page printer uses the
Internet Distributed Name System (DNS), or similar, to resolve a netpage
page | D 50 ietphriort A prid€igWD pae AELLE. ASSra@ inkaBSprIQLPBYS PAGELSRIY Bbre RABL i Ng the

cor T eSpONl e AR ol 12 b AR ASLOBIE AL GCE UL hihd igPET ver

whi ch hosts |nteract|ve net ion
server 14 i &raf} Ispd E’a*tpf’%ﬂf“%?ér‘“\i%‘ “Wﬁmﬁﬁ%‘mhg‘ﬁ%@mﬁ‘?éﬁfﬁ%@%“ﬂﬁ@&‘ﬂ H‘éPFt“% to
net page pri mgmess. They are described in detail in Section 2. Netpage

servers can be hogied n&@na@led/i&r R QtiMin® favd @4 MJ;nKo §r§1f Mgrusnngl zﬁiaﬁsﬁismbﬁcﬁ Qmn

manuf act ur er, ﬁl ﬁuﬂ reas‘\%cts 1a; SIY% 31'V¥l'\ée %;[nt E‘Q‘Ck %&Fe d;ﬁ stich Paﬁesthla\p e more umté?iage
servers-can I‘U concurre on a 0 Seérver can be

di stri but edﬁ’&‘i?%‘i““%thﬁ‘ilﬁ‘ﬁﬁ@iedﬁﬁesﬂﬁﬁf%?““ %%“éﬁpaﬁl of t he functl onal ity
provi ded by net pafjersdrepas srinted fin@ ndpages oFBeet bipsperalort kp&iafiidmtpkgepl&.icisfmyy
provi ded by pddigatd &deS ﬁ,ecvag;ed aﬂﬁl:cst ben s;a%ﬁessl%ﬁ/ﬁ{m Sfansk RO BE s@ﬁ&\@p@l CTet

3\;):: Egt la%/'} Oohgup&)ﬂsi’]gtlegs?grle taé Pr:g SC Qgeea erfe gg Iili_lqE o?% a [ n‘f\lﬁ‘, %I?ne rrg;teer
printer 601 5sasives e 298 e shems WlbﬁeqtsPli“égF@WPféEF°WStﬂﬁﬁ°ctﬂﬁ‘é“ﬂf¥é¥ap@&@°’§§%t em and
prints net page dgosunhpedsn e omd@pargreand via subscription. Each printer has

a uni que printer ﬂlQe@%how@{ﬂQn&p?geSMQ&L 8ranZOncliy IAE-DRINBYRDELMREK Via a
net wor k suc eally via a broadband connection. Apart

fromidenti P’i/ PR n%nes‘f:rﬂefﬁt(’)'}%%efpﬁeﬁ‘bt‘g"r n non-vol atile menory, the netpage
printer tontai ns herefea enfodimeh ef thetngipage) arinteps dfseribedi% greptey detal Inj Sgetiemfbebowned,

"t he net wor kit referéntrao EgepUlters. . Net pages function interactively across
space and tigg V\n,;,gnjgthap,{gmepd of the distributed netpage page servers 10,

i ndependently of _ particul ar net printers., 25 The netpage printer

recei ves subscri b@& " g %c‘lﬁ%ﬁﬁf‘%“gfﬁ“ff?ﬁ rafpafe virmree af 8‘6‘?‘? EBi%gers 14.
Each docunetthnqlagies inglpding hetmalginkjah piepagleqtriprikist, laseh electyeptydtogtaphjcout stherm Havevdne act ual

text an@0 NeEeidRbjs@ef Bceplbtsbis dBRRMbihR L RetfaQriRA B0She FIRFALBRacREistics:

personal i zafi on, Qggg L (§ typically specific to a particular
subscriber and & p}”;(’%Mamr%t ca n%rt'o the subscriber's printer via the

appropri at e" page @E?“@@F‘e"‘ﬂ'@%{g and i mage objects, on the other hand, are
typi cal | y shar ed hish telipbiityher subscri bers, and so are nulticast to aII
subscri bers. prindwgkiseald the 30 appropri ate page servers. The netpage
publ i catét5on serv%m@‘ptl mzes the segnentation of docunment content into
poi ntcasts and nul Casts. After receivi ng the pointcast of a docunent's
page | ayouts, thé™#RereEr knows which multicasts, if any, to listen to.
Once the prtnter sivasosiei ved t he conpl et e page Iayouts and obj ects that
define the documgity 0 RRne35 printed, it can print the docunent. The
printer rasteriz Sk and Qprl nts odd and even pages sinmultaneously on both
si des of30t he shed{shPrin

. s:mu]taneous double sided printing
. compact form factor
. low power consumption

No commercially available printing technology has all of these characteristics.
To enable to production of printers with these characteristics, the present applicant has invented a
35  new print technology, referred to as Memjet™ technology. Memjet™ is a drop-on-demand inkjet technology
that incorporates pagewidth printheads fabricated using microelectromechanical 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, yellow, black, and infrared inks as well as paper conditioner and ink fixative.
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contai ns dupl exed print engine controllers 760 and print engines utilizing
Mem ef printheads 350 for this purpose. The printing process consists of
two decoupl ed stages: rasterization of page descriptions, and NPT013-SG 17
expansion and printing of page inages. The raster image processor (RIP)
consi sts of one or nore standard DSPs 757 running in parallel. The

dupl exed print engine controllers consist of custom processors which
expand, dither and print page images in real tine, synchronized with the
operation of the printheads in the print engines. 5 Printers not enabl ed
for IR printing haverittneei@phtizons dperoydtidelit 114 @igrSns WG 5Y32 hbrombsdargpkyséemndd ack
ink, alt ho%ﬂhné Bénﬁnt{ aﬁesﬁ)ﬁﬂe@&nsa sﬁ1§09§ub§t:9te 941l Méoﬁ:gratgsraﬁdél [cecﬁé irer! G PRTE.
AIthough such lm ‘2 v re limted functionality t an I'R-print &d pages,
they are st |al“1 Ssed” 48™"fiet pages. A normal netpage printer prints

net pages on sheet Mazelfeie@arﬁ@rf.themi@ dgment B drestheonopelet 302 ¢he nezelé ik 8P3stherapgzle pri nt
ont 0 nor e s preba BisedhEitstab8,3he iflifdineBSn Yo RS er Ao 1RGNS Lihatc? bRRLL S at

| east one s t chene,
and hence t%§c ﬁg&ssw%?mggg& s 1;5 r 1? gﬁég&?i%%ﬁ%ﬁlm%ﬁ ﬂler‘?a%veBa%%m\%\%mﬁoﬂﬂdégcrl bes
the tag til 5%@“%“@?134% actually used to print a docurrent becones associ at ed
with that docunenheggive schyier btalpeaici§ is medinically ticigé o @ pesthe aratorbeast aly 309 at

i nt er pr et ed the finpug. BotbeSMQWE ak ReroR@§ PEIGRspREVekcBI: pdidtsBFBandli1 8 GhedBhvid&h beCt i Ng

DL O 6! kALY AL D) Db AR e Rl S SLLLL A, SeTver 1L on the

net page networ K. erre printer is
described in gr eaf‘éLFe ﬁé‘t°§??“’?‘f?a§éféfflﬁh°f@mﬁ‘éﬂ%fwe“‘sw tpuding s gpsettedien 118 oFi gur es
| 1 to 16. % p8ntids dideagt 820TRAeRrops3tchaddsis Thven nigbpageo siyalfy dav Gank opellate usi ng
printers nag@sebiin@eicdtmnateatage of digital printing technol ogies, _
el udtng et !B gk E798 A8 Gl Sy sk ShesLLplp! oot oot e
a net pag@sprl Nt er FIEER/S@} i fhs yicaiapt ARfitiertf e ink wenises 16 gHor toprsipaye ink S1epIe: quality |
col or pri nt it retaifeil gphecuoratle ickayibet Byxstrfapy terisibil 41 ¢he inkimrdscus@1d aadvit kvke fiyidic sek100 pri nt er

cost 25 | @aﬁhddBdfwe&gﬁetnozzie%@aﬂ%aﬁ@ﬁichmﬁamab@; operation nearly silent

ettt or m Pt Sttt 3RS e Sl TS SRR, SR B R ot ol o

conmpact form factor consunp
printi ng t elth ﬁ‘B‘F‘tSW“’I*Fd%‘*maF Ila“‘B?S the Het% é“déh%?rsé’@tdéfﬁ fosdrijecthe electrodes 318 of the active

actuator beam pair 308. This causes an electrical current to pass through the beam pair 308 for about one

l't:l

microsecond, resu]tmg in Joule heating. The temperature increase resulting from Joule heating causes the
beam pair 308 to expand. As the passive actuator beam pair 309 is not heated, it does not expand, resulting in
a stress difference between the two beam pairs. This stress difference is partially resolved by the cantilevered
end of the electrothermal bend actuator 320 bending towards the substrate 301. The lever arm 307 transmits
25 this movement to the nozzle chamber 304. The nozzle chamber 304 moves ahout two microns fo the position
shown in Figure 19(b). This increases the ink pressure, forcing ink 321 out of the nozzle 302, and causing the
ink meniscus 316 to bulge. The nozzle rim 303 prevents the ink meniscus 316 from spreading across the
surface of the nozzle chamber 304,
As the temperature of the beam pairs 308 and 309 equalizes, the actuator 320 retums to its original
30  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 nozzie chamber is refilled by the action of the surface tension at the meniscus 316.
Figure 20 shows a segment of a printhead 350. In a netpage printer, the length of the printhead is
the full width of the paper (typically 210 mm) in the direction 351. The segment shown is 0.4 mm long (about
0.2% of a complete printhead). When printing, the paper is moved past the fixed printhead in the direction
35  352. The printhead has 6 Tows of interdigitated printing elements 300, printing the six colors or types of ink
supplied by the ink inlets 312.
To protect the fragile surface of the printhead during operation, a nozzle guard wafer 330 is
attached to the printhead substrate 301. For each nozzie 302 there is a corresponding nozzle guard hole 331
through which the ink droplets are fired. To prevent the nozzle guard holes 331 from becoming blocked by
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To enable to production of printers with these characteristics, the present
applicant has invented a 35 new print technology, referred to as Menm et TM
technol ogy. MenjetTMis a drop-on-demand inkjet technol ogy that

i ncor porates pagew dth printheads fabricated using m croel ectronechani cal
syst ens (NENB) technol ogy. Figure 17 shows a single printing el enent 300
of a MenjetT"' printhead. The netpage WAl | printer incorporates 168960
printing elenments 300 to forma 1600 dpi pagew dth duplex printer. This
printer simultaneously prints cyan, nmagenta, yellow, black, and infrared

i nks as wel lpapaSibPadd Gther GBAL Hiltete® REE puripdd t}lrcﬁlgh the al?%ﬁ&s\ﬁﬁ ancNP TcQ &dno2fe g%ﬁd nolth e

printing el %mganntﬁgofokévegtgrﬁgﬂ@om%% %e Qerﬁxelad&sse edtheI n ré% mcrons w de.

Arrays of these enents-a &on suB’strate 301
t hat i ncor pdifat es 'B\?f%’ap‘bﬁ‘?"c dat a transfer timing, and drive circuits
(not shown). Maj oFheadtieneningdegife dof thenepude mistemy t}@ﬂcaﬂmﬂh 18 Dhich, ugngtithenbrid@izl e 302,
the nozzl® kinki3034, Istabretm&&é £d ddod6 haﬁm&rn taépﬂm i Q& vialaHlingkepserﬁﬁallhe R, the

i nk channel _rim 3 ctive actuator ir 308,
the passivese 730800 RSt 008 3 kb 15 FomE e B RRE T [
passi ve act ﬁ’é‘?’é‘?g‘h% ﬁ&‘f?ﬁ?ﬁbeé TI“"’eéﬁ'ﬂl Delpyp dhe pypfgm i ffiedq seme when tippd isyis poniges wilidheu at or
beam pair 368uadesnduBCimiakiget beyisejtapi 40 @ chificient tat@o RRGS huneh I@eivikak k. amads gai 1 309
at the joi @reﬁelg’nd 1Mzh)r Qﬁé‘ﬁﬁfo%htﬁt%ap@:fe@b pfs @rgryﬁ;d aLthﬂ}efess eaR8eh v anchor
poi nts 31'16) 3 % Tt |tnat @NE% g 310, 311, and
319 forma f fea\S}eesrae“(’T) ]Teé’ff??rc?f WE‘?“ "83?1‘?:?“%1 f ”851’ "’3‘2"6 o ¢ TP D % shows a
smal | part éﬂ“"t&ﬁ array of printing elenents 300, including a cross section
315 of a printi Nhe@lefermad Ribo3iBENt of Fid et B opSraxestbio Bs ﬁﬁ;&a}in&rk&@amnwtamut i nk,
to clearly §Jﬁ9%&kk &yhls “r'ﬁe M}rl]&tas;,@cl%ov}ea@ﬁs notl%@c%s'éa%sfo}ugﬁ ﬁéglttpa%&? oial &c% I\%ﬂf

301. Figures . % gé’) show t era etrM
printing el &FENc™ ﬁ@’ M o Qiﬁ“gﬂe %Ta%ﬁé%ecfraﬁeéeﬁ&rﬂe%@mm tb‘()“§’iP13F 8ﬁe“bf t he

i nk meni gbusﬂd@%e uigup oy IR - FigurerdB phpve themetbapdoenisiasyshiagtam, reflpotike persrelptestinfermasior i n t he
nozzl e Chaﬁhﬁﬁtalﬁ}yb}&lﬂgfs%&sér&lﬂﬂioﬁﬂleﬁktpageh@wdrmk meni scus 316 and at the

rim306. Wile r|nt|n r|nt e autes data from

the print elfdrREsJomny: g‘f“f’%?d 19 Horoq Frae @Rt Pederee °ﬁF‘F F\"E’ is I‘P&‘p&lﬁeéi’?ﬁ‘i’ﬂf to ajttagsholdes t he
data, and bisfifdisrswhethe thelpen & “nd orddawy’k Thistvllove b mEtartinckiemeB diBhephes totbe ‘cokdd btye 20

act uat or2@epsssifabith 1238 nit M &raef BUSHS:, AP @BAHK Fréndd ncbldfi! Bitberid, B@BRe N1 OUgh
e pear P2ludll (Ml aDAL« QNG L) SLOPECANLr LERM L dubd) Joule heati ng.

The tenperature 1ncrease resu ating causes the beam pair
308 to expand. As''fRE {5gEds he &E‘f‘?ﬁ’aﬁf‘%?ﬂeﬁg’éﬁ?fpﬁr“fb B regaen Bt imaggt Bde it does
not expand, infresgpetiumcpniana 193 oftberpags dn thh victngy @ the @ib.ieteands rhe hdaest tagund be@mspai r s.

Thi s st r essuépdkifi@oencas ieﬁtlvp W thelt3 oM the el?s&‘tey ﬁéﬂsp&b{vetdigt@m&ﬁﬂrtﬂc ) da hdg Gha aRNd Of

the el egly a 1o e substr 301. The
| ever armB%]? %Phllng% F P(.S?tqmu%-r srl%onres nneo nogﬁlmgy gﬁ%v ecauseglﬁja The
nozzl e chanfrerW Sothe WW%@V%@{OPW‘ Wrﬂert@rree,rfe afivsisd proidqntrpseipion EKwiteishn Fi gur e
19(b) . Thi sexceednedmsdnutnhgolitiokeqir@ $s ueqte @ntinageigiion321 out of the nozzle

302, and causi ng gelRtionk x@!Kan’ﬁQh&ﬁé&%re%é’pﬁmﬁ Q a@érliLsQ)@stmlep a smgc%l)sﬁts 51’ a@qﬁagé
prevents the i

adin
nozzl e %a er gﬂ"ﬁfe‘{]pﬁsp ﬁons f'e tﬁ"’p"é? 2 3%%‘%6? 1”’tn%c" ntrﬁ"%%?lmlplgte‘%%'éheé%ﬁeq‘?ﬁg
equal i z PRE et fatmB 15990 Heest (ithe page It obihe ml“’hm@@f Bowie Pohenecthi s ai ds
i n the br eakkidfuhdeoforntah@cumistbhed fiphaimdchdmbn @metthee. | Nk 321 in the nozzle

chanber , a8 S h O\MEal:hrhetpage pen has a current sefection 826 associated with it, allowing the user to perform copy

t he

and paste operations etc. The selection is timestamped to allow the system to discard it after a defined time

period. The current selection describes a region of a page instance, It consists of the most recent digital ink

35  stroke captured through the pen relative to the background area of the page. It is interpreted in an application-
specific manner once it is submitted to an application via a selection hyperlink activation.

Each pen has a current nib 824, This is the nib last notified by the pen to the system, In the case of

the default netpage pen described above, either the marking black ink nib or the non-marking stylus nib is

current. Each pen also has a current nib style 825. This is the nib style Jast associated with the pen by an
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Figure 19(c). The nozzle chanber is refilled by the action of the surface
tension at the neniscus 316. Figure 20 shows a segnent of a printhead 350.
In a netpage printer, the length of the printhead is the full width of the
paper (typically 210 mm in the direction 351. The segnent shown is 0.4 mm
| ong (about 0.2% of a conplete prlnthead) When printing, the paper is
noved past the fixed printhead in the d%rectlon 35 352. The printhead has 6
rows of interdigitated printing elenents 300, printing the six colors or
types of ink supplied by the ink inlets 312. To protect the fragile

surface of tapecaftih 43t HeBMAnsdWldeNGr RREKAL doRPfonth ﬂal%z'i'h@ d&ﬂl@-ﬁﬁstﬂ\ﬁj tﬁt{ ni

attached to SLI 2 ac rels a
cor r espondi ﬁ&ilﬁ%cg‘%}n% Q‘“‘%qa‘%g escﬁ%‘iedﬁ'f%%haﬁ %ﬁe\?\ﬁe antlélecmferr'fﬁgé?‘!e Q’F‘eﬁﬂé are
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NPT013- SG 19 papWhenéveddsr @n Brwittit keege of @ brintes witlf wHich @i c@Ccomuiniinicts te eyt hr ough

the air 9l @lses 33nARNAEOUhePke ﬂeﬂ ﬁﬂﬂpwdga gdRantal §s agedftlﬁﬂmﬁ g;a.rﬂfa'ctﬂﬁt!esng To

prevent ink. 321 fr r Y ﬁ’ rinter
Py e, | 1 e Bt Bl 8R0S N s B g G d PP SR ge
systemis ty§i€&1y a pen 101, V\:hl ch, using its enbedded 5 controller 134,
is able to capture sqmtedeepoed dibkepid Sdfdrbd af #GS1 ifid Difitadlin BB el bakisabt theMBYE

sensor. The dil lgﬁg@hang%%%ﬁ%néssan@ hm&rﬁrﬂg %@&nﬁnedr@ééénﬁlgn Qf Qa\ﬂvgiﬁ% }Mdtfﬁ‘ &Bne
appr Opl‘l 1 hcatlonof er mt sensing at onl y near-infrare wavel engt hs. As

descri be iﬁenrmre bel ow, the systemis able to sense when the nib is
in contact with tﬁépenssl)'ﬁl?!%@fi trapprets digita! ipfetpith wptpagh brintet i assborts@getrailydinia Fheg
suf ficient mradntet GigieBiak i krypret o pritaaylitvbeb ity @ fabketRed faHefAAEH) naliiissioH, bur r €at er

and 100 HZ - Qlay{ ARl enls 3 TR BRI Gl Bikce pen 15 encrypted and
he 10 printer ase station), the printer or

w rel essly transrqy ted to

base statjon inte E)ef‘g‘[elpﬁ’ds P e a\RP‘F"ﬁ“I”%@"Bé'@t‘a]P‘B“‘t‘ﬁ%"at’l?‘ﬁ‘l?%n‘yh‘“baﬁé‘
struct ur'® Mrsiopf erdemdnpteaefiowtivens ndvaiting: Ween the b dspece pmin volierat ofs pist,h as a
nor mal mar kit igsfi iy peedagi s @ non-narking stylus. The marking aspect,

nowever, i S nOt NERRSSRL ek FLD xRS HELLRYS.TNS] ST 85 B,RLNRL N0

system such as when It page pen
i s regist er & KPR PhE ﬂ??é‘?ﬁ%fbé“ss]%eﬂyé’ﬁ‘i“ai%‘aid‘illﬂh FFiREr aper s FTWIns Wit gy Fi gur e
23 shows t hetidtrpmage pen cl ass diagram reflecting pen-related infornation
mai ntai @@d by a registed atbbddhenS@hyiRf is deberiB if Pt RLNAGSINELIR! Jiim SR €i t her
nib is in CB@%@ LNt h @ netpage, the pen determnes its position and
orientation re atlve to the page. The nib is attached to a force sensor,
and the fort& on NEHESRINERAQTONNGt ey preted rel ative to a threshold to

i ndi cat e whet her Thhetpgee printes 601 Sicqves ot relach@uad'strokd RénSthadeh INVBhea the feth Bh@ChI Ve

el enent on ﬁxtb;@ct H@gﬁneﬁ%ebeme GhiLdad of b}y tag 4 QE’&@@@ tﬁ%e%ﬂeg 1tt1§1r.f§edng&e&l!eg i in
orce

order t Gsf € v ment’ susha% ‘a. sgroke %er%if-alaﬁows the u{’?ml% oqqle é:%‘mclé]a pﬁ%e a}a% Tsrl:omﬁed 1%?ﬁ.cgv§ of a

is capture nti nuous value to
signature t%“'“lﬁ‘é “\/'?SrdF“?”I“’é‘ﬂ‘ andrgpdndigatiqn Efé%eé?l?‘ﬁ"%@é‘“qﬂiﬁ@fﬁ%’?q elgriye *&r‘i‘@ pegeitodat at i on
of its nib dnintdBherrgicpiag@n yratsaite tle prinfar, s it dsiifds afaakt DNSLEd gageTD S@ST ar ea

193 of the Q@ﬁ@ke i mﬁw&k%d?és; o tﬂafnetggthepagu Lrver hé wﬂ&%aﬂéﬁs & ﬁ&,@spa tag and
conput es %m%%?d {t Ithgrp tragsm]tf {l}'e strgkel?o tlixebpage sI Ve r{%tge[ ;ﬁ%e w?gre&%;{{gr Orl;n gid.ﬁ@? bS er ved

perspectlve stortion on e | mage of t he
pen opt i°8s. st thep g Rrinten @ eay 'Fatﬁfhf’r%@?ﬂ Eftﬂlecsﬂe‘fﬁif PageRarver s rm@e Freh hetpoge because
the tag densistyf O@mpdaepag@agent insinbind férSechty UphORLEd fagibaker (se 1e100). tRGai Zz€, the
ad] ust ed pol§}'01§t'ré?é?s th @l?% ‘JJch erlmég'gs ﬂh& gnﬁ pﬁéegg&" text, %&aﬁﬁ g&rgigelsgvhm@re gﬁ ﬁlé %grg]e

resol ution requi red for accurate handwiting recognit

When the page server receives the stroke from the pen, it retrieves the page description to which

35  the stroke applies, and determines which element of the page description the stroke intersects. It is then able to
interpret the stroke in the context of the type of the relevant element.

A “click™ is 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
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Pen actions relative to a netpage are captured as a series of strokes. A
stroke consists of a sequence of tine-stanped pen positions on the page,
initiated by a pen-down event and conpl eted by the subsequent 30 pen-up
event. A stroke is also tagged with the page ID 50 of the netpage whenever
t he page | D changes, which, under norngl circunstances, is at the
commencenent of the stroke. Each netpage pen has a current selection 826
associated with it, allowing the user to performcopy and paste operations
etc. The selection is tinmestanped to allow the systemto discard it after a
defi ned ti mectiof eeh 6 6l“slogplreclick ib Fegifttr isSi@ilcR&itby BEladd 05 6Hdndd @6m fe feglodTLEDf a page
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nib 824. his is hiagpedikls Jnads of3aking 4 RkaddYo AriRteRMcalidd, d @i SERB prikesl t he
case of the. def At %tsﬁ%ge pen descri bed above, either the marking bl ack
ink nib or the non-nar ylus nib is current. Each pen al so has a
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to the netpagé ter Wcﬁ oLy efamP &n"ﬁép" RS THR 2 SHHEPE PERERE Tt d

digital inkt gforéﬁwaylps wiinftgreonigxi i abigh i prdeamset @ trposigtion intd askiffetent tidngupad. Haely
ef fici erR0 t haabikiyps Gitacteidl byl vBiat infdriyrSs ddniee the BiplickiopeNn- UPp event to ensure

timely handl i ng | ok Rish it WRR d\GeoRE b Bith sOL i A09E lncd | 1t o1

it buffers di ltal capacity of over

erna
Len” i nut os ST PR HUGUE BRHERPE P AEn kb trien A G B St 4 1 i 1
range of a [ pamlicgtion, forjetample g ishdpripescar ey pendifefponctasts wiingpinediby 4 nuichasivk apriicptieran be
regi stered withirammeudtinber of printers, but because all state data resides

in net pws bot hThQ @st%ﬁt[des%@m%%u&e&%el&@o&xm rl(a sel%cg:lon h§pel‘]iﬁ1€ ag at}{m I%&eﬁ;r i al

whi ch printer 2 pen 1S communjcati ng Wt ny 20 A

preferred eyl Hembeh et tfasysar g Hﬁaé‘?frﬁﬁf)é’o“ f"’ﬁ“ E’P%‘H‘f‘é‘?‘“’ﬂ‘é’l’ é‘fhf’“g]‘ { "%ection 6 -
bel ow, wi t hipelink has fig'eubmit deltdjatyippie s:t, Bulit imputlsBee tike 17t JiE TPRGEn [SNFERACK BMmThe :
net page pri mtigks 6eHkci@6h y@sn dalR-inekdbiong to a st roke fromthe pen 101

\tNg_eg Elhle p?ga:js bU§ tﬁgerllir&ed glrog\#]%% (f’s%tgmm él«lpnerﬁ é&%h&gga? ar %ssoma % h(}p%g E&i asc'isf:f})tw%1 1113 of the :
9 % Figure 31yWhen 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 field such as 2
checkbox. It can also be used, in conjunction with the *submit delta” attribute of a form hyperlink, to provide
continuous input fo an application. It can therefore be used to support a “blackboard™ interaction model, i.c.
where input is captured and therefore shared as soon as it occurs,
35 172 Forms

A form defines a collection of related input fields used to capture a related set of inputs through a
printed netpage. A form allows a user to submit one or more parameters to an application software program
TUNIing ¢n a server.

A form 867 is a group element 838 in the document hierarchy. It uitimately contains z set of
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25 novenent, such as a stroke. The data allows the identity of the
particul ar page and associated interactive elenent to be determ ned and an
indication of the relative positioning of the pen relative to the page to
be obtained. The indicating data is transmtted to the printer, where it
resolves, via the DNS, the page ID 50 of the stroke into the network
address of the netpage page server 10 wii ch mai ntains the cor respondi ng
page instance 830. It then transmts the stroke to the page server. |If the
page was recently identified in an earlier 30 stroke, then the printer may
al ready haventihefi-aidHnes$390A fidstdhe|36aradsentd 3 PRited REMEIof 4 frml |t &nsk@6M8st ofEACH
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the activatjon of an associated hyperlink. 1.7.1 Hyperlinks A hyperlink

is a means of senadin fg a nessage to a renote appllcatlon and typically
elicits '@ print ed®fergipsiaece isipsociaad et} Whge fepdnstensys dpividyfyeit g groddingrent 844
identifies tdvenbipp). rrmatlnomu Bid thovtatet bersdva BH f@ & irtphriidtRt tin@ Perid to b @clydRAEl | NK, a
link 1D 54 y\gg,;ng,h identifies the hyperlink to the appli cati on, an "al i as

required” flag sks t S include the user's application
alias 1D 65 in th‘lénclflf’"giIS s m‘t 55’%?%5] gﬁ%"’k 8RGO & & LS TP BRPCATOETFI used
when t he 1037H7)F&ér°ft’17'ﬂ‘é C?%lst?@eéﬁrf eficstyledh srokes BTavRaeH streke oqusiggpp e et o timertzinbpd paaser ' s

hi st or y 20Thgsitissp&ne) dacbkof @hiet e inclGdef et ofkinfbh ARD ditSforcs NAMRitiNnkFdlaghliiga® 8. VWIEN &
hyperlink i g.a6ikyated, the page server sends a request to an application
somewhere on the Pe%go pI ication is identified by an application
ID 64, and the appff “i‘eﬁtr?q fﬁnlb% FEgBrisld 5h afﬁ’i’eﬁeﬁﬁf‘réld‘a%ﬁe“?/f@ tHe DNS.
There are t#muwe felf§& Thyflicihglewert klasn fizzramgesheen &l Fighny pre shyi dizhd inBG&Byred ing fild’s

hyper | i nks B&&5sisafigh-dbus@ti@ct i on hyperlinks 864, as shown in Fi gure 30 A

gener al zlgyperl i nK& &Qc@bo!vc HQ& ﬁgﬁqgsocﬁmg HIHES ue 89{ ass ownm pgn mqgtr}a tic
sinply signal a ‘;ﬁ ence server. yp Rk submt's t(’h
cor r espondi fig># 3$ % z‘gﬁ%’éﬁ"ab"ﬁ‘l‘l‘iﬂb‘a? Fhﬁ‘ilfm",&d%e‘f%"ccﬁ‘tsﬁﬁ“t’?y’ﬂ\é"ﬁt ‘?eﬁﬁ‘g%"'ﬁﬁﬁ‘tet s the

current selfelisivdr- to the application. If the current selection contains a
si ngl e-word pi ecex @ fidl€net an afsefiate@ %R RDID32, tshﬁ‘o“aana& IA% Yxﬂcﬁzﬁwﬁﬂa

si ngl e- page, o d co [ w AL wthin ont ext .in which
it appea@ et)‘(g?&daﬁtﬁr?tanggoﬁ{dh%gh %ﬂr?egt!“? £ ?JTE flwrﬁ:fnecu%“o P AT per 11 nk
h

type is Chap ZEAETT Blg G5oe rndrriion ’feEﬂg‘Hta’P iSOl jegeretopd r’ﬁet @’e“tﬂantptﬁ ?“H@ft dppiY-cati on.
The cor r espbadindt Wajher.| TiplStaiens hame @ B6.ie Hecofitils R&odnitiaNIBER Trokecdold @5 whi ch

can be s peCIiafteanAﬂaQsisI 5@ Machine Intelligence, Vol.12, Ne.8, August 1990, the contents of which are herein
incorporated by cross-reference).

A signature field has an associated digital signature value 883, as shown in Figure 37. Any digital

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

pen, and a digital signature of the content of the form of which the field is part is generated and assigned to the

ficld’s value. The digital signature is generated using the pen user’s private signature key specific to the

application which owns the form. Online signature verification is well-understeod (see, for example,

Plamondon, R. and G. Lorette, “Automatic Signature Verification and Writer Identification — The State of the
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page i nstance on which the hyperlink instance appears. The transaction ID
can identify user-specific data to the application, for exanple a
"shopping cart" of pending purchases mai ntai ned by a purchasing application
on behalf of the user. 25 The systemincludes the pen's current selection
826 in a selection hyperlink activation, The system includes the content
of the associated forminstance 868 in ? form hyperlink activation,

al though if the hyperlink has its "submt delta" attribute set, onIy i nput
since the last form subm ssion is included. The system i ncl udes an

ef fective r ebttrPatepaitchveiitonabdl 2 Wper 1989 kie @Grichty att #1ASire Hixedd YiR&PdrkcB g cho@r OUP 866
is a group egfgggpcpt 838 which has an associ ated hyperlink, as shown in 30
Figure 31. Wen 1 E_Héloccurs th oug h any field element in the gr oup t he
hyperlink 844 ass8dPaFEd™ i PH'HE " &F’bﬁ%"bf‘%‘sé‘%ﬁ'\‘P&?“é*&lde’%’eﬁ%*‘éﬂ‘r PHE®A gr oup
can be used P z@s grrrstee gy pes picphirpub & leanbing pn agiotided eld vabik dhlemhﬂua@ ingthe
checkbox.5 | torf & wadn3I@ fdAR codtGigin the fidld GBMIALCT i on With the "submt delta”
attribute of a forgn. ' 0 ut t.C an,
applicati on.. | t ca}%}n{:&ﬁp od? léac gsosﬁrfs%eﬁx%ggsensldd&@ %Ig%ln ’?%Iafso ot " n'fner action
nodel, i.e belfher e input is captured and theref ore shared as soon as it
occurs. 35 1.7.2 BompgheAafieitng defiitive ggstho obifkeotling §.e ofith pedsaxd el dymanpradf i el ds
used to capip mvehahabegnsmebnad (ien\ﬂmta&ests biyQb 9Bmp ofpéhlnlaﬁcﬁ )ﬂ%&@&ﬂm A form

al | ows s %—oﬁ 830%&419 m-lt;en ghngcté?s ‘:&h frgla%ve% qglgrz%;r S\mgt OIO.It aa\pnt er ende-tnﬂg{?gg ?h?]OI th\g/ar €

program running on’ a ser oup
docunent hi ér‘”&?‘:b‘iﬁ'ﬁ“de?*f“"?ﬂ ‘iff"’r‘i“é"tT@P%}S %*tsﬁ%ﬂaqﬂhgen%t@ é‘tertéﬂe hUWGR(B‘ZﬁTS@E‘?EatGdt erm nal
field el enemt-fongBeeessihy.f or m i nst ance 868 represents a printed instance of a

form It consi st spigf ﬁk Qﬁﬁlreﬂlfy statbd, Gdnélstd H%ts@dﬂ&gesof ggo@es"‘ﬂly%@okg QhibEsROAd to the
field el eme 8\75]1§c;u1§41§ment 5 Z0; dne 15 aF_Pandna to Eat el@m n J qal fn.rlg ftﬁam read rgon 8?? &iwﬁéﬂgsn? ftrlgl?ét

val ue 87 ose aderod

el ement . a&%“@?n%ﬁd&av%ﬂleﬁéd‘gﬁ‘aéwlﬁaﬁw %’H?W@W“’&ﬁﬁ&?‘ilgﬂémkatrea%rl nted form
i nstance, i.e. thprigtghk @peedor therigromd ifiell & Ghtatedep agesiectidn st Cifumstrip6dnas s
diagramis &QQéM? mbr@olféctgﬁléﬁerﬁg intebpRdel) o aqgl%dng%@rﬂﬁlﬁnschﬁﬁ l%ac@taﬂoﬁéﬁ 1B 4Vl CH

i ndi cates V\/n retatmnsa " (l)rmlg active, frozen, submtte void or expired.
Aformis ac rp Wh Ir’??at PG i nted. A form becomes frozen once it is
signed. A form be??b‘ﬁ%%m@ﬂﬁ%%*t’aéﬂ’smﬂwr@rwwa?ﬁtpgesubm ssi on hyperlinks has
been actd0vat ed, unless the hyperlink has its "submt delta"” attribute set.

A form becomé’@brﬁmXI?ﬁf‘behhﬁerHc‘iﬁﬁsz.{hVé)&?p%gé void form reset formor

dup| icate formnage comme explres when. the tinme he form has

been act i vel eXWUeRdd t FRef of i BeSMREi filed |ifeti MSiohile the|formis
active, forjHyedigut Geperal | oj@éd#. | nput ymbmmgiﬁomoamnmEM| ch 1s hot active is

i nstead capt ured i fFoEE DG m oh page

i nst ance. qnen t he See;tghi "cl?‘%ti ve—of—f1oz T AT el..h }ssion—s allowed.

Any attenptlto subi r mwhen the i ""fr?ee“&"’H&“[a*’%'&?“’(‘/e or frozenis

rej ect ed, alFRﬂmiﬁﬁgte%ﬁc"é‘l”ﬁ cf\f‘)’s‘“ﬂh f or ffssigettugdo fieldport. 15 Each| form i nstance -

i s associ atjed (at P8yt W t hHamywitingl M | CohaRGRRal Hebiteke dssigh @it t| t hus
providing & version hi story This al lgys all but the |atest persion of a

formin a particul &—tire to hﬁ@@d__udgg_f_mm_awh. Al'l i nput
is captured as digital 5 nkl 'gﬁlﬂ tal i iREEFPUINGEEs of a set] of

ti mest anped stroke [{ngiyps [Signature Verify digital ink signature; generate
digital signature of form; assign digital

signature to field

None - Circumscription Assign digital ink to current selection

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

25  predictable behavior.
The raw digital ink captured in every field is retained on the netpage page server and is optionally

transmitted with the form data when the form is submitted to the application. This allows the application to
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874, each of which consists of a set of styled strokes 875. Each stroke
consists of a set of tinestanped pen 20 positions 876, each of which al so
i ncludes pen orientation and nib force. The digital ink class diagramis
shown in Figure 33. Afield elenment 845 can be a checkbox field 877, a text
field 878, a drawmng field 879, or a S|gnature field 880. The field

el enent class diagramis shown in Fi gur% 34. Any digital ink captured in a
field s zone 58 is assigned to the field. 25 A checkbox field has an
associ at ed bool ean value 881, as shown in Figure 35. Any mark (a tick, a
Cross, a st rindaegateshe fawldlgit ing@agy it edpet he Eigipdl tbh@ioh, Bucitas € eGleRBX offin@lr@ers zoOne
causes a trug \fﬂ:l ézl@ e Qxa.gﬁe %é!’ﬁgl{}ﬁdq nItegreJanpat thfe larﬁllcguoﬁ leV&kop%mg%h&heﬁf ceIté!: el d has

an associated te ? %g shown I n Figure 36. igrt

captured in“d ’caf“m's?e‘“ § cé”llsﬁte%cy Pedn st e eétEfF‘B’Hﬁfhi‘s B3 9gre E‘"’B‘ﬁ(ﬂéﬁdtﬁé‘b" &t @5’(?3 vi a

onl i ne handwesiepdted gs + &evangficldi Top 2ppliperipn canahen docide, o theybasis ofiteechres@@ of digitaliak fi el d' s
val ue. 0'15 | Pasideale diidi fieldgof e Gafh) B rbiteQRt forf tdVEunanlbpeles Sh A0 dumBiRa thit% uexanpl e,

Tappert, mﬁgaé% 1nd§H§irAm§|@lgenJ to t}%he%—%el%s Qu;'s;(li_bo?thg-é fad, of the Art in On-Line

Handwri ti ng ognition”, Transacti ons _on attern Anal ysis and

Machi ne Intelli geFfE‘Ee 3t 2y f?“""‘hﬁb"fé‘”’rﬁﬁ‘f@ﬁfshﬁ“dﬂ‘%@ inpptselativestit retftss TGS ch ar e
herein i nco?nﬁ}é?ﬁélfee@ﬂdaya’f 3Dz gl dibe the poeiientifinsEghA the pge hiteted3trashigithe

associ at ed @iggin fl in Sib GRS HES r%&hhge(at&% the $8ze AR IsNiadnlifGlY @ 587 « tiiiteddi i t Al
35 i nk Cﬂpt lélrerge(Ht k B V‘%OS% Izg!n?% l\‘ﬂ'ﬁ stroke ?nterscc?s %E? nemlllg;%taéég} \I;!]ilatller t@ tjmx'lftte I;:llt:n]flelned Wi t h

respect to the | $/ 9nature
of the cont é?ﬁes"ﬁ‘fls tE’ ﬁ&d i WlaWdt“ﬁ 6“ $oPitheqecpieed ﬁ?ﬁ to Ihg dl@@h’é‘r"éﬂ‘@ dand
assi gned t o valysé71, inferpieiiiis $at §68) theerccuribiated digigl hindf i1 ifighd atdldet@minBg GIRIE bdiedhelSi NQ

the pen useweidispid datRediaNAbl ke KLY &a@@@dné '(a@ggtspthet Jgs%cmte@ﬁlilﬂeﬂlﬁ@&ﬂex?dﬁvéfw CP
see, for

owns the f Ol;iégnnn%l;g (at@% ?ﬁegn QI} lflréfxeaﬁ%i%{em%n CO]TGSBOAJS' fo aﬁl er mke ent %93?0 ac% gﬁatl cation

exanpl e,
and WitE Faafi ?WF%%@‘PW““““FH'@“‘S’["& &t abyepge of WI”‘PUI’BM SGY@B"* Agpending @at t er n
Recogni t i on890)ié re@Red dnioke2q thd @88, inK diehe CaRdr@nt S:1d0f33;Whi @pying sm)ameieawed

i ncor por at egholito @Jea,séfselscgén%@dm@aum&eﬁ a%aﬂtaﬁkmpkgmuome%en if its
oes not have an |n ut

"hi dden" attributg i

zone on a page anﬁ cf%sa S%ows a’%etmle&jﬁ] Wnl?arrtl °§ P B% n ggf’f“‘i"iﬁﬁlg’w’éﬁ FIBUe ot Mty i eI d
val ue whi ch?eEmjaia figigeisk ?fﬁ ﬁF‘Hé? mtspr?t@ramo@m & thetten of theefiefdo Fhmiproersst caiisists Ay t he
field i s20subuentitigo(a 9Bt gpe fld MR EHESHox i (it 85) Slethbrket- didihI GhlORSesinRAl cat i ng
del eti on, Céﬂ@ckﬁlar}? qmb@ sJ ﬁgﬁemaz% d e fvghrefn b lﬁgé OL&B aﬁs&a\}éﬁ%ﬂ&ﬂ%mm@w Iting

recognition acces nam cs of
the pen nov eﬁé’%ﬁ ° ﬁel? éstaﬁeé @ﬁ’éidps" 6?”1@1“ @“90?) ‘heé‘g‘“\ﬂ‘ﬂfﬁ ot tS‘f "B bit map
of pen mar ki g@?‘mﬂaietfegéﬁ%‘ww ey seisniog (at 90N the monskirteCmputer fextvip ihe fiddvablsar act er s
With rel ati sehytivil glarmiog G Se)whetid b il is Dsighbitint Sild P NBENe o) i BGphase. A
witer- Wem%% SIEIQ&L% lof tQJpexb?dmw vJ'ltTl lh@ﬁlp o?th?alﬂﬁrgﬂmg }e&@atlo){ ﬁgrgrn(gga@dtg ?ag?(ﬁ%ver ti e,

however , @ .can ner at e%

al ready st af'€d, &% gonsprs t"fégﬁﬁ’ﬁ‘@lé‘g B’fm §‘t*°f ‘B‘Q'é'ée helAﬁf;}hes“ngsWé“ FHTEK starts
in a parti®ie e Peel°t§¢?emﬂv‘”§° gepree Koy relaiyp rttberdrasmynding applieficormhistigingliagiofal i nk
stream r eatlydifitarsigtafitc®s et adieon. Any stroke 15 not appended to an
object's digrsal ggkssllR@Masas2PPended to the background field' s digital

i nk st regm

A page server command is a command which is handled locally by the page server. It operates
directly on form, page and document instances.

A page server command 907 can be a void form command 908, a duplicate form command 909, a
reset form command 910, a get form status command 911, a duplicate page command 912, a reset page
command 913, a get page status command 914, a duplicate document command 915, a reset document
35  command 916, or a get document status command 917, as shown in Figure 39.

A void form command voids the corresponding form instance. A duplicate form command voids
the corresponding form instance and then produces an active printed copy of the current form instance with
field values preserved. The copy contains the same hyperlink transaction IDs as the original, and so is

indistinguishable from the original to an application. A reset form command voids the corresponding form
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Digital ink captured in the background field is interpreted as a sel ection
gesture. Circunscription of one or nore objects is generally interpreted
as a selection of the circunscribed objects, although the actual
interpretation is application-specific. Table 2 summarises these various
pen interactions with a netpage. 20 Table 2. Summary of pen interactions
with a netpage Object Type Pen input Action Hyperlink General Cdick Submt
action to application Formlick Submit formto application Selection |ick
Submt selection to application Formfield heckbox Any mark Assign true to
field Text atadswni tinp@aCeayehit: phlicgkdpabf tic fifm in@antetiith fielVGGds Gittati@X4 gel Bm i €l d

Drawi ng Di gigthead coﬂumﬁd $5¢u805 gangh teaén dnlHE sl (tfltlglcgtcélmqgg% H,gﬁstaﬂegl%w ﬁhogfg' Igl

digital ink I nature 0o

signature t 8%#’ |&ee Y l{ﬁbﬁ agﬁ“teg’ %"ﬂ ﬁo‘%‘f %‘H‘e"sgﬁdg‘ﬁf%? et e f°ﬂ‘km5t”‘6°°cur rent
sel ection The sysbiesnrfar Arelitkgnsance eanteian ragsadtiorclD; Bnavbigation bes kv b dmolved ine

sel ect i orb c p&ikisd e fofiphsan@f A Bub@ rdai!msdngaﬁe@@;&h\ﬁlsta‘ﬁ&emi{e&foee&ﬁtcwy%qa]ehléhtea he
background fjgles The selection is cleared after an ifiactivity timeout to
ensure 25 predi ckgbl e behavior. The raw digital ink captured in every
field is retained" SKIFHEEH VY ucEe PEpfap obfiticomeroniitg pasansege witithensm t t ed
with the fobakebaddicindys preppeved: &fithm prss contrlym fotrect ig @rt bivefompdén tatuplion:. pagkhi s

alh | O}/\I?j t he aqalaidGaihtirpBleda®a duplREODSr kanadd A rbsttok E&ﬂﬁh%mﬁd&é alpfitléd qﬁpg bftﬂﬁl i nk
shou i S conv e S1 on
‘F %Qsﬁ&hmé;{%% uggaﬁcglivigffj}#e bgc(l)( LE(; Ee:ldo vglhe ds scarcr d. e par?a contam orm or LE Pagn at the

handwritten AT nterven
appl i cat i on®i2dtre thep 8¢ refeb?aﬁesm\’ﬂﬂ?"é i “F%“I*ed ése*’rft’sglf?'im “&Hﬁ‘l‘di £ &%t pashistasp eEimpdc
consi st encyrrediess kintedspog n thecta@ne it portsporting e itstaee, aritdingehdyatiikigl B wad itar ea  of

g f_o(rjm can bﬁpmfgee,s& @&LSﬁﬁm&iam@wﬁr&gﬁ@ﬁmltcomgs@i@ igation Cﬁn theln
ecide, on the [ esence o e the exp icit
fields of the fo?ﬁ% %%tp%ger%%? E'ﬁ%'eafs T %%ﬁ lﬁsn%uﬁﬁyoaﬁsé’ etdo“fltﬁ giﬁph

assunpti S HH%E t he user may have i ndl cat ed anmendnents to the f| |l ed-in
fields outside ofWkhes®: futabdis dupkdaiglivier 188 valopEsereedf fe@mwailia bt pmmiedtm&upr ocess

of handl i ngnaa&ﬁorjmnpufcheaﬁimﬁfa&pva% o QSrﬁdaﬂﬁhé?,ﬁxQ J}l{beanﬁ){eﬁ‘i&éésas fest o
receiving (af..8 c?rantl t he page

4 tr
i nstance 83 rgsia/'\ﬁﬂgh&te%?pear E the“ ?rt%mg(f‘p ttﬁé“g%af“f'e(? 8“‘ E‘é ey Sta’l“’)é’fl EFi ng (at
886) the pa’@@"aﬁf&‘ﬁ?‘*ﬁﬁlﬁ‘%ﬁ“ﬂb"m cﬂ’élhtl fying (at 887) a formatted 10 el enent
839 whos28 zone 58 &hiBats tavedest contiati [BiGdesSa priftet cBfyIFF thé ddGeshondineliSRenvi@hdaer t he

formatted e&n%rm& oLy e obulient conta I ing (at
092) the reggl vg g @%%meﬁﬁffgﬁgﬂﬂ B o 1) b abRuERREHY

interpreting (a glf?gcﬁﬁes tF fO"“%fEé eacf“%‘fa& forag commpd dgis- 4 Y536t dorumpgcompng
det er mi ni ngP'{d4tes BYpd et e coreipending fosimgntiinstange with bedkereunt figibvaluesrileadiedy Foup 866
and if: so abd dowakrt Bgtaigedny BAB,)theh e re@B® Qe tthala YRR the M4 in @l tRE Rt M| Y

25 form command does. A get document status command produces a printed report on the sfatus of the

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

If the page server command’s “on selected” attribute is set, then the command operates on the page
identified by the pen’s current selection rather than on the page containing the command. This allows a menu

30  of page server commands to be printed. If the target page doesn’t contain a page server command efement for
the designated page server command, then the command is ignored.

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

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

selected” attribute set.
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determning (at 889) whether the formatted el enent corresponds to a
hyperlink element and if so activating (at 15 895) the correspondi ng
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 qgl) the received stroke to the
current selection 826 of the current pen, as maintained by the registration
server. Figure 38a shows a detailed flowhart of step 893 in the process
shown in Figure 38, where the accunulated digital ink of a fieldis

i nterpret edi&ccor Sammre Eeatunes erNseracds t he fiel d. The process consists of 20

det er m ni ng ( at 8Qe) pr‘éﬁ?etih)%ﬂ egcfﬂt?etpﬁée %lpgntéd%tﬁth@rﬁﬁ&gg%t tﬂéﬂbqtto(n% indHd harpthet her

the digital .ink re e SO _assi at 898) a true
value to thé e F RISV ot eff%,msh 'f“g?cﬁlaetp“\’?erf‘ $ ﬁ%t"@“ AN g s(cﬁg"n%’gg) ’W’iétsﬁer t he
field is a Pexpetq I%EI"Q‘O@(‘PFdaF“PY %f@ee@ﬁ\}@ﬁt fasegf A farm, BOOYonpladicad  eppy A khe prtife t o
conput er & efotm. Awd it hhe taseenf @b dodument, Bieh &R EEOE dodiiof the BiEb:SdiGiRin AiknSey Moer , and
assi gni ng (a,tadv%gst,)gp;g@e converted conputer text to the field val ue;
alternatively det Tf“ﬁ 8%5 (at 902%‘]whether the field is a signature field
and if so verifying(a SPet R U e i Whe RS PEHER AR ESST t he
pen's owner SPevifl paRy fugsbionpyist handisf byt linkinedhs preebnttondd @ appbiggiiont r at i on server, creating
(at 904) a 1digi tuderBEgSadrem e of the contents of the correspondi ng form

al so wi tﬁ) the hel Ra 9;%fe$eﬁ@ml¥o§i9én§ Ehlé @e%a&%nﬁg has sm qenalqtltlon lIlaﬁellr}llg H'él%t ! eg gressewn er’s

private si gna}ture g hé "corresp on,

assi gni ng (ﬁfm’@@%‘)‘glepf‘ﬁ?éf'fﬁ”@f‘"t" I‘“"]’éq“@nature to the f| el d val ue. 1. 7. 3 Page
Server Conmands 3JBuRfpatecometiger conmand is a comand which i s handl ed

| ocal | y by the pagesssinéonsumablesoperates directly on form page and
docunent instancqogleve]hg;gmoeg server command 907 can be a void form comand
908, a Q@pl i cate form comrand 909, a reset formcomand 910, a get form
status cOmand 94 ME PG MENt e page command 912, a reset page conmand
913, a get page swddvelscognerankldi®dody a duplicate docurrent command 915, a

reset docunent Bfie&gmmetm%@mermhcﬁn%tzoﬁm%erﬁm‘ty&mcomnd 917, as

shown in Figure %1 t he corréspondi ng form
i nstance. A dupl ?I?:la 6 lgrﬁ’ﬁtcmb“r'ﬁnt‘ﬁ"ﬁ {\i/SOIe u°“mtg &“®%t r espondi ng form i nst ance

and then produce@hncores p dsumseti nt ed copy of the current forminstance with
field va@0ues pr eseit v@édn cohheao@pPy contains the sane hyperlink transaction

| Ds as the origi g@jnhe@gggof%qoc{mgem i ndi stinguishable fromthe original to an

application. A res formc nd, voi ds the correspondi ng. form NPTO013-SG
25 instance and °&“ﬁ"°’i§ﬁ8ﬁ%‘é§“*‘éﬁ"éé‘t“f’%resﬁ'f‘%tht%’ﬁ"“ G BEEPREY PBSF thitenst ance
with field deeimgbsThelitatus af aiieeimenhingiestes fieprpuiptished 1 tnd svhenotwvianit s deivrodsnditopr i nt ed
report on t¥emsidahds vad sulstyBenbOtbmesPRRtkkg forminstance, includi ng who

publ i ShQQ I, thrﬁe hettpa mp&ldﬂécﬁg’allgvgrthe\’m% b&}g%@ﬁlﬁ'ﬂeﬂa&ty gubﬁﬂgong pn% form

st at us of the forminstance, Since I ns e contains a
transact i o5 °‘t[ﬁn dSppIT ?:"af‘tt?“ﬁﬂveﬁhaaé’sefﬁ“ﬁgt*?ﬁt?&e\?wﬂf 700 %"“B"r’o’ﬁ‘i?c‘? PG a new

f or m i nst arpeéspealtolyingag pperaiot The siefafrgcamlonm he figiaddécpeantantrentd ige tineere provee
‘typical ly igdn@ngathethednt e, by 8lishdr stkhe usr Fiditle bl tRIPPELRs” g&nmad produces a

printed copy of tiéefalk SRR i RAGF %tmumem%pntt B8 u0RSKALqERd 11 e d
val ue p[% served. |f u&‘ge contal ns a formor s o3 fornt then the

dupl i ca dﬁﬁéﬂdﬂ’é&sﬁ’ﬁﬁ'ﬁ&q THRIEFBTEE & &k dupl | cat e form commnd A reset
page comarkl proderssNALZERRUBHCATdNMOpRE of the 10 corresponding page instance -

wi th the backgrounée ffbiﬁivxﬁig &'s@clnbl‘%n AeSCRNERMs ol danohibife pm%nc&%ﬁl t@%ln@m{eor m or
is part

personalization mechanisms in the netpage system. Although news is often used in the limited sense of
newspaper and newsmagazine news, the intended scope in the present context is wider.
35 In the netpage system, the editorial content and the advertising content of a news publication are
- personalized using different mechanisms. The editorial content is personalized according to the reader’s
explicitly stated and implicitly captured interest profile. The advertising content is personalized according to
the reader’s locality and demographic.
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of a form then the reset page command is interpreted as a reset form
command. A get page status command produces a printed report on the status
of the correspondi ng page instance, including who published it, when it

was printed, for whomit was printed, and the status of any forns it
contains or is part of. The netpage |ogg which appears on every netpage is
usually associated with a duplicate page 15 elenent. \Wen a page instance
is duplicated with field val ues preserved, field values are printed in
their native form i.e. a checkmark appears as a standard checkmark
graphic, an&% ext EepjreaPersenauzaoeset text. Only drawings and signatures

appeﬁr int Sﬂe| I Ol sGHsdBdr czich::amon Wotkkhd@of %bv@%oys; fﬁos@ﬁ&fh@né}%% u]ﬂyamﬁls %d?ndar d
graphic i n SHEE SRS ] Eyer e et
oﬁé"’%t 8y §1¥é %hﬂ tbru Kons aFe ager ﬁ? %dét%igaﬁ e H%HSE?S

docunent command produce print %gat Jtent

i nst ance WS‘Eeﬁm‘baé‘fc%@'?g&ﬁﬁﬁher P’é*} ’éf“”é/ﬁ‘lblﬁéfs °fp‘}yé§EﬁF'9‘W ﬂew#ag&fﬁséormﬂpmmﬂ%so nt ai ns
any fornms® sl tévespedpd irdiitrel EOPAPER Al neCsoEpARiRE wiilekisCiBtRS cah Bemig s i N t he
sane way a qued: ke Gods QiR IRNGAOR oo eé@%@%ﬁé@?&%hﬁ%?&m% o oduces
a printed copy, of ede]rs%orer_eslpondl ng docurreni I nstance wt ackgr ound field
val ues di scarded ™ ks> Hcument contains any forms, then the reset
docurent command i”t?@%ﬁaée Rubfisatiprosentas suppprty thepublisetion faditedneyemiblicatig af vl mtgomand
does. A get agiveuime hulGiebwuSraaBRRGIRY RdeQsioRanp Bdn&ttﬁ%nﬁ@ﬂ@&ﬁncv@&mme st at us
of the mprcRSBARLING KOCHTRR Lk ShAA e RN NQRUBLhERETL {,  when
it was prln%ﬂeft ador whomit was prlntedaPc nd 1 status of any orms it
cont ai ns f'rf'u page server command' s "on sel ected" attribute is set, then
t he command oper afhesubesrber Wads dejle nevismeenbyi stlpatink obyor ke cqp@ititisg rews puigindtions.e| ect i on
rat her thanamrreithe: PAGAIZQQEi@I PaBYTHe E&ltﬁ@ﬁﬁrﬁmms'&bh&t@hﬂd@&ﬁd t@getﬂé% Ba 30 of
page server mgg‘}}m&gé ’Ithcovap&]s B%rﬂbm &q oulegolt} tpp(’:[‘ca theB-%gfe ren ggr%sts and tastersst ain a

age ser r el ement page server comran , then
page serier commnd

t he command “"Lé‘aﬂyp*r‘icaﬁ"dbﬁ“i’@WFSB’FI“ZE’ e"br oVi de appl i cati on-specific
handl i ng by embedBr pigh Rublisation [the weadst opticuglty sgers w@rific edMYESate @btenBpkar dily,a

hyper.| i nkedwijk @tifis apfdaCwedidg) @reSRilVsdtiond Gall RIS ThdRew WRETiInls KB $§AEkpL.ed Wi th
the hyper| ln@%@ dPagar &:lé @lu.g atﬂ%kal’l ngtgncixgonglc l‘lbﬁln?qgl”t Eumél%eh.m‘ts/l? {m\%ﬁ Bﬁﬁcﬁmgﬁd 35 A

page server nd el ement 'set .

hi dden comﬁﬂas""rgl ér'PFéﬁP aﬁFH‘ﬁ’? S???J’E‘S‘ﬁsa?Féw%i’ﬁpF‘Wﬁﬂ‘t“’aztﬁﬁ’éde(ﬁ%ﬁ“ #bsgage and so cannot
be acti &t ed di r eB Feydetyym artenig@rdailylntwsgagan by @@ \EIom sectirds, &l dnv abvditk k@ a page
server COﬂTTﬁ:ﬂmde estrtaeil dgehms. NCudto IsEchi&l Gfph ’Qeag@ateﬁﬂf:r &Qﬂt an@%ﬁdss LY ELmGMand

has its "on. tribu . STANDARD FEATURES OF
NETPAGES | n' t ?fg'laﬁf %r?oglrn?nztg Forr ée%s G sﬁemﬁi\# ééjseftss p(t;l'pﬁ‘f’%d with the netpage :

| ogo at the bott offf P Srefitti ‘E%{‘Eaé“ ?H*I&lanysl’emﬂ?ssts deersifepagiativhide s et ofdimeorhas
i nt eract i velog), gpemtricallg (.. Ehelinkiog @s @h0ofpedks, afiSheale & PyopdtidntoDddvertkif, EB&t Cases

pressi N@5t haailtags @, Qgﬂfo%l ﬁw%&)’o&ﬁm&&ﬁy(ﬁ’@gﬁ eréeﬁ'ragteﬁe case of a form the
button produces a,copy | case of a secure

docunent, such as a tlc So?p%one“y e’égmsesap’etfeﬁe@“g‘]ﬁtafaf?ﬁmﬁ’l"ﬁ(‘?f@%ﬁe’é‘*ﬁm@“ﬁf*éﬁi’&t ory
note or ad¥BPT Pfé‘i“%a‘%ﬁ@’éa“hw1ﬂéﬂP1§’l]‘I“tf‘m§Fﬂ@l‘—'c@mp@g@r@m@yﬂgﬁwv fuomert s handl ed
di rectly byrdfhacy el evant net page page server. Special copy functions are -

handl ed by |'i nki g.¢ ) a&ibl@mingrpbe b)d&c;l @Pedﬁt&) iﬁ@:ﬁ@gp\lrehﬁgsttd IQala:h the expected sophistication

30  of the reader, for example to provide children’s and adults versions. The appropriate version is selected

according to the reader’s age. The reader can specify a “reading age” which takes precedence over their
biological age.

The articles which make up each section are selected and prioritized by the editors, and each is
assigned a useful lifetime. By default they are delivered to all relevant subscribers, in priority order, subject to

35  space constraints in the subscribers’ editions.

In sections where it is appropriate, the reader may optionally enable collaborative filtering. This is
then applied to articles which have a sufficiently long lifetime. Each article which qualifies for collaborative
filtering is printed with rating buttons at the end of the article. The buttons can provide an easy choice (e.g.

“liked” and “disliked”}, making it more likely that readers will bother to rate the article.
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1.9 USER HELP SYSTEM 10 In a preferred enbodi nent, the netpage printer has
a single button | abelled "Hel p". Wen pressed it elicits a single page of
information, including: status of printer connection status of printer
consunabl es top-1evel help nmenu 15 docunent function nmenu top-I|evel

net page network directory The help Menu,.pr ovides a hierarchical manual on
how to use the netpage system The docinent function menu incl udes the
followi ng functions: print a copy of a docunment 20 print a clean copy of
a form print the status of a docunent A docunent function is initiated by
si nply pressing thgcldsutith chizh ariditiés hved) sho Uetrhen gre aitfopagetiely dhgereddaeattsrent . The

stat us of amd&@tummmirsraﬁuace%telﬁz&ea\mﬁosn&iahli:&tk%eét and when, t0 whom it was
delivered, and to

ubse d as a form
25 The net pre:l%e net ema‘%r (3)% gt%empesas?rg‘\#\é\lgwsf 18" ﬁ'tseer '%%ﬁﬁga 3833 PhEPHTer ar chy
of publ i cat MBn¥ "apEcaibs ér}\ﬁhé%@d%‘ﬁ fﬂcﬁé“’Y'F@ttWWh"]MEdaf?r ”&Fchlé'rqﬂ@ztglcvl’ebomﬂﬂqe user
can cal |l & hélterimt paige faaet mbeskit GO Gkelyraanibe EorrdsydbihgOMetRDGR $e filladRthspRak t 0 a

human oper atkise J;pﬁltw&@ﬁéénpsereﬁaﬁy fmcar.s‘essetﬁﬁed@o%h&&%aggﬁmm and route it
to the user's prip ubllsher or

the user pays the 5% of alse y’g‘f"fagw’%’ﬁﬁé‘?m %féﬁﬂ‘lﬁré“t‘l’eé‘é’mxghﬁﬂ‘i’éla‘ﬁ HARydfgss
ObVI ousl y uharrisiteydsiismediby the ¢diorpr i nter is unable to print. In this case the
“error" light 30Th speddiof tharBderts M@mbtSRihec BIFEE HEIQSTy /i iR BicaAGo@SIesd.OvVer the

notvor k102 FERSENALLAERELEL LCATLON, AEPEh) 2 oLiF ok bt A AgREI B! O

news is usedf as canon| %’E‘ lin% |'icat]on exa

personal i zaf "Baﬁesrlﬁé'&tﬁe& P est“ﬁ%""r‘?@’t"ﬁ?f@ﬁ"‘?ﬂ/%‘?]’&ﬂ ent P%E@*“W‘Wgéeatﬁf ten
used i n thecprsipd sense of newspaper and newsnagazi ne news, the intended
scope in the presan g@antverthe iddeWsid@ifes he¥Dqubufftids, hﬁteﬂatn&%@ rrﬁr)éﬁltyevﬂﬂxes e

editorial CQ&L&&‘%@MW&Q&C@%@&&%} %}u{agre gn%&?ﬁ)p:tnet Cff atlgzal%%fzoneg}il mef Qng are

personal_[lszed usli ng orial con

per sonal Pz et ECEETH aﬁ@%""f"ﬁ’é"’"’l‘“’é&ﬂéi““g of ISy rapedation °§/a“§‘t**‘&?‘é3‘e%iﬁﬁfmie‘ﬁﬁ|a‘ieci tly
captured i nﬂeeveéﬁ*tm'mr@ﬁ¢r1wcaliﬂ7bnedeﬁd&/erti sing content is personalized
according to theroeRdetds: Q6B &yse oalej;mgﬁ a{ah\éas‘er oﬂ}dE’mﬂéec%@ aZg?oba12 1

EDI TORI AL Plﬁ-@é tazl(%%% se'%at%kl%% ETnd 1mages are sca ed ac r&li_@,’ﬁrb d rl]afs mf?rmadlelT Sver news

sources: those tha FVer news publy CAtT ORS.
streanms. WWFETREGLSIBPETat i ons are aggr egat ed and edited by the
publ i shéd, news it lemasreinaihich agys @biikttedlis @ibtidE) anld s @rd@MBngpubindosiges a0r by a

speci al i zedygeWsr &g%%&h ﬁHd notu%%repde' b:lpfeﬁ@tbly @ SserP HEWeRE, @R bbidhedl@SRENd tO

traditional rr;fgaws a ds (’%1 ma i nes il e news streans can be many
ravide au omat];c ation rvwes in vaﬂaus %uéers
and varied" roma news vice, a cartoon strip, a

freel ance V\Hter @VWP'WCW’PWWJWEBW letin

The personalization of the editorial content directly affects the advertising content, because

25  advertising is typically placed to exploit the editorial context. Travel ads, for example, are more likely to
appear in a travel section than elsewhere. The value of the editorial content to an advertiser (and therefore to
the publisher) lies in its ability to attract large numbers of readers with the right demographics.

Effective advertising is placed on the basis of locality and demographics. Locality determines
proximity to particular services, retailers etc., and particular interests and concerns associated with the local

30  community and environment. Demographics determine general interests and preoccupations as well as Hikely
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. .

35 In the netpage system, the netpage publication server computes the approximate nulti-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.

In comparison with other media, the netpage system allows the advertising space to be defined in
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board, or the reader's own e-nmail. The netpage publication server supports
the publication of edited news publications as well as the aggregation of
mul ti pl e news streans. By handling the aggregation and hence the formatting
of news streans 10 selected directly by the reader, the server is able to
pl ace advertising on pages over which it otherwi se has no editorial
control. The subscriber builds a daily Newspaper by selecting one or nore
contributing news publications, and creating a personalized version of
each. The resulting daily editions are printed and bound together into a

si ngl e news page dsail HAndalversndepienme nties & salfl separdtyUSedatdathildvg Pioda bdidyat @S S
their differerk 4Rt erests and tastes by 15 selecting different daily

publi cations and EOQexn ?’ om zj ng. t F For each publication, the reader
optional |y sel ects SHBHT o B ERTTBR SO &b WL PP BRECRIFE R rf e | e
ot hers appedith W@@R‘P&Fﬂad%eag@aﬁﬂﬂdwﬂs eesiving it agriieinenh pfeond aduertiseFlveaniibay ovrilk Ti nes
online, fdr peseafmpihegmpommfspdesoidmag@a@aesePI us", "National", "International"

" Qpi nion", "Busi n@h%%g age ﬂtgn'ﬁllllnbs li\régismg to I@%Peﬂ%lr&@ym ﬁetaﬂ?dr])goduc?ﬁgﬁnééo%au-rhe Set

of avail abl e sectjo I .catlon | t
subset. 20 ‘i’ﬂmﬂpr“ré’%ﬂ%gr I”é%ﬁ{" rﬁ‘feéﬁ‘d‘“wf& "ﬂ“a”f'ife HEHERMET by creating custom
sections, each onBeceireppibamngizagen aadigealizationye handifd aytawicalythy egas pubBysmenes.ect i ons
m ght be cr @aﬁd@iﬁtsiﬁyigg:%aﬂﬁ’ﬁjaﬂ provitid aﬂbﬁria:ﬁ)ﬂld&ad cokEHPO iR @&Eﬁp‘ﬁy arld ¢ Eﬁ%@rﬁ;ﬁﬂﬁh‘ e), Or

for moni 't(p r Isdgquarﬁ ﬁén%ﬁxgx%s Llﬁ&enﬁgc%&le I sgiuttgn%{i)c ﬁ'ﬁs ngakes it %?rg COSt-GRCCthE }Euﬁlpf'lepsgs " )

For each sect] on,. reader opt|ona fres |

qual i t at i vefqdie” ad‘é"ﬁ‘fi?gt agg‘ﬁ%tdied’i"?‘f‘ o) rd‘mc‘fyoﬁ’fjﬂ’e a%’Fmﬁ‘i‘Ern@F’l E‘ﬁiﬂ‘ )‘}“ (aF“’e’@S‘ngas a
limt on i tsgmsﬁrpb’eraiﬂ@fa ppeges i advartisingtrévenuel eblishexdnap fird (o cltaige prof heusid vegautel Si ng,
either 25 gumt ighddiciRiby 6£ag@regaliingihe fAQKIRL agg}eéhWr aBOREh, int@heARIeGAl | Y

(i.e. as 2 pRLASOLANGB Fn] SR, AL SRPRLLANELLY Syprgsses a pref erence

for a Ia{ e nunb of | onger
articles'? Each arlicted pging gty IPV""WFW f“t féPFtPG% rpulé'éﬁ“?“e‘iﬂlj by forperRles figr 1 and
long forns tlesemupipdetrutiifitiors tpdidhe cenepar, keruanteipeilietmb)adatisg Pee Wniotet €n (or
edited) in ghirhkemitionBE B faMSmp1Ski AP Gé@otfallﬂ)%s b@%&gﬁvéﬂeé QRQ‘I!!S&E hg%@éa{og Bha 30 of

the reader, fp 0 ovi stons. The
appropri at e’ J\?es?%lgé’%qlgesm(s}é) edg e tpa%ﬁs)g’gmamw?esf(’ “t OEIat‘?aeS" H‘éﬁfmmeéd'ﬁg‘m?ﬂ’@ r eader

can speci f y™droing SEpRT e a&tg‘émd\ﬁﬁP‘&‘h“taéY@é‘é‘n%ﬁ’@&éﬂ@ﬁ@@’ ippaticutelygpsrebletiirdiicogi cal
age. The20ar plicetheisonalviersiemens kiickl pen@Ac€ hinal @0duntd B io@e, Sieh &xCémad orataglly dcitiadai t | zed
by the edi tmeshsc,@mgl each is assi gned a useful lifetinme. By default they
are dellveredtog rel evan sub ers, %rlorlt order, subject to

35 space constraints Pl g R BB i eF & agg?ﬁf‘l“‘fl pEs a“ldr?x“sé'?ft CHE™MhEFe it is
appropr i at el**fRé °p & atRese sy Seriemaninply. terpatither recoidd thwdipistement of e wlevaitng.  Thi s
i's then appipkgegubli@ti@kdniec ives thahinele dofivBoerse fafsioftieRRNiskrY pdr@fifzel pb@bdoe. Each

articleaghig ckgﬂ@tlelk\faﬁt%er&s%en&ﬁénlﬂm% At idi&ve filtering is printed with rating
buttons at jhe e e articl he buttons can provide an easy choice

(e.g. "liked" anc?ER%wgf'E ked , making it nore likely that readers wll
bot her to ré&d¢é th¥°ﬁM'P'tf'l§e"'"HIPT013 SG 28 Articles with high priorities and

short lifetines amepdsharfinbmealhdmii piBilifios Nsiorlaraem@astRilslind adi ng by
t he edi torsn@lqgtogruglugﬁl ivered to nost rel evant subscribers. The reader
opt| onal .y speci fies a serendipity factor, either qualitatively (e.g. do or

don't s L?Ppl’ | se publication customizations
collaborative filtering vectors

« ' contact details
. presentation preferences
The customizafion of a publication is typically publication-specific, and so the customization
35  information is maintained by the relevant netpage publication server.
A collaborative filtering vector consists of the uset’s ratings of a number of news items. It is used
to correlate different users’ interests for the purposes of making recommendations. Although there are benefits
to maintaining a single collaborative filtering vector independently of any particular publication, there ara two

reasons Why it is more practical to maintain a separate vector for each publication: there is likely to be more
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me), or nunerically. A high serendipity factor lowers the threshold used
for matching during collaborative 5 filtering. A high factor nakes it nore
likely that the corresponding section will be filled to the reader's
specified capacity. A different serendipity factor can be specified for
different days of the week. The reader gl so optionally specifies topics of
particular interest within a section, and this nodifies the priorities
assigned by the editors. The speed of the reader's Internet connection
affects the quality at which i mges can be delivered. 10 The reader
optional |y spse fives e ywref 6sangierd © khefseWwetibliciiRg B Hativecs Mldle| of bubicRYRS OF
both. If th%nﬂ@l@fﬁhﬁﬁc&t@)ﬁs, %Zsubhcgéon 'isW§wAn§to Blgstent Esggéalsc a)(flabo&ngﬂﬁﬁ@&gl% aﬁay be

corpr ess1 o™ A B e e ve Bl <pebitre, S Bt e Mot cqu AREPE A,
dat es, ti mesmaREdhy P‘ﬁﬂwﬂwemwca&qﬂémer ocal i zed. Thi's involves specifying
whet her Uni t s ar eCinfipeiEthiR) inclfiind Ming, isteet addrds ZIRICode] JRZ DRy, ddghohd didBbefsQkdTAL ,  and

transl ati on or anpotation. Ihese préferences are derived fromthe reader's
locality by def aulFsmaHg FeeRices el (e hrg” 7 Pt psee it ae dhpie g
eyesi ght, t meintpigsdéidhe sgygvdonal |y specifies a global preference for a | arger
presentation. Bot fheti@Niationed adveBGR Selidl o tlﬁ@fﬁih@dndﬁzﬁt&ﬂﬁ ﬁlb ﬁl‘g'}slémnta&rﬂgtads Gt

I nf or mat 10) n ﬂ'fe ﬁrget@: &QM%EEG%QS&Q%Esgl%ﬁlt}ﬁrglgfggsuchggda-tl; s} b] dli status -III'ICOCII'IQ a news

publication i % pu i she ts_correspon enCo
property of PPHE ’bffﬁfaf’?f‘a"fﬂ‘ﬁlr‘fa“éiﬁ‘ﬁ“‘i‘}%‘?ssachﬁsraé?ré‘ig“eﬂ’i‘ @c"é‘f(ﬁ?géssed by t he user.
However, the net pEgehosey ssremhe ahrogeto ree frogrusl etfortnariop rf@ viddieisiad oyvms, i the

t ransl at I ON infoRhaMdnGE Maihtfinel &y ih® béﬁva%ﬂeéﬁ@ segidrafon ALERT | h§Lﬂ§ﬁelo@§&°an%éI&oQ\| AND :
F oG Rl 00ALLARL] Rbulor blIEn GO CANLSIL A LORL 2! ects the .

advertisjng conte cause ica &%t o expl oi t
the editotial conlfaé'k‘tse‘ PP RS a’é’ﬁ@“"“ﬂ’fﬂ"d“é%&ﬁifi’l"@“"“a%"éﬂgﬁﬁr“é""i“lukleqe}deltt‘éeﬂ appear
in a travel agdenstmee redraniondese whiaties the Tél@ioniipsbeweh thinh @s seehintofidug 21cNd3ent to
an adverti sg 24 0 GeglshRb0f96:8;, iﬂbhsﬁehﬁ a Bk hﬁ'ﬂﬁ‘ E})phéatlloﬁ%roﬁ&r, Hd% p@omalldntls\% to
attract |ar Q€. Oga @m%f readers with the right denographics. Effective
advertising'ts pla ce ‘the basis of locality and demographics. Locality
det erni nes  proxi If'i‘Fft yrer 80P i pe quibprizefrto we pryjngneber of pringesiSPZe pnd eqsh printer mpydllow
particulddr mhenestserandseGORCesstSasasscdeatietini dtlas) th ehithgembicat RBlcARRITUNI ty
and envi rons}emweQ@Mlarpmlg%ags’s%hﬁédrxh mmg%ﬁgélﬁémd'fﬂhe%m&&rﬁou cf?{h?&%‘fsu pati ons

as well as I%m%l mSBendi ng Bﬂatf glh , {10« % | 1 sher nost itable
product is advertising ee‘f)sarcae of which pipljs rscfl“ﬁ"éﬁ at‘f‘?f&fedé"rﬂnf“t‘?/‘he Cdffittned by

t he publ i cabPBhASRyE o Hi fﬁ"“é(ﬂ\?é‘?&@@! partiqear piintes, byffinstegdgrespless the I fliepit isi t S
reader shi p geiragr aphi cs, and thepage area available for advertising. 35 In

the net pgge Syst efent tk@r smﬁén&@% ttpmmcgtﬁﬁ !309 th% hM;ElrSO&(i) gﬁcgéon Srhv?dexastaﬂr oxi mat e

mul ti-di rren5|u%1r{1)lqledts e ﬁd tion' ng spdace on a
per-section Pasis, t a‘klona Spw ‘Ed’"‘é{?{(‘?’i) ter e ﬂeéa“IbEfB‘Fef Cht ?“l.})‘f’f'z§‘°“ ﬁ"‘ébeg‘F"él]&ﬁFt

cover age, t e iRy e s §a°lﬂ esa'd@r biy¢ gyverat pros 881, pws 2 pén inspestic oa aidey uss- I’Selsftr fison

edi tion, eashof-eaces: GrtiReaie ihitRtoriREoqehids & of RNgtreReh reader’
demographic. In CATRAND S fobe el deer b ARRAROR, SYRLAN ne%p'ag'eom the

adverti sj,n ined in
%'0 gregns‘l?ratlon server, via the%%s in the usual way.

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

The netpage system can collect, on behalf of a printer provider, fees and commissions on income

35 earned through publications printed on the provider’s printers, Such income can include advertising fees,
click-through fees, e-commerce commissions, and transaction fees, If the printer is owned by the user, then the
user is the printer provider.

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

(such as those described in the preceding paragraph); comtact details 815, including name, address and
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greater detail, and allows smaller pieces of it to be sold separately. It
therefore allows it to be sold at closer to its true value. For exanple,
the sane advertising "slot" can be sold in varying proportions to several
advertisers, wth individual readers' pages randomy receiving the
adverti senment of one advertiser or another, overall 5 preserving the
proportion of space sold to each advertiser. The netpage system all ows
advertising to be linked directly to detail ed product informtion and
online purchasing. It therefore raises the intrinsic value of the

adverti si ng pmocmBecads erepercsGng kntlddiz ipivacyadilively o@ladcilizAibi seiined by nivivad| ed

aut omat i cal loypibhed eécmsgm Q&hmnlng% Qs é.ﬁ{aééesrgﬁme a8 ﬁﬂg}bﬁ&tsigséwg nAGgLgIat or

can provide ar ar % e of aphi cs.
The "10"subBaneRiiy “a“y"]é‘bm"gé'{“’gg B 51 89y L P B S aB e P BT | o
Thi s makes Y™m7i5e Ry RepiE a0 pfofegsct | ve f or pubI i shers to deal with adverti sing
aggregatgﬁszmhan Favodtes it | y capture advertising. Even though the

adverti si ng aggr ﬁgaﬁ%rus& Sa mmlms@mf%ﬁtzg R SQJ%&QXD%&%@;GH& e BEAE,

publishers ma g rofit-neutral becau

efficiency 8% ‘bg*fe @é%ﬁa‘etﬁme el Sgéﬂf'é'i‘ tor wrrigehal B s ageptzees Aty €l 924,

i nt er medi ar y PBETskerbpdingy oievhich is dpvn imtheklapdbbesingigge 4land nmay pl ace t he sane
adverti senmerB.3i n Hilohiydte publications. 15 It is worth noting that ad

p | aceme nfo inan e'hg @ﬂ@m B‘%R nllsqa%siog/%st(b%qonbegch Wgr setﬁhag rrpntammlg hlq(a Qaudgcium 5 let(xj;1 cenent

in the publication count er par catron's
adverti si ng®SpELy ﬂi‘eé‘seffﬂrf"gh the BFPERe SR q‘fénqeﬁﬁéﬁitﬁ'@de{eﬁ@t PR ampliesi ti es of
negot i at i onsfwhish inehewn imdledasstdiagrem i Figared2er t i si ng aggregators and publishers,
the preferred formgo.flegqhmgaexypage system pr ovi des sone aut onat ed support

for these negot n t oma auction
9 i a'}]{e%r}? 8?Tﬁubpc%tlou selzrve rf[rp l‘?cglf Igyis };}ut Oteeg?agea BF eaglf uslélr st ri?‘é"“%ﬁ

advertis) I'cu

pl acemen{téqof’“ P8 1op 2RIty Seclif EE%‘F é’é??e‘l“?i‘t whvestifenicnts aAT e §°“6f°f PadomEed such as
snmal | or hi ghtingle theyale Plaedin tadagebeforesiertintgeonéince pl acenent has been :
hegotiated, the agera@aa&rgrmg ahte@isn BR4. ﬁ‘éﬂie‘te@ whe) @uaiw,@rng a&,@‘r LS

records it gn net h I sher records
the ad pl aclél%lﬁutal P‘f"&' D e STCtS'v‘an‘?&e adqoc’utgl ?‘{'}b1‘pp g%l%?(’)rh %8‘? F““"gﬁ‘i‘ﬁﬁ ° he
net page pubfEALY ‘6ﬁ°°§“e?‘?ﬁ@¥ tiqd gditgrizh ppd aé‘a’@ﬁﬂgwsléﬁrm suclpas plaeivecads Srndofingimititiglat i on,
25 it pi2fkssptdifieally eltenterpiiblicatiantbt duiss & Agiadis fednir-Onds-AgouR @t rpp@ifiepaiet. Server. 2.3
USER PROFILES 2. 3l oliMiPLifBh Ll e ihoFOPEL SORALY 5811 AR QiR and
ot her publ |t?1 |(pns rel |tes on tF fortmant of user-specific profti

i nf or mat i on" R TEPREE ©3BBABITRER on cust omi zations  col | aborati ve
filtering vectorsthe enhred’é?ﬁqsf’al’ﬁfﬁfudd*eﬁl’als(ﬂ@*mpf 398 o tha sdleotivn (of ediftwizl @prtrats mFhie

cust om zat i @utedfoncd the Upbuk B tebnDdfgedl, So hiséippt @dlinbry clpellp laénGad thOBerS R@16d febton saNd SO
the CUSUBM Zabdel The3id 2 ARLL D, A I LAIDE DY L IE hEh B YA RGP g
publicati ondaserdver oA col I'aborat i ve ? [tering vector consists ot
ratings of FHIRLE"SF news items. It is used to correlate dlfferent
users' int e?%st s ROSPMENREORMAT poses of maki ng recommendati ons. Al though there :
are benefits to o Rid@iuRbNg tail o ithg brRodedDibd eBifoor: ditthinb@onfaid pe@EdnN@rasEGtnRr '
i ndependent |y, 0f..aRy particular publication, there are two

30 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 represented in the Extensible Markup Language (XML}

35  using the Extensible Stylesheet Language (XSL). XSL provides precise control over text formatting
independently of the region info 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 in the JPEG 2000 wavelet-based compressed image format. A
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Such i nconeinga. i ncl ude advertising fees,

15

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

channel for each subset, and then taps each user-specific layout with the names of the mmulticast channels which

will carry the shared content used by that layout, The server then pointcasts each user’s layouts to that user’s

printer via the appropriate page server, and when the pointcasting is complete, multicasts the shared content on

the specified channels. After receiving its pointcast, each page server and printer subscribes to the muiticast

20

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,

Once a printer has received all the objects to which its page layouts refer, the printer re-creates the
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click-through fees, e-comerce conm ssions, and transaction fees. If the
printer is owed by the user, then the wuser is the printer provider. Each
user al so has a net page account 820 which is used to accumul ate

m cro-debits and credits (such as those described in the preceding

par agr aph); contact details 815, |nclqung nane, address and '.. NPT013-SG
31 tel ephone nunbers; gl obal preferences 816, including privacy, delivery
and | ocalization settings; any nunber of bionetric records 817, containing
the user's encoded signature 818, fingerprint 819 etc; a handmmiting node
819 autonathm&hb%mﬂuvm&ahne&mhywmhﬁmawsten1 and SET paynent card accounts

821 with which e- Uzcaemmeummmz n@%g&qgmahh%cﬁb&emeémsm& aLi st A
net page user "

et o2 ol ARt R0 wih Teed T apuoeie o st G ot DS TESPHG e
system on t Fereirg bqld ig emwill?ﬂ such pagpsdn rigie] FME mymory allviving far tepppraputfeseider s 924,
a pref er r& edheaptiine giintsRand rat© bf ondYagelped sSeoRiTHMIs dgivaleht@ DbKESS avdit8YbiddTpdghdalal gur e

41. 2 3.3 HFe? Ee%ny wl-u’:h%g: sm%rlQr tc;r th:ﬁug%éétsegxﬁmdm & Ba%é (Hé dé?ivéal o%g‘r QngadJaahdgr;etwgrg 9 on each

user's behalf, coptainin Ks to docunent .~ accessed user
t hrough the net pag& &§&t° g"r’f?“‘ Pcupsances fefife ?‘?ﬂl‘h%@’mﬁr s e T E PRt @B%Vl the g
preferred enpoul rere to aiplenighitielpaes sugiiobeferd the e’ scl0@imge idterad) stamacicepad®y gur e 42.
2.4 | NTELL| &dN&edPAGE LAYOUT The net page publication server automatically
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The netpage formatting server makes standard netpage behavior, including interactivity and
persistence, available on any Internet document, no matter what its origin and format. It hides knowledge of
different document formats from both the netpage printer and the netpage page server, and hides knowledge of
30  the netpage system from Web servers.
3 SECURITY
3.1 CRYPTOGRAPHY
Cryptography is used to protect sensitive imformation, both in storage and in transit, and to
authenticate parties to a transaction. There are two classes of cryptography in widespread use: secret-key
35  cryptography and public-key cryptography. The netpage network uses both classes of cryptography.
Secret-key cryptography, also referred to as symmetric cryptography, uses the same key to encrypt
and decrypt a message. Two parties wishing to exchange messages must first arrange to securely exchange the
secret key.
Public-key cryptography, also referred to as asymmetric cryptography, uses two encryption keys.
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graphi cs, and pieces of text. A text object contains fully-formatted text
represented in the Extensible Markup Language (XM.) 35 using the

Ext ensi bl e Styl esheet 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 providgd by the layout The text object
cont ai ns enbedded | anguage codes to enable automatic translation, and
enbedded hyphenation hints to aid with paragraph formatting. An inmage
obj ect encodes an imge in the JPEG 2000 wavel et - based conpressed i nage
format. A MNRTFEUGySErERemagplypivted inGish e oty tenaptessandpedusapht tey kan oficzl abl e
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st or age. Tam1(ﬁr03thelmﬁ£tm%gén§¥&hgke ects Layout Attrlbute Format of obj ect
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I
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XML( XSL  Hy peseiajkpmen iaghyd 2 presaee angypsp preqrptiths hash ysing thq reivate kisj. Adyeke Tapithen Wobfafhitng  Zone
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g At ol B

network, a yser-Speci f arated Tromthe share jects
to which it " SEF lsa Ser‘} ty'?gﬁﬁ%gﬁ’r‘qef)@ﬁ’e‘ﬁfﬂ ?E}}%L‘f“’lsiﬁ*i‘? °?“s"e?fét§’&9ha‘t%° e ‘S

di stri but edgenltl%endﬁ@t@a@etbmabfrereéattrw@h server allocates, wth the help of
t he net page | D serovke hulljc-idy diyptogbily Wbk, fiRfe o6 Be PRGQo HRAGR plks kI ioh

docunent, a?@erﬁso%y%&hon JHHSSL %H&ﬁ]y dgxé uI pgeceﬁiﬁga%ég fnd CQI‘HR%{E g&oﬁhe? %\t oegliicagpt imzed

subsets of the shared content and creates a mu
1% uthority 1s a trusted third party which authenticates the connection between a public key and someone’s

identity. The certificate authority verifies the person’s identity by examining identity documents, and then
creates and signs a digital certificate containing the person’s identity details and public key. Anyone who trusts
the certificate authority can use the public key in the certificate with a high degree of certainty that it is
genuine. They just have to verify that the certificate has ndeed been signed by the certificate authority, whose
20  public key is well-known.
In most transaction environments, public-key cryptography is only used to create digital signatures
and to securely exchange secret session keys. Secret-key cryptography is used for all other purposes.
In the following discussion, when reference is made to the secure transmission of information
between a netpage printer and a server, what actually happens is that the printer obtains the server’s certificate,
25  authenticates it with reference to the certificate authority, uses the public key-exchange key in the certificate to
exchange a secret session key with the server, and then uses the secret session key to encrypt the message data.
A session key, by definition, can have an arbitrarily short lifetime.
3.2 NETPAGE PRINTER SECURITY
Each netpage printer is assigned a pair of unique identifiers at time of manufacture which are
30  stored in read-only memory in the printer and in the netpage registration server database. The first ID 62 is
public and uniquely identifies the printer on the netpage network. The second 1D is secret and is used when the
printer is first registered on the network.
When the printer connects to the netpage network for the first time after installation, it creates a
signature public/private key pair. It transmits the secret 1D and the public key securely to the netpage
35  registration server. The server compares the secret ID against the printer’s secret 1D recorded in its database,
and accepts the registration if the 1Ds match. It then creates and signs a certificate containing the printer’s
public ID} and public signature key, and stores the certificate in the registration database.
The netpage registration server acts as a certificate authority for netpage printers, since it has

access 1o secret information allowing it to verify printer identity.
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channel for each subset, and then tags each user-specific layout with the
names of the nulticast channels which wll carry the shared content used
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user's printer via the appropriate page server, and when the pointcasting
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server therefore Ab{sgepr: feey ¢ nirebesyd briage nrigtery ensttagrintgr gin “knewhaumbes ofst s .

When a clS t ppalA meupdd@imi@ks ¥ieGUEISESial Sradi® B@bed@ Qighl wikndvér MROWhinQ&GH 63he t he
Server re- Mpkgek mtaspen mepnagra;eeég@s%ql ' hg r%n@fryeeqchggé &6 key%@m%ﬁﬁggment s

printed, a I’IF% can tge I'icate at any tine retrieving
its 15 pag& Ty BeEL™dn Re e f%ﬁ%wwﬁa”r%ﬂdéwﬂ%apaaa@%eéﬁ*%fry Digitaly
ON- DEMAND DOCSNEAITSstififfed fin the chaast page docunent is requested on denmand, it can
be personali zed aNﬁEnd&-lasj a\/se;El@d:eyif&e%&bﬁﬂhnterhh@mﬁaﬁ@xema%nﬁ%&l]ﬁamrphﬂgistﬁr@ela

Hovever ,205i Q&R Ly RE s,er% fen g&oéga&&éa o] phﬁa{&m hageea'largve%%m!\?\%mmasac% £8&kY to the

requesting printer w e use o0 en a non- net page
docunent i s Vet e TR ST b HEREETR | zed, and it is

delivered via a Vespmatwevitkpirgpggpda friorentat pan ﬂ@p&@ﬂf\i’l@pvemtcdn theyghorawt s it as
a net page dagl I]]ﬂilﬂff donAkrld® tARGRy, fneH’ tﬂ%ﬁﬁt&r REermifdd wHRHer il iSsupboe PR Qﬁo@lthdp&s’f‘l@nce of a

net page. Publyal kol Kk b6 BEHPAYS.! i Lol S8 Y S\ AU L DG O

various J.nt ernet ) ncl udi abl e Docunent

For mat ( DFTmé%ﬂ°"f49fp°§? fudepsn’t rbﬁ‘r*kwfeﬁ%@t?&g@ PRRfFEREjion Pf°FFd‘ETﬁ5 the gréngsT gt HTIVL,
it can makemwsido khw thi penltheg lit@grecs wittothaxten ®rignor® it ukid th pen et piackd freegbar@fe duo atpr esent
Wb pages inm@nﬂbhlt%atéa%béﬁamtfoﬁbmm with a table of contents. It can

aut omat i cal | y I nCI %on% Lc ID en con JnI:% g?e%ret&#—e‘x@hbn%%k tk@ﬁexﬁh%%uﬁﬁgffl ﬁg‘ge

)

The user can tune t avi or v
server make¥°srytid éPrtEF "ﬁféﬂtgbﬁ%a%f?a’v détﬁbaseuaﬁmeamlqﬁbfacrum @F‘aﬁc‘f’ﬂ‘%‘ﬁ"l"?’ the A
per si st Sfic etrananitaits| pariDeo thapriateryand he BinketanschOCbPENID, to MOnetilk: tegiktraivda adrvet. & Or i gi N

and format . selvbr ghieheSa Jé@i@ﬁ/\ie?@g@le ﬁinter 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 steres the session key internally, indexed by the printer ID.
35 Although a fake pen can fmpersonate 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 user and pen

registration forms, to register 2 new user to which the new pen is automatically linked, or to add a new pen to
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di fferent docunent formats from both the netpage printer and the netpage
page server, and hides know edge of 30 the netpage system from Wb
servers. 3 SECURITY 3.1 CRYPTOGRAPHY Cryptography is used to protect
sensitive information, both in storage and in transit, and to authenticate
parties to a transaction. There are two cl asses of cryptography in

wi despread use: secret-key 35 cryptogr¥iphy and public-key cryptography.
The net page network uses both classes of cryptography. Secret-key
cryptography, also referred to as synmetric cryptography, uses the sane key
to encrypt pRgingdee’ ypt a rressage Two parties wishing to exchange nmessages
must first arrangeht se ik exchan the set-cr t.ke Publllg ﬂ%

crypt ography, al so réf ”e‘sfesrséme o asera§’§/ Ty f:m’gﬂ/‘b Sa %h’ff VeSS .
encrypti on RejeintsingprEn 3-SG 34 The two keys are mathenmatically related in
such a way Bhat asscursmsgagsTsencrypted usi ng one key can only be decrypted
using the; ot her k%m&alyak sahae%laaxéy gﬁecarb@aamnnpéuweﬁ&mmwuﬁmthﬁ ot her

is kept private E Iy key to encrypt any nessage | ntended
for the hol BEFEZFE e 1514 trdpeo v Wﬂ@% o ﬁﬂlr"ﬂ?bi“’esa O Ry g Mot key, a
message can surhinputhpazed dbe nppiisieoindisstierity autharity fo piing eteomagke . its Geftifieatet whish feritteres can
securel y exahangamamssages 5 without first having to exchange a secret key.

To ensure that t h'ﬁ)e p‘@&éﬁﬁ{ﬂ@ p%ﬁg lpz%cesss%eg Tt ’altebl F%lth@ﬁﬂ]%l in's Elﬁédh‘glat%nnﬂ der of

the privagte key to generate cryptography can be
used to e‘a"ﬁ‘%"sa?fﬂfdfgf AP Pasre °°nt’*f*h§““}‘ﬁi')‘1“%¥érwa‘6‘fml‘ H@“’ﬁr?}k‘fat"@m%&y’ €an
creat e a knpriunted s Hithgfmagicerasd dyeld amicevinregys’ evaermyp treglolfrereniasidnedus pugpcd 4ne
private key inteAenEectmih thli@RnbB ek ot achibd€byedkhgipbaflnbiat KNSt i t ut es
|to he sl gnat ggemg{shge#ea DRhASE agvzteénh?in RLd ltvlﬁno?ws‘&@zlgheﬁ D ORE %Iw stdQOftthltl ¢ key
and verifyi PFée’f‘}‘}é“‘ﬁ%Yg'FP é@aﬁeﬁﬂpwf‘ﬁ’ém‘?%%e I f t he si gnat ure is appended
to the nssage, thenofskrer i@t entot lokopichaingieBiige nmag cpg mdynisb osdibddhat t he
TeSSage | S SRR ANl s o 5;1@% op@s@e_aa;eem@;ea transit. To make

Eg;)lsl \(;\/nlkgﬁ c L%’gbgnrm'aep (P %I‘lruﬁl\e,@s are tyénfc le I%ener as part 4] -commerre%/trans tlons SFEIJ Ich%cr%foQUbl i ¢

iI'STTs nhorna one u
certifi cat e&<luf e our hetpeagh eh‘ﬁ‘t!tahﬁ??t}“fq Wign thpusprarpeisiereq! g‘a‘t‘e@c “&f‘S‘“a&EPt ¥ttty is a
trusted thi ned:agamgmatmhﬁrehasamdmmtsmh% t he connecti on between a public key

and somggne' s ldemaltpsésemsawamcaegesu&»ef ek %oc@:%h%'r&bﬁwﬁf%ﬁﬂ i Sts tahemn%r@on S

identity by exa ocu ns a

i ort al *cer FRFIELR P wet TGP BB st 95 e ot P BRa 1ot 1 ¢
key. Anyonedagsnt pdstegre ﬁ%‘e’e@eﬁ’)ﬁlafel dlatried aerdaietonsy wapreved abeirhrsedisipn| tyc key in
the certifi afirenivi tidigest. Risglre degh@evdaficatarpbntatby dvaiaded ivith bsl-ingetdikna. They

just have tenyaﬁdnwmé Raly &haygoeﬁsﬂptesem%ﬁammkaﬂam been si gned by the
certifi e auth Of,]

own. nos
transact4on envi r'ofit r%%lﬁt“%“*?e Wﬁﬂa’g Eé‘i‘? “??’F’SPB?%@“P%%W“F@“ ao‘i‘?lpS?gTin‘eﬁ”sf 5h‘i¥r eate
di gital si g#arbuprevdde a sigeficpns °*§eemoeﬁsyﬂl EreehiaPrjee dopnent verifestiag pepiicytady ysing a
Secret - key @fifiqaiod génaabltes £ adtS@Evel @lscoml) wiis QY nepidd, PRSEEI ndt Brtite}@mbudt loOW NQ
di scussion, pwhen reference is made to the secure transm ssion of
i nformati on, bet ween. a netpage printer and a server, what actually happens
is that the>print"&NGH® éﬁ“ﬂ@ the server's certificate, 25 authenticates it
with refdrence tortihectmpgrsysieni fomms ebuititdthp piets yre delises rdlifdy tp fohsi bendke yndasec hange
key in the ﬁk&fs{cﬂﬂ;’ hrﬂﬁ/tet&mﬁl@page page servers. It is therefore impossible for recipients to repudiate delivery.

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

the payee to repudiate.
4 ELECTRONIC COMMERCE MODEL
35 a1 SECURE ELECTRONIC TRANSAGTION {SET)
The netpage system uses the Secure Electronic Transaction (SET) system as one of its payment
systems. SET, having been developed by MasterCard and Visa, is organized around payment cards, and this is
refiected in the terminology. However, much of the system is independent of the type of accounts being used.

In SET, cardholders and merchants register with a certificate authority and are issued with
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exchange a secret session key with the server, and then uses the secret
session key to encrypt the nessage data. A session key, by definition, can
have an arbitrarily short lifetime. 3.2 NETPAGE PRI NTER SECURI TY Each

net page printer is assigned a pair of unique identifiers at tine of

manuf acture which are 30 stored in read-only nenory in the printer and in
t he net page registration server databas®. The first ID 62 is public and
uniquely identifies the printer on the netpage network. The second ID is
secret and is used when the printer is first registered on the network.
Wien the prifdgl. CORRNESHS: pmc slgﬁur@%p@a%em&mh&mﬁeg Derafddbitegltafl af ter

installation, it creates a nat ur e private key It transmts
the secret H‘i‘j“léﬁ'ﬂ‘ therfard jeie o &PP‘i? te’saé‘&YngeF?m[’rﬁ“‘"tt ﬁ@g’ﬁ@tﬁ"ﬂ&‘é"’éls "‘"gglceraéqﬁ’i“éfsr ation
server. Theapwpratr Cadiniay ad mepvhants glore aheir| iBpatiyairngte sighpturpkeyntearelysonstisitr et | D
recorded i N cinipfiers] BudR @i Gaymaud froddds, AR oSrtifidaes dfefigd 3 dnddallyOithdnficait be.eram afmat ch. |t

t hen creaf earﬁa@r’%d%th&h&@&%gokhq%eep )?r%ﬂtgﬁé»ﬂ} ng the printer's public ID

and public signature st ores e certificate in the registration
dat abase. The net PFgk* l"@die‘s‘ief‘"afdf’%“ﬁ‘ ety Blyghetaese gardhgldgr apafnepance ff &8 dhor ity
f or net page cquificates @rcensidegrid gdensome. frggm scutiore 9Bick rping® cardivlddr dyomdreettificss @lal owl ng

it to veri fyen@;rahcngneiheEz@tﬁa&ehtc&ssv%’;mslv&ﬂﬁ&%mm\é&mu@esyser subscribes to a
publication,,a reggr 'g} Lreated in the netpage registration server

dat abase autﬁorl zing e publisher to print the publication to the user's
default inter ot %tﬁé"cﬁysﬁﬂé’éf AP RERYation ERYEIAGSS 46 EUHEPTIeSERIES 1% (& W5r i nt er
Via a page smihuidy)in SETagekenessediotso a particul ar user and i s signed by the

publ i sher usi ng th@na,uQJ shsRi Qs ﬁonta{ntsmuﬁle;ﬁeagr&@w{ﬁa KB¥rize ﬁﬁaﬁ%@@BéﬁEever
verifies, tather eﬁr t.i on sauthorlzed

to deliver PR&BUBITERT or?b"’metf"hemzb |"#e “’&Hme E‘é\gFm'mﬂ'rI%‘E' gﬁgg%msn%‘r’a%"?g Plerifies
the signat mﬂmq miggsuiehe fingerpying bigmetic "sm ﬁfj’B’F psed qxévlngtﬁaméﬁ squfopif thpeen,

publ i shet8 sagept ifd BgtreosToe @b dfMdiotse tsaDingtadfatsi m@apndabfalpasanerid he deet page
registrati oght@%%ggspéggﬁggﬁmgequest S to add printi ng aut hori zations to the

dat abase, s thaos uest initjated en reqgistered to
the pri nter gﬂﬁ% TE E]fq\Fg \Pa’ﬁﬁlbsh‘s ﬁ’erfgbsé“@@e Sé’rf FPelS B ied a
uni que i dean"PPieéqgls@PﬂntSFfr‘PE Thif is fanpin £ erstralipdenVirime: ﬂ’rgxaswlm@é‘ W’i’?ferﬂﬁélﬁme“@nl y
Menory in tbebspepuaiitind dmd he a8l oy Rediif @i veifkd Th-ORmand iy aputithadad@m theThe pen

ID 61 u rQCﬂ u %kléﬁaﬁoq @Mbﬁsg 'hf?léd tt'a Bl@ user@%or@ Fl”hetLQé?‘s &%Q&g g a]ELer%an!§ cap&e@ﬁa ﬂ@&e pen

can "know' a hunb an "kn a nunber
of 15 pens®‘K rff&rﬁ Tébmﬁd@gfré?sﬁt‘?rﬁ’“ﬁ“b}s|°‘ﬁ‘lp§‘i"d \?‘?déh"ées?@’élpﬂ"awléﬁﬁfé Ay si gnal
whenever i t andgertifichtt) prn stpredhig dheolfitabiadq.cThe yyei ngagment @d geormatipely agneorydy gimtedke ar e
regi st er ed, ndpa@Yeghi€:Gohlséivet SouIXEORADE o0 She@rbr' KRS in ad)BEN Lyt Habbtigne N
transmts d' 9' tal wl 0% b8 SRR dpﬂie%e, m&lé%f g'cgﬁﬁ&eéla ghﬂlleﬂn 163 BYEYRNGT YPt ed

using t ropriate session : g transmtted in the
cl ear. PF %e6f“8§°r§ t?é’é‘%‘i’réﬁ‘“ﬂ% D ERFE PR Rt P 1P %/Bé‘mti‘%dd%ié’ed by
printer | D, themtbag rqgwtratitnasrves Forsawer gerifi@ Ge Siemegic gith ieeset b dre venidantifieperheiptn knows,

i ndexed by pgihakbh m&BQh Rishavesers dréky BRodMHinglitle BET Ryrih@RGRncapaci ty for :
session keys., anﬂcﬂﬂmén% get a session key on a |east-recently-used basis
if necessary. Wen a pen conmes within range of a printer, the pen and :
pl’l nt er di scover W é%@rsys[eﬁ Wquwl@aﬂfor micro-payments, to allow the user to be conveniently

30 charged for printing low-cost documents on demand and for copying copyright documents, and possibly also
to allow the user {o be reimbursed for expenses incurred in printing advertising material, The latter depends on
the level of subsidy already provided to the user.

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

35  the standard payment mechanism.

The network account can be extended to aggregate subscription fees for periodicals, which would
also otherwise be presented to the user in the form of individual statements.
4.4 TRANSACTIONS

When a user requests a netpage in & particular application context, the application is able to embed

NPT013-SG




other. If they don't know each other, then the printer determ nes whether
it is supposed to know the pen. This mght be, for exanple, because the
pen belongs to a user who is registered to use the printer. If the printer
is 25 nmeant to know the pen but doesn't, then it initiates the automatic
pen registration procedure. If the printer isn't neant to know t he pen,
then it agrees with the pen to ignore i¥® until the pen is placed in a
charging cup, at which tinme it initiates the registration procedure. In
addition to its public ID, the pen contains a secret key-exchange key. The

key- eXChangﬁuskr@%c;h&ansﬁénwprsﬁﬁ%%g sﬁb&qﬁem%pﬁl%&&% p£g@§':a§ Eéh 't}Q'&ax&a@t‘Eo}(er
dat abase at trati g pen 30 transmts

its pen ID P%angﬁ‘%apﬁi %tﬁ?ﬁfher&éiﬁ’éf % ?‘f%ai‘ﬁlﬁ"%‘ip@? f%ﬁﬁ?ﬁ’ %”f‘ﬁé‘p‘l&en ID to the
net page regi st r at Vspingubpogueythrougihppageerhiglels nqeserepecifieky weres bompitintiokest ufede t he
printer anduspanmin® idéfisy, to 2l QEbHteR] Y tipkcal RSl SvdHRE adiRS Bekr® rork € Yre phhicki N
printer. g tcaalogpagéta a@%@}stvﬁmﬁ HOPY: Q. &mote%ﬁfﬁe LS RY, nGRGE YR LS. Wth the

pen s key- exuﬁ ang X nter stores € sessSion P?y |nternaII

i ndexed by ? ‘8‘°‘Bﬂe‘ﬁ e i fpaé‘h%v“‘fr? aﬁgwwedttﬁéppeﬁwy PRl S HEET GHERE grrigep he pen.
The pen stopreisdefﬁﬁ@*%alsmﬂdwnkwpmmt&mawa;edbeimdel)@etel by the printer ID 35
Al though a fake pREnGaR rdricRfdnSORAhREMRSs dnfnchfiBusPaBoluBtteSbdh alikQflt AT Ot 0COl |

only a real RO Al wilf i aﬁa/s% 63 hEnSRS Sk rzg%e&ec@amﬂ agl%gestax Lhg tafggednt er.

When a RiBVIQuUSly unreg i stered pen is ted
use unt i’ i V%t FeifiRel a‘f“a“f%ﬁhs%?age pagg ‘"’Fré"glf‘%‘i'é"r@ ags gRgistrafiqh. SBW\E’d’”“sB'éﬁ‘el s only
al | onwed to becusiapblitagonIe G esdheawid teipén/ID 61 inveh Pgiage 661Sey aligid) ishemsubmitted

regi strati Oﬂatht%%ksﬁﬁhcﬁtﬁgi ster a new user to which the new pen is
automatically Ii TOL3- SG an_exj sting
user. The pen usenllsf}ggﬂ@hcmf' "Ifm 3 Statehmfg tﬁn mdexe%? Eés%éyanghsca?ie 5t F6R° Bécause of
har dwar e pePfdf ﬁﬁmf@mﬂ@w&w}éf’w’f@e plithe giks! lﬁf‘éw ofﬂw WeISECURE DOCUMENTS 5 The
net page 19yst em sUppondrsish hantehslai depapdenfceriBatime piae tignant By Sueth csutriscket s
and COUponsappnmens N RloRATEsi A abpitlaldn taldclidAdGbeir batd dsdr bittug bRy BpilcRon-p@iser mar ks,
but w | Iu%ﬁ.do so on request from publishers who are suitably

aut hori zed. ubl i sher indicates its authority to print watermarks in
its certificate, W‘ﬁs’éthh"'t“)ﬁfém Pruiite@roduct bar cads| (BPQ) Grstlink) agiyatiensithe systip geeords

"wat er mar k" a fpiotfitadpplizgliofdsnGehels & thd seoraty nahiiesdt fradintt weesdi t her matrix in specified
"wat er n@ok” 10 e Qs s atséagacm&ﬁanﬁs\%oﬁ ]90&@&& BEESm HORER b account

mrror-lmage rk. re e dither
matrices used 353‘3%’ éﬁﬁ“”g‘{?‘wﬁ“ ‘\Q@& " tﬁﬁﬁf‘bar"%%?lwherpé"éﬁd% E?é"hér}?tg""ﬁggfsﬁﬁed to
produce an i nt erfnapriippien peovides 6an bpa evblithire! pegiesical bscebed copiertyihd sytsterg eseover |

achi eved bythd vemkwintigzntshito Gk e Bubsciied fibiliofs BERI as th Bipectll fr@GdncyloSpublicitil. ar t 0 a
wat er mar K |,p5t hatREkéUg&éDé&EH;pﬁéhéth%m’M%ﬁP | ooking at only one side of the
page, agg | ost e 1s cQ normal neans. 15 Pages of
secure

descri bed in Secdbdhglpeumendang pepipes obifthinay te desaiheicy ooy o opy resyren des@etgw$iDn
net pag](ca- AWH ot R EcHRIOR n& iR Dulsha Curk Qletﬁlﬁlﬁ Rl s&, whichis ladshaa @l dotitganarat £d as
part of e-c ser'
Dot ogr aph e coasts BRI Blhe MARL B1aE b Bl (e Rt

i nf or mat i or SR FHE ok Phage registration server, as described in Section
2. 30 A resource description may identify rights holders 920. The netpage system 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 entitics. In the
netpage system, entities such as pens, printers and servers utilise a set of defined protocols to cooperatively

35  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 dashed line. During the time an entity is active, the
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20 When presented with a secure netpage docunent, the recipient can verify
its authenticity by requesting its status in the usual way. The unique ID
of a secure docunent is only valid for the lifetine of the docunent, and
secure docunent IDs are allocated non-contiguously to prevent their

predi ction by opportunistic forgers. A secure docunent verification pen
can be devel oped with built-in feedback®on verification failure, to
support easy point-of-presentation docunent verification. 25 Cearly
neither the watermark nor the user's photograph are secure in a

cryptogr aph'hfelnﬁ@sns‘ﬁ&m ad E"@a(xble Bile nﬁll:al{seme(}}i&ogcﬁs e%nsﬁér&%é 'd&@oﬁ‘&ea&Qﬁ&e@tﬁa{r &k, casual
forgery. lli“epnesarefan A tS}\l{)gr so G b a?st cgat ?r toc 3 Ng a verification
pen, provides an agded I eve secufyl 182 \Rﬁaé“ f‘f’ §°Needed, but is still
not entirel ¥ mmﬁ‘@sFWT'OFBF‘@’éF‘iP@?TOCSLS NON- REPUDI ATI ON 30 I n the net page

system fornms subapiklsd elibpditiGed s subkptictRiliveg frerckoriehiva bl Fiput . f or s handl er s

and are gpersistepfly mﬁ{b&'&x}é&&m?&béaﬁ& Qnoﬁﬁagﬁlbﬁ%{o}( %Ecﬁuserlstednﬁoﬁ mby MR LGS or e
i npossi ble faor ate del lvery ynents made

ecl pients rce pa
hrough t he “GickEt Bty il B i S QDD ISR Vo1 or L he
payee to repbraittrigtion 4eliRnECTROMEEOEOHNEROEMMDDE urd % imi‘idu%m&a&#{@ma\" C
TRANSACTI| ONbift Sdiileys stha caned pige visyst.am uses the Secure El ectronic Transaction
(SET) system as e 9&1.:3&1&1,3(1309,;69;%@} first DU he SR bl um§!§TD shf%yéaa,gdo&gapﬁaﬁyn%oped by

Mast er Ca, and Visa, 1S organi zed aroun cards IS 1S

reflect etf i fEOFHE i sedistch meﬁa%%ﬁmf“ﬁtﬁcﬁgwesfﬁ%mgwf EifrRes lep#ndent of
the type of ssecurmpesitiefonge dsagknt’s| newlSEocatg dP dih oklokiey & cevn dppliwtico [1ReE.Sher eqgi st er

W th a cert pdbicgRbauiaub bint thy re@¥ast s@ﬁi@nuit@a‘ﬁtlb%nel/\iaﬁl&! 1t SRSk kdssapbusihd its private
certificat e§%ngt?gg;{gl ning their public signature keys. The certificate

authority ve a cardholder's registration details with the card
i ssuer as appr opr TH5PE8° S sel appligrtiongDiang it to gbtginaBigmethe gisraian WEETATY s wi t h
t he acquld erorasmondiag peolpr $0athe useGasckiial miaersiDagidwhith iy coa tespligtyorlectet! i the

respective Wpiié&tﬁ)ﬁ%rﬂygm&dﬁm@dekaﬂyp%m&?%%Ia;)ﬁh@trbn’tstk?ciﬁﬁate corrput ers. During the
paynent process, fhese certi re us aut henticate a

mer chant and 5 carGRo! I%fgons i 11!5:3.% all%ws hEHt feévﬁrt tgv %ﬁw es?a%e 10 tlf“h%epp Ay ment
gat eway. SET RETHBt© y@treg’a@éw SEHD pﬁ%’%ﬂ thgjapplipajon 18 qpd; qligs 1B deny jepeihes MG der
mai nt enanceswérikientgs.and certificates is considered burdensome. Interim

sol ut 't gr@ whi ¢ hI gﬂe ng@seﬂer%r ﬂt@LA&%&%@ pagmsmgc% msla&dlf&@fm e Pige ‘ﬁsmp%&rsver 4a gd
give the car er SuUGCess.
der pavvenT e it PRECRER s QR Rl e Sl Rl e P P00 By et s
as a proxy B#R® he net page user (|.e. the cardholder) in SET paynent
transacti ons. Thel naiqdong e Sy Blatkidatdd SRS IR kARt fdr aubudfdiaat | cat e t he user
anddaut hori ze SEToaaamergaLém %Q@M&ﬁm o RemS x&&%msﬁ&mﬂ@@ t@%&qbemt Bfaky OMetTicCc
used is e_use 0 ne si con5|s -var :
bos t 1 orPhnER g B Ry RS BF SRRt PS5 S G558 LSS
desi gni ng asefwf?ﬂg@ﬁ*w %!ﬂ“%seﬁ%l?ﬂgq qus i @rintrmsymoniton the prptapsisl uiticast ghapviely ey cost .
The type oOf rcbivemei Fey@redl Golteht OB)cy. Erbyf REthen oo @R he pofioutlf foinkth® BRinichC, NOt
the author gh%%és%saaﬁm%espaé%fsergej&em %«ydsctoﬁﬂéte documents to their databases, and it allows the

printers to print the docwments.

30 52 HYPERLINK ACTIVATION PROTOCOL

A preferred embodiment of a hyperlink activation protocol is shown in Figure 45.

When a user clicks on a netpage with a netpage pen, the pen cormmunicates the click to the nearest
netpage printer 601. The click identifies the page and a location on the page. The printer already knows the 1D
61 of the pen from the pen connection protocol.

35 The printer determines, via the DNS, the network address of the page server 10a handling the
particular page ID 50. The address may already be in its cache if the user has recently interacted with the same
page. The printer then forwards the pen ID, its own printer ID 62, the page ID and click location to the page
server.

The page server loads the page description 5 identified by the page ID and determines which input
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The first step to being able to nmake SET paynents is to register the user's
bi onmetric with the netpage registration server. This is done in a
controll ed environnent, for exanple a bank, where the bionmetric can be
captured at the same tine as the user's identity is verified. The bionetric
is captured and stored in the 20 registration database, |inked to the .
user's record. The user's photograph is#%lso optionally captured and |inked
to the record. The SET cardhol der registration process is conpleted, and
the resulting private signature key and certificate are stored in the

dat abase. Tlaﬁméﬂgﬁﬁness RaW R HickGiaid A&sﬂﬁlﬁg tﬁ@éév&ﬂnﬂu&]eﬂé@ga %&Iﬂg Qe '8%' {0 the

net page registrati eno i nf t as pr oxy
D0 Ok R ARG YR SR Gl VR 20 1 € 86 it 1R vt

bi onmetric t 6ereaitTet & haanplngiva e bne texeptipiee Tby signing a 25 netpage order
form the printer Tigeak keleyustsiRPEIIDIES to dbRin e dedspéniifiOuserad kmfbm theh@isaer | D and
the bi omegr 'sé?veldﬁt zﬁd Eh@:l auLle@s Jﬁ%?ﬁ%quﬁ ﬁﬁkrﬁ&k&éﬁésﬁﬂ 5§§1b\ﬁ1§1d1_|a Mﬁml?;%é{iu\és%sé,vg“ fies

t he blomatrlrgh . ectdto e user from
then on acts as¥ ‘ﬁlé’e r""a5§ § shopm BloFrﬁ%‘Teé'f‘ |Trli“@ )’t"?{]é“kﬁ"lmrf%f?rﬁ"ethetmf Piabfsact i on.
4.3 M CRO- PEYWERE S Fricrripfert mg@n@eme divked hypkrlidanstange PR3 CHia pASMTvér Gren sends its
M Cr 0- pay mepérsservr 1 B thedypetieqSAD, shOndpk BanueppeMmbly 30 charged for

pri nti ng | ow St rdQEuuRNbRa0l s ASURNGhoHI of QoS0 MY G My REUTEN1 S,

and poss10bl y also to allow the user penses 1 ncurred
in print aageresrt? 25 eg At Sé‘?’?fé% It thiysends the ogmeny foshe e segfr 104 Iﬁsé"“F‘@?/fé‘l thegyf

subsi dy al réf&eisentbmm deset=a 1D, thekrber witrethe. reqWiv@R paphrervar's BY and thefivstliok mquésoib-

e-comer ce, a net Yakdond GO sinds BRSHystRink SHEHDMAE @blcagﬂmgﬁ&a&p Gebver

payne nts. %%bm g %){:rg}go Jh%{g%?er aﬁ& p%tntgr% g% T er}irs?‘pa%e Setver rejacts%sréﬁge’sttﬁa}p er?‘nﬂc sett] e

any outstan ance usli ng mechani sm The

net wor k accf‘fﬂfﬁf aé%i‘ﬁ‘“’ﬂé“%f?‘taéjﬁﬁré‘ﬂapé”éfat&‘@gr egate subscription fees for ’
periodi c&l s, whi cTrewoul gege ivecliaid drownstindece prigse iMss0 rdhgnstHa @wlysliseattdn t he
formof i ndba‘éé i 08 51)@]50@%3 MR the orfiblele AONRAD! iPVen Y64, ndUm iy sén@sqhkelﬁ%es a

net page in i cation context, the appllcatlon is able to
enbed NPTO §&%&Eg§%&“&uﬁgpgnn§ereC| fic transactl on ID 55 in the page.

Subsequent i nput TRPFEREH etee E%&’gé"*‘id“sa Papjeesd trifpeetion This. o phipisawetie St pageD,  and
t he appl i catervemnindugestiiegrasiyionalld] ie the et addl oSl apmicaipp THPHlioad Be GpRutEKto f Or t he

user's izmpu;stablmshcnmpecas&m&@fo;tkerh m@uvasme whi ch is not user - speci fic,
however, the applllfgﬂl on . must

ITes ;.JLISEI' atl t (#Tgﬂl'g 1t él t 9 eSt abl I Sh
a context. A typica dares U8 V/Es ealtd ﬁ‘ reﬂ“f’% ?%ﬁ]sﬁ {5"? *5PiHied 5
cat al og pag%”?fdenfi%‘hl%é?ﬂng &y F“F‘f‘"a aweﬂ‘ﬁﬁéﬁ’bfah@ IR &f 1o the repigrafimatrect! o phirinyser ' s

privacy, howeuehe uehiD cetispopidiag taSie penl ID HEQLsk RO 1D 65 doch@paidigiageapSiyaelm | S not

di vul ged t Oan@-ﬁglu!ep@t }t PFdes t-ﬁpﬁhgs Ibﬁn IthQsEagé/s%ﬁ?rto tge! afp&l%a{ngrpralm%g th %ﬁc&ﬂ%g to
provi derzg fr om easi | orreﬁ%eglﬁllegg?r ng?cﬂ pen dent |y accunul at ed behavi or al
vV

1 foxt
data. THS nafpage F &g Erysr T8t ead mai ntains an anonynous

rel ati onshi H3 bet EIPWRIINGREFORHAIGN BROTOZMp| i cation via a unique alias | D 65,
as shown in Fi gurwhe 4 useddhenesdke oh B eetpdgaiith @fdphdédtCe fin Byrpetidadedtle kagged 10

wth the “TRoleabeRed:y Akl bl O AuntdBu|EL0AIG.PAGE 01 VO asks The net page

regi stration server to %rans ate_the associ ication I D 64, together -
with the pen I D 61°P7"t “"’é’ﬁ“ﬁ‘l‘ieﬁ? ‘?‘Dtsé‘gnpﬂfﬁé")aﬁz’l‘ha%’aﬁeﬂi’ﬁ%a“f‘ﬁ@FFPé‘GE?H’i‘etted to
t he hyp@pl |24kﬁ'ss“’f‘at9p11ﬁh@attalw The application maintains state information
i ndexed by alias hbpagesasler iosds @0 bage deSbriptidh § @M WS tmge ID and determines which input

element’s zone 58, if any, the stroke intersects. Assuming the relevant input element is a text field 878, the

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

requesting page server. The page server appends the text to the text value of the text field.
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specific state informati on wi thout know edge of the global identity of the
user. 15 The system al so nmai ntai ns an i ndependent certificate and private
signature key for each of a user's applications, to allowit to sign
application transactions on behalf of the user using only
application-specific information. To a55| st the systemin routing product
bar code (UPC) "hyperlink" activations,*the systemrecords a favorite
application on behalf of the user for any nunber of product types. 20 Each
application is associated with an application provider, and the system

mai nt ai ns aB.4aCCOQaiATUR@W5M%bEPﬁbfrod%ach application provider, to allow it

to credit and deb 1r gtve eglgnl; WIIOSC one t eCkol}ebr{te%lél r}s ; elgnatur l-ﬁqd EESb'At‘L1 page
application provi I'S perio f’ F)SCI’I Cf nt ent .

The system F@’GUP&?G“F%{@S%%W"@“W‘WWWI“{‘O recel ve the subscri bed
publication, as wefea@&godondacety eclcethebf tBtpiEen oy fieldf thepads|sir@odeidOthe pen I &

RESOURCE @Eﬁﬁﬁlepﬂd%@mﬁé&l% &@%&%@3&51 ProP¥eRicloh. 8C0aS QR@sdthJT%ElIcan&T mPeql €SOUr Ce

description_cl

gramis nt and content
obj ect may BEHE escrl ?5’“6 Whéc%ee(??“a%?elg g‘%ﬁf c?gascfg??:ripl ]g?fic"d‘ﬁ “®Resour ce
descri pti onéoniﬁ'ﬁef‘f‘@rfém[ﬂﬁIfqgﬁ“a@?rﬁ‘@'v%ﬁﬁﬁ?afhau@l coFrenerding dg the Rﬁhla@hlsaﬁ e pertsi gned to
facilitate dnsgoOMgEtyte Glomens 86 td %fy&hd’ﬁ'ﬁl@ﬂﬁs&ﬂﬁuser@.t@hztu& Oak & Haeteaskdtua

confornms to 5i \ﬁQ E‘Jggtraqug've\/\ﬁsbs tﬁ%ﬂﬁx%&d IB gk gn%sg) ID%@ %Q&Etﬁ;ﬁhe L@@ %fi E’Ho

Fr anewor cri Etl on enti ht s hol ders 920.

(R our
The net page™& tpﬁﬁeéﬁ‘f‘%ﬁ”rg"ty it ‘ET“I“VS ES*‘F shisregrate a‘é:‘é‘ﬁ’;f}gl’aﬂ?ﬁ"f ¥““ef§§“ 3T s to
ri ght s hol dép dstphviersturedethesequesingpage espyser Theybree serom pssigps the Sei@CIMUNItCTIKTFie@NS
PROTOCCOLS AfighindadiiheadotifdaSorik Qi@ &ozeef | Nes an ordered exchange of nessages

et veen enti ti eS. 1l B\ ABHARH e IS Ao &1kl g 3UE o RE AT Al N €1 S

and servers utilise ined protocols to cooperatively handl e
user |nteraf?ﬁp?)lf?"{’zﬁ“’flﬁus'f“f]@g‘ﬂtérfbage system Each protocol is illustrated by
way of alSseffienceFosk Suamasioi ARethtath t he horizontal dinmension is used to
represent msssageA;ﬁr&faieﬂarmddnﬁéﬂﬁ:falﬁﬁrtsh&@slmrmmﬁkxﬁwnﬂnszgmh@%d to represent

tinme. Each entit yFolrr? Tu{;rg g{or? %c%lg'g %9 a fortl)ly hy f:rh %atlgz[ E OP ltloQ‘vls I gopa%f rre of the |

entity and a vertica umm repr ese ne. of
During the ?‘idﬁ’és%tl"?"ﬂéﬁ‘l‘fl?ft’?i‘sé%ﬁé‘tdg‘t“’“f he I i feI ine is shovvn as a dashed i ne.
During the tine dntherusddf yfoinshypedink, v hyptriind actifFOileSsafs@nBE thelpigk ebveme oiie shown

as a dowol eaphiichin na@@aﬂt&ﬁg the ¥EmPH 64 2€al &n&%ﬁb&&@ﬁt%ﬁhmeﬁ@l%a%mﬂs gate or

destroy entties Lfelines are general I out S entity
field
ceases to partic Pb(fi‘tteenl eagﬁmawf SEET orf Eir’“&% TSVE ‘15 ocoL A

preferred e%ﬁﬂ?%ﬁtg‘*%flgngméﬂ‘ﬂgté"f@‘ﬁf‘? Wcsﬁ‘éﬁlﬂﬁféfflf}mbm%&“ﬂ?“sﬂ eMBWn in Figure
43. 5 A Iarge nurdxemisgibN ResBENS PRETpcAUbscri be to a periodi cal publication. :

Each USGI’ s edi t'%efé@en@@d1$e§t’o@a CO%ESIOQbM&{ﬁmCLIYS’ShOQHLIF@QM users' editions
wi | a%'e commr}ncontent such as text obj ects and
p

e
subscr At on_del1 0 {-BFSTOERT P OF v BT OLY SR AEmat rbeiFos ¢ o

i ndi vi dual B?idttef Bubishes omelickieels: transapliges wakwﬁwm%lmwe&escmﬂo@ﬁ#ﬂmnect s via
mul ti cast. cdcbheissgophdy elatbe Bifableifro® the iildher ® e prpvidet df Bk pritat. ai Ns a docunent | D 51

for each documen tThE ﬁ)@éﬁlnﬁﬁgfe@lD éQS wsdd ko't rg\lfte a]ﬂ% "or Jo;nmitsgﬂﬁ @re(ﬁt%@gﬁle g@gﬁtﬁppﬂﬁ&c}d nment

structure, incl ment | D _and descriptions, to the page
prov%er%a (e% mer&an to the source application pl?ﬁ?er 70b (1se pub?sher), and’ from the sourcep 9
30 application provider 70b to the printer provider 72.

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

35  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, Tt also notifies the application provider.

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

the eriginal page server together with the hyperlink request ID. The page server uses the hyperlink request ID
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server 10 responsible for the docunent's newly allocated ID. It includes
its own application ID 64, the subscriber's alias ID 65, and the rel evant
set of multicast channel nanes. It signs the nessage using its private
signature key. The page server uses the application ID and alias IDto
obtaln fromthe registration server the 15 corresponding user ID 60, the
user's selected printer 1D 62 (mhlch md¥ be explicitly selected for the
application, or may be the user's default printer), and the application's
certificate. The application's certificate allows the page server to verify

t he nessageto3de@idpdhdter, ahQndd AP GreditHE EoWﬁerrexém& @95&%& sebve tdgter WROASHEA b, ON
server fail ?heg%géap(gxdg‘-%ﬁcred?s%e corrcsg:onlan pnn eréarovg?r ac(g%ugtgg % t together identify a

subscription docunent and page

i nstance | Ds and T%ﬁ%?ﬂ@“’@‘l‘f’é PIEiERE 1%@%@?11:(;519@%31* the ijegdty aidtPnigepapcaids 50, to
t he pri nt er provider, in ¢k ptsleSprdvide of tilidemsyl the @brceabplitatidnipiociaest channel nanes for
the printeregto |ussbRBpribesédrrbien returns the newly allocated page IDs to
t he appli caéi on fo uture reference. Once the application has distributed
all of the dbcunmert MEFMYEt ures to the subscribers' selected 25 printers
via the rel evant Bskgios odisvresSsnd §, the penl gepaally tlsignatakbyvelirinerrgmeal by dhdpdafa t he
shar ed obj eBdusngQ0e ih Efoft @Y bIAHS mbuldiGb ez twath 1mﬂeﬁxﬁr@&§:hte&h@ﬂaﬁi4$or mBafidg page
servers andgpr, Ebfm%n&ts”ﬁﬂ bdn®p 165*]& @p@ﬁ&& thdteﬁ% %omé& L 01%%§dtw%¥}§1@ Rk % ﬁi"ﬁ

receive tOhEII‘ requi red conten atethe
previ ousPy HBF tﬁ‘l’“&"é"é“[ Yl r‘FE‘"Fﬁ“d ?f}FﬁPPPﬁF &g 10 h§ h‘éff"l‘go"\ﬂ% T’E"Ifé""b’a?é@ axtvers to
add conpl et woulflginipstisn trg istfgmdd|fiom semiizan@ivens wasrialdmmder t engifld towser o hiew thyaiupefer s t o
print the d@euR®RbiSted JhibmendbHRER. TN ThMadlatN mm@—wﬁb}zgﬁt@tﬁrﬁﬁlfyed

enmbodi ment Q.I'r u@dsw&%ﬁéslo%e h%gsht% Y(Btaﬁd%nroﬁgu%tl% Ol hwhlélh%},‘\a@.s baa( mg'xur emgﬁ Vhen a

user cllcksonaneta W t "?"H nmuni cates the click |
Lo the near We THaSHET SRS i éwe,vfﬂ{se% of iRt B Ffiesig 2 and a
| ocat i orlSonis maetep bgyind thT bveicqing yottien 18] witmdhe Homdpg02t Sveewl tBeadGll3 ofronliiez pen from

the pen congegte1 A oRHOLREG Bh7. areaéangéh%r&&i/e'ltnﬁ{al HENARY 1Th, MRRding\bhRspbldfig NS, t he
net wor k addtli:re% 119fThetnI;]edaleD§|g§e ﬁggsvgnl;wa ' enaelff'dn%clharrt]x%éetrgarac rrpqrtl cul ar page 1D 50.

The address may a as recently interacted
with the sane pdie m°‘1"Ffé“’15‘P*} fhrcayer ’coﬁéﬁ“‘r‘i?ﬁ\ﬁf}“ﬁém?h‘é%éﬁﬂxlpgi‘ 17¢ e gipr2pr i nt er

| D 62, the pagelsd Muagichn ok flexeCh 00aTH: etustLBD1 hrds paget at Bewopy/ e rhe pehh@ fpagd ser ver

| oads t lrg paalg%mgeﬁ,g,r,tiypti on 5 identified by the page ID and determ nes which
i nput  NPTO013- SG 40 el Assum ng
the rel evant input®Bf &8 °Fﬁrate’|b§t§§s% f’flalﬂﬂ'l?“g‘lpgﬁaé‘?lfsaé’ﬂ’ﬂmm?ﬁéw g@)g‘Pgérver

t hen obt ai n@ﬂftdﬁréléw’dﬁh 1% &d 2 &yl lﬁ%ﬁthlsmﬂs D26 Are mpiited $idsily HD vall,ﬂ theykpgising

det er m nes, 10%.iBahet theeindoMNGidgetnib@ 19 dndé sybss kib a0 dinds Browght fdrteal tefiah dperdshd DR ofERY Ver

hosting t hem@mh bla@tlfz;oa} mZaLon om.@pena,?@ossﬁéaé&,@e m?éocmgs Re mlanﬁl;lmﬁ o) ﬂfa bt ai n
t he corrgspuqk he re Serv and t hen

nd
T ocar 88° T 115 5t B nhaier eob i aeomrL8s S BiF Pad 4G per 1 nk
Tequest 934operatippzad Prgﬂfsﬂeq* o rofpke therswjifhc Bhe cam bared 124 iingledeparap §26atHbafprmiof st wiine 44.
The hyper | i thkwattergi@fthe da@@ofel Sant HBowEES270kd 128 Grojedtiift@tdilcR PoddSRE a@Nek @A i Nt er,
and identi f\'ﬂﬁﬁ tﬁe IE-':& sﬁ)l 126. i@ﬁ%ﬁﬂé[r&?ﬁxé éaﬁ'xISar}epl%g %glﬁler%fg&s 12?3912@1%(9{@ reﬁWeYOeegcht hen

sends its

other to project either the pen nib 119 or stylus nib 121 out through the hole 122 in the metal end piece 114,
30  The pen 101 has three states of operation. By turning the top 105 through 90° steps, the three states are:

. Stytus 120 nib 121 out;
. Ink cartridge 118 nib 119 out; and
. Neither ink cartridge 118 nib 119 out nor stylus 120 nib 121 out.

A second flex PCB 129, is mounted on an electronics chassis 130 which sits within the housing

35  102. The second flex PCB 129 mounts an infrared LED 131 for providing infrared radiation for projection
onto the surface. An image sensor 132 is provided mounted on the second flex PCB 129 for receiving
reflected radiation from the surface. The second flex PCB 129 also mounts a radio frequency chip 133, which
includes an RF transmitier and RF receiver, and a controller chip 134 for controlling operation of the pen 101,

An optics block 135 (formed from moulded clear plastics) sits within the cover 107 and projects an infrared
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own server |ID 53, the hyperlink request ID, and the link IDto the
application. The application produces a response docunent according to
application-specific logic, and obtains 10 a docunent ID 51 froman ID
server 12. It then sends the docunent to the page server 10b responsible
for the docunent's newy allocated ID, together with the requesting page
server's I D and the hyperlink request I"B. The second page server sends the
hyperlink request ID and application IDto the first page server to obtain
t he corresponding user ID and printer ID 62. The first page server rejects

t heI r eq;Jest bdaihy oi;tme QHRE Lk kves ,ﬁ,g‘gqy&gtmeme X AL elovm subply ] 138 cliebe iR r ent
application,

rver ocupent i nstance. and page
TBE 50 1 e HPRETYE o sl DRL PRI pufiee RO g PRASLEBR R EPRR Thads e
conpl et e doéiarer 13§ epnieptsto mhaﬂerafoawgf ﬂﬂéﬁ@lcmlbﬁw 12§ A%Wdeit rpchyEecbiEdpaitery
descri pti onssotsis Jithi tic@aREE] 1DDYin Pénkabtiverh the bitery Ryppas. Wb Mduction Stabyig @oimay isi ncl ude

a meani ngf ulm&,{e@ﬁa@ﬁz Rk feppc%ﬁagao&amcsﬁﬁg@%ﬁe Jaa@ IEd \ﬁasﬁduo%me se§c§15 X&'
i ncl udes th {?@sactl on, tion. This

al | ows the RO1OHH 22 4 W‘-’ﬁbﬁ%g‘?éﬂm"tﬁéfﬁd Ig“’t?dr‘"&ﬁ%‘éf?f ‘?ﬂi‘jﬂlﬂ%"ﬁé‘&‘iﬁ‘fiﬁ“&m BeAPext for
t he hyperli Pﬁtrelaééi ieaeithernhe ghflus tLPleor e Gukr daftrivlke 118 dpuissdcfer vaitings @y ordgt fogmpbleja, e, jts
"al 1 as r equbdicaflnatat dr fite BbtteCoein® afpBdd, to thE @it thlel o hib PAOR syREhiv €11, $RNEAS bot h

the pen | D %to%ghglﬁlagec:@){@%ol'nlﬂ{yfk SerPRPL r%‘%&hr%m LS dIn{Bd 5 safdgxg,ioéé [Ation

server 1 tain not just the user correspondi pen |1 D but
al so the'Val 744 D 65 corresponding to the application ID and the user ID.
It includes the alwbigsegipDadsridl e 12oesmeyaledsewdds tho ctd@8 afjyd Hoesik L&t assibtl owi ng
the appl i cakdppify the@en 185 arfd Sob 8B laisSiRctidesd SIBM4BRREIphk Be GOV B%bock@r t he hyperlink
activation. 5. 3 HANURL TI NG RECOGNI TI ON PROTOCOL When a user draws a stroke
on a netpage with a netpage pen, the pen conmmunicates the stroke to the
near est net page dF?ﬁFéW‘s¥ﬁ€¥%?P6%@m? epreiliniobids i ald2 i dnk g2 Hdae Pon t he
page. TH& privntyemaghgrivéae darddhgcypenan da 6llthe futtge DR vBininndfelre olbt G2yrdsttike  page

I D 50 and Si'osaﬁéﬁ%arp@&hhetn&retsmano&% mg@m’a@a m%mcuﬂag th'e mst;na%fmmlzl Wa¥ rokN€ page

server | Oad% locaﬁon Qaggrﬁ;tsmgeozli?cg taldcf):gntr ler c g%& J.(l“he ]ponmhlgr CEJE §34 Qaail Ete tg olnengtlon

det er m nes Wh zohe: nt er sect s.
Assumi ng th@"tl}eﬁ“é’i‘ﬁé*ﬁt’“bit%ﬁﬂsw@le@?‘Fﬁbﬁi’eﬁs@m&“f‘s@%m ‘beeé'Ie‘tPHST?BnaquWé page server
appends the str okiliting trtehm ckife 368 addiagbndl B2 ch pfin 1@l cad traksmit Ab Higital isk qa@ Kwhadl isOf

i nacti Vlzhy én&yﬁtéa?or?e%@ ac@@f&r@?ﬁ&ent&aﬁslnﬂsmnwaﬁm né@ﬁe\ﬁer sends the pen I D
and the 35 pendlljﬂlg:n trokes

interpretation YP ST AR %ﬁm?é"l”“{/@?i’f“@fé'hftdfﬁf?E"é’sr’%‘tﬁgasdts‘%‘ffme%grh?"é@pondl ng
to the pen,ratl mseesutph@gml@?ﬂ‘ ink daf dsUprifired it thransel VM itthel peryy! Ohreiebadiry ighglesag

i nterpret therSirdngl &SstorSligitd @ dan fort dp@ikinka@et12 mORGRT thi pel AGiof G FeH ardh e
strokes to &gggmhq‘%kﬁeggi stration server returns the text to the
requestiyag page s rver. e server appends the text to the text val ue
of 'the Covt "1l i NPT SReE Fnd ondle R R e (R T bBAL
Assumni ng t higock ﬁipmm iByseatieaie mpla geal theombitectve obthy ekteslidr gt {34 dldguss 10 glssheyisgnat ur e
field 880, ikfacpageor iwer\Rp 1380naimpe sasr 130 ansitdt SathsQ.EDN €5, St ghidinlafon§ | €] d' s
digi tal inkesAst GE maforpe%;ngw&ﬁ'am&tﬁareé's&%rﬁh%&lggl&one of the signature

field, the page server sen d the pending strokes to
‘the registration Sepgerly o W@P*?%“&’E‘P‘i‘“&?ﬁ‘“"ﬁﬁ"" 141 B5 18Pl *thﬁ"é‘“”éﬁb?l cation

| D 64 30 data between compenents of the controller chip 134. Flagh memory 147 and a 512 KB DRAM 148 are also

included. An analog-to-digital converter 149 is arranged fo convert the analog signal from the force sensor
photodiode 144 to a digital signal.

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

35  znd RF resonators and inductors 156 connected to the antenna 112,

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

(~40MHz} general-purpose RISC processor.
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associated with the formof which the signature field is part, as well as
the formID 56 and the current data content of the form The registration
server identifies the user corresponding to the pen, and uses the user's
dynam c signature bionmetric 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 ID40 to identify the user's
application 10 specific private signature key. It then uses the key to
generate a digital signature of the formdata, and returns the digital

signature to the h%g}d&%h@ﬂ mBéEcﬁns&%r‘é&ﬁponJPM&Q& c&%né’r%z APt e -

digital S|gnaturetot e Sl na ure e assoclated fornls
status to fro2efes TRE gt o2 g"’f}b‘f‘\"&t"ﬁrlé’" Fﬁéll%ﬁewé“eﬂei infemapefh gBsingle ¢ he
correspondi rgtrelleASIC. Kimjog RA kbdmpyusntg(RE ¢irggl 165 ing RFresangdorcaapindyeters o) ateippivideduser s'
si gnat ur es. ;ﬂﬁsém&ew SUBM SSI ON PROTOCCOL A preferred enbodi nent of a

form subrg ssion p lonshsSis ; £240. EOLM. cRGEEUrs Vvia
a form h;/gperl i nk {é.hgtl at I|1on §%\9M#ﬁl @EP 4 e%?u Egrﬁlgggmﬁﬁlt% &&
Section 5. 2! mﬁﬁr*l“ﬁ“'%“SMWYBFW%E%PWI%’%’&&W?% Ofcjgenyan B Negayogi: gpd MO Zf“%brm
hyper | i nk, txhe-mhyq@é’rxkllmkchmaga/&nsprdw Misgsat@es 8ystem VEEE Temspigpe osBecv@ic 10 t o
the 20 appbe\f;oast V&7, fdntdd 153nue: B0 g ut1la,erp$r9£drﬁbrklm,y5§er@&¢maﬁaﬂmwrr ent data

content of the f O{“he conlro]lehmcq rg;rsc Oc{dltes%tlan s%ate %/rﬁ é)eno? 0 mac { % vgn etL gp%ﬂ 105 tlen the

applicatjon verifies eacC g sociated with
t he cor%spfesanﬁ@cf ity P tstifaces F‘ngafP?&"F“é aaﬁ%l"aiﬁ cizgih |1-"r?gwheché1°%'f6 rths SpFeRATSPIg |
certifi cat eplorodinde i 44@ndveks gt thexbritrallar 1S viattrpodel manbge615 CMANSSMRnPAYNVENT

PROEOCO- A4pr ef erflﬁ@ad@%@@ivm%m&taté mqmcsns.éd@@omm%mmy%@sp&mte& shown
In Flgure

r onment ons nmay be
payable fr ozale?fone% 5t af“er% ‘fely dh %I{’%"m? hf Bk S%Tn hedrm'sctz})'ﬁa : gﬁlﬁéﬁn% fir Stighs,
t ransact i on§esssiey hgl’&!“é@d CW%@PI%B‘D% "*Feéﬁ@c%fﬁﬂcoé@l‘ﬁ@%’%l ons on conmi ssions
may al soldhe payabhen fieitvd dadodmel] thelaincotporatts1e IpireDatheNssogdiiod (1DApIfterRteer . The

hyperlink reauest, Lgmgguéa&numasggaﬁgwggpag Lee or conmmi ssion credit from

the target appllctlo to the source

appl i cation provi 13 %8‘&’("?"’%“ S‘f)?fﬁ?ﬁé’%%’?e?a paﬁﬁ%f‘%g?ﬂ# SR EromeT megnicd Fyjhe

appl i cat i onmq¥rahpling efithe P 0% agis.Theercqsleriomtessy Yqnraphdvel énFigips O aphid intghgstpttineg ppl i cat i on
recei ves the hyperie ipﬁki_sioﬁrﬁﬂlﬂ&&&ell:@neﬁeﬁs@ﬁﬁbtehﬁxs RREp@IMEE b8 ped Q01 @ddsetoldGon

hy per i % I %tgoht rééren@ectg 's&ﬂ’inre %ianmaéngs ﬁl&%ﬁé tp Igcaﬁo'ﬂ ta§§ E)tﬂe Qelﬂxpll’éd % a lAMIelgte t]ﬁ& tar QEt

applicati on needs to cred source ‘F tion provid ends t he
appl i cation f)af‘ﬁ\f’i‘gdléfméhf’b‘gﬁ“?fyf‘b°blf"ﬁ%f TGS “68‘6&‘“"5"@?‘\7@@"“95@'@?%&“ %th the
hyper | i nk r etipaess use Perfifhispupedegent Carasemmapdhation), then thpyasd? ¢fiearklogatiag tre withint® t o
identify theresSpisiGR: PR tad &tebtl Nenifad inph ci&kds the credit on to the rel evant
registration servgp aJcélﬂénQ { Eb}’% Llceﬁe'{b%et Mr 8 oPRPL b FllrQfbnd PinRared TS OWN

server 1D 53, and the uest ) e registration server credits
the corr pBﬁb‘Fsﬁﬁ”%l‘ﬁﬁl“lpé‘%ﬂ“ieﬁ‘H“‘”ﬁ? ‘Glé?w?da‘&sﬁ’ﬁrbnt 827. It also notifies the

appl i cati on provi Hee the htfrting pesitigpesithestarke i mot rogy.iodie relafe@okiions ovitlin @ elicke arehe '
printer pr ovdzc&asd, Aitﬁou@%ﬂﬁm lm@rawni daauaﬁlat@reews G the Génd I abcelbition, tahﬁxe@faétega nal

page server Qaﬂﬁaxt‘e%{ yf\;/%Bgo %Qtélpgr Ihlﬁg uecsrtwhm crm Ece g SEver uses

t he hyperI| reque entl pri "t er, and sends
the credit &n to %‘GFEF'QVEHFS‘:F%EB”Stratl on server toget her with the printer
| D. The3( e@itst r atRinger Me=pmars credits the corresponding printer provider

account 814, The vertically-mounted netpage wallprinter 601 is shown fully assembled in Figure 11. It prints

netpages on Letter/A4 sized media using duplexed 8'2” Memjet™ print engines 602 and 603, as shown in
Figures 12 and 12a. If uses a straight paper path with the paper 604 passing through the duplexed print engines
602 and 603 which print both sides of 2 sheet simultaneously, in full color and with full bleed.

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

The replaceable ink cartridge 627, shown in Figore 13 coupled with the duplexed print engines, has

bladders or chambers for storing fixative, adhesive, and cyan, magenta, yellow, black and infrared inks. The
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The source application provider is optionally notified of the identity of
the target application provider, and the printer provider of the identity
of the source application provider. 5 6. NETPAGE PEN DESCRI PTION 6.1 PEN
MECHANI CS Referring to Figures 8 and 9, the pen, generally designated by
reference nuneral 101, includes a housing 102 in the formof a plastics
nmoul di ng having walls 103 defining an i4%terior space 104 for nounting the
pen conponents. The pen top 105 is in operation rotatably nmounted at one
end 106 of the housing 102. A 10 sem -transparent cover 107 is secured to

the o ppos it %ar%@éé al;.lbocgnta@lis a hidfs alpﬂ{é§lh Q&sejhg)%ing -H:l'eermgg) gr%ter}n@e?faces%mﬁllm f ?lgrfp g3g10U | ded

plastics, and 1S tfornmed fromsem-transparent material 1 n or 0 enabl e
the user to Si%elr pivlr ¥ %P‘iﬁ"’s 633+ Thistpppxidgs éﬁ’:‘?‘i‘dﬂﬁ? B PROEs 1 Preyrat ‘P?beEFs‘if ﬂﬁ“’loz The
cover 107 i metidedeso dhe neéniet™p aribthed@B5Mikh nsgih sthawitei adgl e pétieadomwrrts Bvhe end

108 of the Kushdagk il aRndind tmcgirﬁg;tﬂmrwera@ﬁaiufmml&@r M@fe&ﬂelﬂfnﬁdd%ﬁﬁ@ﬁeba(:k

fromthe I art 9.and. .fits gorrespon rmed in
the wal |l s 1(5’gtho(fmfdﬁe %hdn&sﬁggefoazﬁﬂ yAec?fclla | Bmanttmetnna ’%2’9 r%g%n%and S 80 behi nd
t he proj ect iPFEg (B8P ¥¢6h 110, within the housing 102. Screw thr eads 113
surroundi ng an ape‘errnﬁngmeﬁgﬂe&tk B mbthrBedatdie picklf) folRf BscAbly easgpedestie wpakei ve a
metal end PiRLE foldne nlzeﬁlig’ Lr&gﬂaagag p&,&f sEﬁéQQ{ﬂQh&%nﬁfé Og%‘éfaozt.ﬁg ﬁ@g@le)ge}ﬁm'r&lﬂe et al

end piece 114 iI's renpvab to enable ink cartri e repl acenent
nmount ed wi t RFHRtdAsseRg EPB ‘I’G Memiet™ Py pogpogs) 497 andp 693 erg *fﬁ@tﬁd i wpesiae rligy pcB
117. ThelGntamntl cofflz@atios alanl $o stryighipivechatd The fager Hl4dsdraRCBo e First fFinengte 8%2us LED

116 is rmuntbsaﬂte@a pt)\hﬁd biGkup liest £26. mms.dmndfsaeerofg@ Fer eoaQs séhlbeki 2R MAWRE print-
visibility. k pen and as a

n
non- mar ki ng n§ ences ]pxﬁgﬁeﬁlgnntegﬁ‘mm%?‘fs? ?’ﬂld%r’qﬁlgmamf’mﬁosﬁﬁ%f@ and a stylus 120
with stylus ni b 1@? P%@WMW%W@F*B‘@HWH%@&@ fpueh b prt eilvaverrd 64 spily Whegy2
Ei t her the iGtinedadnt the ghgieht Riplr pADHOvih adt B@ing b ybtdGredroltr. TRede spidwHaes d&n@u@ht

forward "é]r QL Enn%g gzﬁ’acgg}xq co]il%%e Q t‘ee} tﬁe%heetrs&!:lf’i{!) thceéagnﬁke%%%” ﬂrﬂné&mgu@%ﬁr otation of '
the pen top 10 pect 1 ve slider bl ocks are nounted to the 25

ink cartridge 118 ‘5 2 REPEY 2 $29 02 PeeRsEOf pRyE) fipm A Iplsted piphirEn g AP HAPr el 125
is secured fnty thethindgpesspmbly 5. 110&printad pagresse biteren ke spilg mRickxIp 670 wisl aftbwus
therew th. ThsrGawn hbhét mdvaite a8 GligRSwiRelCAIM &&@m&rﬁacﬁda@mé Wt 1 meark) Ot

within the f. I n

proj ecti f&rﬁ\%ér]n Se]hgé o T&‘nﬁmﬂct g@% S'é’gofzbﬁag?{%g Rl \é&m% : r\garc(l:tgrnﬁ g%g%thlm On
rot ati on~of ﬂ’FH‘é””&%ﬁ’f’F 62'9?’1“&7&*3T%?““P%%Wd“éﬁepaﬁfe%‘ﬂ@ﬁﬁmifﬁmf@4 nove relative
to each other t o Tiprabje et aeritiyed?3 tohdstsplrpaniplly ki@ axde 678 Wit argtating ugligdforout

through thegd gxhaesugp%osie Bs1tiRR: mam@gadzvphﬁsca@ne &71;4om§9 told Miie RE4A), Wik Ras t hree

states of oper n thra 90, steps t hree
states are: ks %% G ﬂla?%ﬁtwnhlf) grl?‘gfmh% °}'ﬁ§%°gsr ri omidi@ elﬁ)ebWhﬂ@"q%ut and
Nei t her i nk °RéBipg ¥ F‘lﬂ&é"t Figring sige mojdineppd syge °'§‘t‘)‘}1’°ﬁfs”°1a26het‘h“l)‘hi‘2%ﬂ ket e second
f1 ex PCB25L2%8ipgeiost sidenaystwdeh tigesadf the lhaatbly @A ic thrug agsd. ShisBfn\whpbedthedive 9henli t hi n
the housi Ng trodgh tkGent oﬂﬂ%oﬁi@&t@ﬁkﬁg bd2€0ensRf-Brided Aodd B B eiin@ haleidohival 8 b Bl 131 for
providing i nL ﬁﬁn%d ra otqnacrorgy for projection onto the surface. An image
sensor 132 i's ovide unted on the second flex PCB 129 for recei vi ng
refl ected radi at i MhefsPeﬁ‘rfP‘tﬂﬁgesglﬁPrt?%ﬁé’éWhe‘f*H&“’%"éfé@aéF‘hfsl"%b‘% Al topepgveipbyesnpunt s a
radi o fr equendyfroatidpakd Bom g Kheetiohodotitles) adinis Minspbited A intol ti@rbindimChsskhbly
recei versg agg a cont roI | er chip 134 for controlling operation of the pen

101. An opg%cs bJ, 35 q_f ned from nmoul ded cl ear plastics) sits within
the cover and Rb“ AU RHITFEYEY NPTO13- SG

The netpage printer controﬂer 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

35  print engine controllers 760z and 760b, flash memory 658, and 64MB of DRAM 657, as illustrated in Figure
14.

The confrolling processor handles communication with the network 19 and with local wireless

netpage pens 101, senses the help button 617, controls the user interface LEDs 613-616, and feeds and

synchronizes the RIF DSP$ 757 and print engine controllers 760. It consists of a medium-performance
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43 beamonto the surface and receives images onto the inmage sensor 132.
Power supply wires 136 connect the conponents on the second flex PCB 129
to battery contacts 137 which are nounted within the cambarrel 125. A
term nal 138 connects to the battery contacts 137 and the cam barrel 125. A
three volt rechargeable battery 139 sits within the cambarrel 125 in
contact with the battery contacts. An i4Aduction charging coil 140 is 5
nount ed about the second flex PCB 129 to enabl e recharging of the battery
139 via induction. The second flex PCB 129 also nounts an infrared LED 143

and infrar eganan%%ge Qﬁ:is ol Ot &%&aﬁfag Rk S9! AEGERALs b Ihbc;mﬁaengmebar rel
125 when either t e ink cartridge 118 is used for

witing, in°BFHEF’ 6?83%%%3?38‘1153“”3%? ér m nati on of the force being applied to
the surface by t hEweBEPSA stetize@ndypomptsy pagesdesqiinons @3he ndtprege frifer's phwresefireate 144

detects |i glmat. rf@amphnhengluac&ﬁsﬂerl&&n&i ath&einh@ﬁrtt@gage (flsg@hosth@sml)mm&hﬁj&ved on the
nd 14§%1are PJ:‘RV' ded

slider ck a

t owar ds t? éﬂthaa%%oénm %F% Sﬂeél ageif)ei nﬁa@&“@f’(mpm{an%mcm he' pen 101, and
top 105 al s RS EEEReFly-p 142 for clipping the pen 101 to a pocket 6.2
PEN CONTROLLER Thhe peser p@i erigise entrotierget cénpolglidd guparitrmgpott gl qroiwrstiskosegoh i ts ni b
(stylus ni bcola]%ﬂcn&rmthtﬂéﬁna&@f@rchggﬁ armtﬂémklémcﬂgé&c%v;csi rrag| ng, i n the infrared

S peCt rum an ar ea’rhe P%ntrer conéoﬂerfs?l SF men[:]cirji é}? hc%{c!s Ie Qc! %/I %r boli}nl?e 6{)rocf.-ssar {SB COi’ ds the

| ocation data fro nearest 1 oca ) o“Cal’cul ate
t he di st"apncgs%f'f'”taﬁéfe“rﬁ‘ gyniiggratiop fataq Fhip ‘%@W‘”‘t%é‘%%ﬁi’ i“é‘h’“ﬁ“&b utilising optics
135 and cont r ol | eThe gladedor 7304 DSPEITEY, @0 MigiaDirah@diveCdainneh3 dratsadive thribles 756 @

orientati onbaséainatcmt ﬁmwmmwﬁaah@e &&oﬁ@gslémtmg qu &1@@@&%@%@0“ ve

distortion o rved

Sntenna 512 PRE FSEfor er PRESr R ng s e [l e o RE . 20
encrypt ed f 65 issserargte singe natprge privisk allpdhefrgnyvorie fofjegtioeta e Wﬁh@ﬁ?t@ﬂ friselectsd -t he
conmput i M Syish @hor)B@inhd thh SaMbit (EMB)DRAMGR is@fo @-chif.CIhé MRl engicR@udiegrdoal 1 nk
data is tra s formed. When the pen 101 noves out of range,
digital i nkgggb‘g&flgsegﬁf tS%déd Wi thin the pen 101 (the pen 101 circuitry
includes a buf f et Y4FY ShEEyt BeErHoreties f&? f“élp"’i"‘i’f’ﬂ ‘iﬁﬁ‘t}‘é""f‘iﬁg 2 APPSRt el y 12
m nut es of nldecp®mh agprtiooatly ohca ey pfrawerk ingride 758.a¥etrke nétwainishd inedecdsat er . 25

The contr ol [ngide POTPmdideh, HprlBHRCes @) LR SeseNthN lnswsmsPBBL hefmd, BreliRe pen
101. FI etrang:?we% 9urrenp lan% Tt-%cngg ﬁ lllull_aLrl %ésp&lr 9 !mgcgiveiso anqom%e EI‘ocg Iloop (QEL)

architecture o ont I’O

repr esent at {&veEt Lﬂfahﬁte‘ﬁﬁes PRiPgs TERES - 84@?’@"?‘ PP&@ E’Béséﬂs'"éf’rw%”z"" Eflﬁ‘éet 48P 2ol or
st at us LED W9M2.0, 1858 135RHirkWirg)rind adrioarmergiteBofe3ttworkilgpintbrReek.0f a8 drtepenngoectidnED 143,

and the for fé%va%ﬁ)ﬁsdarthenmtr@%&dtﬁenlée%caﬂxféﬁm&%rﬁ&QImr&' dsas &3 inBpade3fbrwofCl UdeES a
controll | ng, pr.ocessor 145. Bus 146 enabl es the exchange of 30 data between

conponent.s of "the controller chi p 134. Flash menory 147 and a 512 KB DRAM
148 are 4 so i ncitddl. TRFEVEN B SHTBCE ¢ haPnliesid arMee bidgomevapidged to
convert t hecoxitesd tdgphapésgm ailernbtivgyrinttia @nlicdsed @ 4G englowrial, ghatfio ehd eedcal (B41) bad,a

digital sigpalses ﬂ%&eﬂeﬁﬁ&ﬁng%ﬁf}aﬁéionh&&%io%%%dé&%feie&k%e c@n@ﬁ&céﬁm h the image
sensor 132. A traﬂs erve 5}4 are

2190 1 nol uded { o RFEI SRR TR SR 7 R TR DB e
circuit 155recelHs dffdsaRped; Easisdtcvred aanttrege Pﬁaﬁeﬂt Ieﬁrsalt%ve@@mqw &g pringsT ‘Esﬁe
ant enna 301 2the fihveinerGrpt fér Holtraigy cpin@biefiGaofith dtdblycapiutd egagpehs.decodes | ocati on
data fromtags fr,@g}m Widmmenyi @ the inmage sensor 132, m)nitors the
force sensor photg de 144, c t}EoIs (pe LEQS &1 131 an g 143,

nce t ed t ay

e main processor as recetved and veri otument’s page layouts and page
objects, it runs the appropriate RIP software on the DSPs 757.
The DSPs 757 rasterize each page description and compress the rasterized page image. The main
35  processor stores each compressed page image in memory. The simplest way to load-balance multiple DSPs is
to let each DSP rasterize a separate page. The DSPs can always be kept busy since an arbitrary number of
rasterized pages cam, in general, be stored in memory. This strategy only leads to potentially poor DSP
utilization when rasterizing short documents.

Watermark regions in the page description are rasterized to a contone-tesolution bi-level bitmap
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handl es short-range radi o communi cation via the radio transceiver 153. It
is a nmediumperformance (-40MHz) general - purpose Rl SC processor. NPT013-SG
44 The processor 145, digital transceiver conponents (transceiver
controller 153 and baseband circuit 154), inmage sensor interface 152, flash
menory 147 and 512KB DRAM 148 are integrated in a single controller ASIC
Anal og RF conponents (RF circuit 155 ami RF resonators and i nductors 156)
are provided in the separate RF chip. 5 The image sensor is a 215x215

pi xel CCD (such a sensor is produced by Matsushita Electronic Corporation,

and is desc I' %‘A g)los&gsslg cog'lgrgsge&to% hglgg{% Fg%’whjsl JEFWQQHPEM&&% a R

Nagayoshi , e Sensor for M ni ature
Canera Syst em' | EreenfrrPARa laer PTG &ty pagp %’&‘f‘?sd?ﬁe‘t“emﬁéﬁﬁsété‘éle“s“yﬁf"P°“HS7‘P"' unber
1, January B@D(Bachwalem;bﬁes e pageClOr tpOiDaing donhye bigsi and by dataechiggnieaf e taguis iedwergiedl | R

fi |ter. The d@gg;agt&Lalmg,ranA&e@nll@{Jongms@jrpggeam@,li escent state after a peri od of
i nactivity when t

e cont a
i ncorporates a dedi é'BJ[ 83°eésf’rr’fé€‘?afses%%cg%va%‘"’ké’ ink lmaﬁes 51}3\gu1)}tieﬁcd p‘f‘ élgcglg&r?gor
phot odi ode 1’@45“&?18‘“9\7%@5"01}?&‘3{ T8 stershe ompresped gage) imggen ‘ttsH‘é?“lﬁtﬁw BSAEIRT 151 on
a pen- down eageripansidined priatig@iptling IPage @kperdion G0 Mtin ic pipeigd bagautelicis implastcet psed
900MHz band uBo L.l M,;m@q!evgquz@;;ﬂlp%§§mget,,gll,eglprpones or alternatively in the
unl i censed é(’;‘l—lzpmMT Ném ¢&Tm Sei entific and nedical (1SM band, and uses
frequenc hopp| ng an Of TSt oM ‘det ection to provide interference-free
comuni c&l i on. 15Therva@ﬁxpa¢51oemelamf%m@lmrdﬁ therprirt cogheoniln 7Phestsef akigs an
I nf rar ed Datk@edABEOIGH4atriaDiRterabe B stirdir®IPEQ @Roderf 165, a &ivadrd GhpRFex d@@tumacat i on

with a basecémthm%ﬂfesmp@&sm@%spg b6 fan edcbieP7ck W #oD RhaeBORQAL BRMES, ofhe pen
101 includes a pair l;ﬂ%ona acceFerorret ers mounted in the nornal

pl ane of thé“SB’@Hl‘efﬁi765§?i‘1§Me B BEtaf ¥omet ers 190 are shown in Figures 9
and 10 i n ghost oUtelpiimenging bratrqierG9d eereses ind douiebufioalotaaen hieenspagrinloddess t hi s

enbodi merg  ako rspbm T8 Ra ﬂ;@ﬂ;ghts&e§ﬁﬁb$ RtciBad 650, Mhe pR Aol loliRdilagd iCkRMGRADRAMGsS UT  ace
| ocation t agnscl rPas%‘ ed ﬂg ntge é]n}rlte Ph%ﬁ)e cg‘lg;rcl%r ?e%%.s()ltlcg BIQ gzgg g?ln gd p%ktm tﬂe&g\%ﬁ s{ ate.

Each locatio an obj I nt'er egt er than a
posi tion on‘“ﬁ“ﬁ%‘sg‘ﬁffef‘}i](‘}’émT’—’BPag‘é‘ih’i’Fﬁ‘fe |f the object is a user interface

i nput el ement (e. Ghe fost eawhiel pibdind epdnds Gelven tiehEEG-agribsBdgbntaaCMYKdoat i on tag
withint he e@ﬁrﬁ@(am)ttﬂ@%rduﬂpt&-cﬂpﬁm leceaﬂacﬁlaﬁeegﬁdl r%ddrﬁﬁﬁgd)thybztlaﬁ n&tﬂ@eut

el ement . %f; %Her acccg'gmg rﬁp gc ta%ite %tudlégxgd in Xectﬁm ? 2, aﬁ %gltargl{ep ?]%tsgzgné stlage d%h%‘zg (at t he x

and y dlrec
i nst ant aneotl§ CW@FWV%WG‘I FPEBgsitep GHTGS)S’I’BWC%"GF‘?@‘ BYenevEn "‘ﬁdes‘ﬂ'ﬁ’& ’fli’?’ﬁ‘r?l‘@@{ t he
stroke i s naierKrmevayltad hiyvelr @R HIR @ot POS istbfireg awd fiated gt 367) Gk @rimgingon the

cal cul at ed. Al LhokGh. P8 L,,LLgnoftnutba@;safmspa@m@@&wm&e@t;ﬁm&nﬁ ¢ i DRRG. sensed
accel eration, accel eroneters

ve h res ti.o nd the tine
duration of 1o st guntsglrai HRpcl ﬂ&élf%‘}%“a&é‘é‘imﬂ% IR ‘3 ‘3%?*9 P”'%egﬁélrmee
PRI NTER @ES@RthPﬂfin@?ddm@®ce776§ PRI NTER MECHANI CS The vertically-nounted -
net page wal | print @hen@QdlipSnt Slgad@ntolldd 20 ASSATINEEh, fubh abin @ UipRxed Tonfigutatiqa) | NT S

net pages on terF g%éﬁg}zeéw}%&,mgé &cggha%o QH.[% é;ﬁ@%%gt ﬁgﬁg 760'\4%1%& viaWle Redlf

engi nes 602 uses a s1ra|ght
paper path steﬁmtvhlénﬂéﬁ%*m@@ﬁhﬁé%’é?‘ﬂ%7?“rﬂ“‘68@ﬁ‘“t’dn‘§‘e dupl exed print engines
602 and 603 whi chTlgmrinengpe tdrtralpdiés conhinge lowepedd poiceyint 172 e @meiopizing the pagd | col or
and wit hgd Ule:lpmﬁhrﬁﬁﬂ-rendering pipeline, configuring the printhead 350 via a low-speed serizl bus 773, and

contrelling the stepper motors 673, 676.

In the 8% versions of the netpage printer, the two print engines each prints 30 Letter pages per

minute along the long dimension of the page (117}, giving a line rate of 8.8 kHz at 1600 dpi. In the 127
versions of the netpage printer, the two print engines each prints 45 Letter pages per minute along the short

35  dimension of the page (8'4”), giving a line rate of 10.2 kHz. These line rates are well within the operating

frequency of the Memjet™ printhead, which in the current design exceeds 30 kHz.
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35 An integral binding assenbly 605 applies a strip of glue along one edge
of each printed sheet, allowing it to adhere to the previous sheet when
pressed against it. This creates a final bound docunent 618 which can
range in thickness fromone sheet to several hundred sheets. The

repl aceable ink cartridge 627, shown in Figure 13 coupled with the dupl exed
print engi nes, has bl adders or chanbers#for storing fixative, adhesive, and
cyan, magenta, yellow, black and infrared inks. The '.. NPT013-SG 45
cartridge also contains a mcro air filter in a base nolding. The mcro air
filter interfacesyn fhag air punp 638 inside the printer via a hose 639.
Thi s provi des flltere alr to the printheads to prevent ingress of mcro
particles ifitlo t hE*WEMCt T printheads 350 which might otherw se clog the
printhead néazl esPlay SuifaveFapTlimt i ng the air filter within the cartridge,

t he oper at ional | iy oﬁielqg suB;Ja@ “sfnlgll: Lige 1ﬂt§acﬁ:i1fwﬁlp4th§éﬁlréémh hﬂl‘s@xgmé videNse slan'stge 5 of
the cartr dgee vice ;In_lr:]s e alge to geg':l;t entlz:);%ﬁg in 1P ﬁelX of [ 'ecé%lﬁiger wger g{ﬁe reg%[e ygt \E.'ha

capacity printing and Sheet's erring to
Figure 12, PFFéta'i*Pﬂt“osr Roginged r?il“‘}fﬂ‘ gimatgh 0 *Bel iT“’E‘r0 Hes el s sV isrEbra he t op
sheet di re&tnbtt;tnéfﬂﬂmeta!k&paMfaeﬁg‘s&y past a paper sensor on the first print

engi ne 602 into tRhendupl gxede. Q@r&aﬁé is d%iaﬁ%d@t?%%@pﬁéér@éf’lay 4 déEQﬁedte‘AQer'\(ﬁem etn’

print engines.602. and 6 equenti al
PNt i gur ot | SRS B PR b s el B o Wi Cud b Tt o
the firstO pequpaeradmgrisvis s 2s shdyg i Figueeg? aid defiyestie EQA. his étechiged vim| thercged’6.  The
POSi tion andenti @gping & BEsapPBE nbfets. sensed and fill bleed print- ing

comences. Fi xat | Wi | S Rirkefs8 hobHL4 ARG 048 b, & B udlehe Si2%f\Gs.4 Finf Bty ST L 51
possi ble tine. The g)g%"er exits rint _engine 602 through a

set of powef&d aré‘i(‘?“ ’I@e“vﬁff?&‘feéag d(“‘é?’?rﬁﬁ%ﬁz g%mo(n‘tf o™ FEFET YT F5dEr pat h)
whi ch act agad-nst a rubberized roller. These spi ke wheels contact the
“wet' prifited sur vagenedgeh SORIvedUAB2h 5 bREQIvhir\Bis &iGLEs 16584s 4, msrohetnmnﬁecond
MenjetT"' Lt ERYL0S Referring to Figures 12 and 12a, the paper 604
passes fromﬁtlﬂ fwg eexg %I nt engl?nes 602 and 603 into the_ binder

assenbly 605. The ?“l“ﬂf"@ﬂapo%ﬁ%‘%’é derizppid (Eseiin BPEEVIBT R BT R AP axl e
670 with a Piabplowsnekedagppdarite wdd|tigtagandt Brotd arart hpyaipien apdeg girntth EQ i ke

wheel s and g,-NRBEQE 8dnkedsd | QMmoo WAEE.6 ml hasmm@lsln& thiPkkeBds @l et @SS ENDI y
673 is rEd'“’]req re&@d%tm%e qulet%.rlélpcpr%et)ﬁncgl‘gtﬁglﬁqmes arerendered toBOto nspor ted forward to

interface w ower e ars acﬁpl on of a canshaft.
A separate m)tor PEET T *t"rﬂ'EQEQ‘F%ﬁéfFP”%@‘8‘1%&'@'%@%@“‘5@%@%5&”“67@

consi st s of aacqapi), el kligsothdlsk-owmaxl e 679 with a rotating coupling for the
gl ue suppl yghese %{Lr,gargurnarchfadﬂh,gcartrl dge 627. This axle 679 connects to
ﬂ'oﬁlege \anene): de\é\hhgagu(’iancosggéon 1sao en U%édvseﬂl%ls% lr,%&lanlerlata’%% ?nost:Mg?anEn zlflr%nlémﬁﬁlgalat
the from® PsRREE iAnigenls %ﬂhﬁﬁmnoﬁuﬁgs !ceﬁﬁadr%ﬂpﬁzém@s@at%ﬁs camRyred offPRtyerEkiEped t o
the netal beqidked rsdgaar 2bes 52 ageinOtiity &igd S¥0ins twalroRritel 632 @k tiveodf the higesazs enbl y
673 i s thrugtesh ;&@,roglmev‘gllg&éﬁgctl on exposes t he gl ue wheel through t he

front of them)d ri.n cl ose t nbl y and

o foct i vel Y cap & REBIT R A e e RS FEt PO 5 e cneet
604 passes PHtobthy 1@%%@%@@@“&%@@%9@ NGB Of&ﬁﬂ@mdwhf%al sipipfsiopiangles one
verti cal30edgeyieldxm: deki@d fotalainbes bid@angi@ DB Bdeh EdkOIFD bh@e ikdsihedronSh@eded Bifo vaeqeOCUNMEN' )

?‘:SO\IITEOI_E E}?r %%@g @%%M@ v—i] r%l%s LIQE CQ{I Qigé, 0d A% §a%@£o¥espo§8ng§agi§t‘s aIZn‘g gnyl?\% NTER

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

35 triangular 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 centraily projected onto the sphere,
giving the desired tiling.

A sphere approximated by a regular polyhedron in this way is referred to as a geodesic, and the
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The net page printer controller consists of a controlling processor 750, a
factory-installed or field- installed network interface nodule 625, a radio
transcei ver (transceiver controller 753, baseband circuit 754, RF circuit
755, and RF resonators and inductors 756), dual raster inage processor
(RIP) DSPs 757, duplexed 35 print engine controllers 760a and 760b, flash
menory 658, and 64MB of DRAM 657, as il#ustrated in Figure 14. The
controlling processor handl es comrunication with the network 19 and with

| ocal wireless netpage pens 101, senses the heI p button 617, controls the
user interf ﬁ rame!‘ kEvDéref@n‘é 1t§é fre% gcyo e%?od?s@:q-‘l ?Cnhvsgn ic 'slgdratl gde ISE)4 ‘Rﬁps 757
and print englne controllers 16 consi s I unt or mance
NPT013- SG 46 ifetier#i™fsdthose m croprocessor The control li ng processor 750
comuni cat es W t hTHehiesepsr sulnitvisiomgiangle is telndeia bf afecg of iGOconhedronsZhitigicttpaéd seri al
bus 659. Th @rorB‘hP suliobs the %ﬁ&ee fnki BBce@ @rg@:@tWh@rﬁﬁo_]da@cgﬁto% SR6d. B4 hiflRASe vinitidnh e

net page % : fr.]t{_ltge size o? Oo_] c&:g n@? V]SI(RI%%I&S subdms?n \L3 fes can s & emancat?lége n?\])%laé%g) ?r‘x:(); 9)' ler

expands, di ocl a
print head 3BWestipp (rT e@a’kt“i‘ rﬁé*ﬂ(‘q"sa dmIaEaSﬁ\P@PW%f %@?@g the &plesi! FRE‘E‘%';T']‘PJ *Fﬁ'éf&dupl exed
print engi nerciniteobd By BIPIT Nt 1 thhdwertish tegeadd and ths ingle tubtsridedihy itaameﬂm@bey The

master print, 600k ARk AD) ihRbses! Q)Q@ve:c&l@stuﬁfééi Sekel Gy tf')eafﬂgﬁ-xa 1:@@&9%& aid

monitors ink usage in _conjunction Wth the naster QA ¢ 5 and_the ink
cartridge QERHIEH 78'F* Pegres "E)“F‘T’St‘i’ﬁléflat@%‘f‘ervﬁ‘lﬁl"é‘f%leé’fTafhef%"ﬁg“}?é%rc‘i}m@%%’ ol ds t he
sof t war ellf oxi.ci36t°h35)t This dgfin® e 966 cas B tag lthe bivaphert.On DIPscplSstriangshonest lengths
configuratign xﬁlé’:ﬁeélthefg ih thetwSGHad. @}Qnmmﬂmgapa@;ﬁgm&mlegﬁ&s@sfcmng tnk f¥Rer The

processor 7g§%of YI5H 8 ﬂBereZ)i'e c%seg ngQIVE'l%la ta%rgat? ex gll 2\§§dots an %@te pe% §f Igﬁr ans%:el ver

controller banad” circuit st ngle
control | er AESpEe BEEmetafaf %d@p@m@ﬁ@m@qq@d@,mggm@ 37‘5*5"“3 *aﬁﬁ

resonat ors- and i nthseigersstedddy cath@dgp bay icolet@drbribt e GRPRF Bd drourboritily spherd 2. The
networ k gt et fafgeeodul e 625 is separate, since net page pri nters al l ow t he
net wor k connectl on to be factory-selected or field-selecte Fl ash
memory 658 and t he™ 2P2EBNBIES (VBT IRARE 657 RelegR et %ﬁ?bﬁg%‘epn nt
‘engi ne cont pi ih e smeB as mthenupba vfitgdededuired Separ it seheASkki@nby PR ¢ar i et y of
networ k i nterfacersbgh8sisGdiagyprovi ded, each provi di ng a net page

net wor k ;gigte er f acg, (54, 300pL1.03LL. ¥r e LiASAD RTRULEE, Al AR Lt er face

Fi ber - pgebge. 04 Klisdakrpdofs e P““Iwe’ﬁ‘ﬁ{ﬂ’e‘ﬁ‘é"}“e‘BSE”Prﬁﬂerrs, sat ellite 20
transceivers, curAenital god haexativge He rat ksprjeoel atcidngth oft-E17 opiioré sveranseei ver s,
and wi r el esgod g fblidRQARiHoM ddcing, (iR RN 6L L¥O682 tapQf@k1. | Nt er faces incl ude | EEE

1284 (paral Lgl, po i‘ I OBase T Ethernet, USB and USB 2.0,
| EEE 1394 ( |revm é'tb fawcua'eagf'%%ggg%% ng home networkl interfaces. If

an I nternet connetttiisBe "ed Caﬂ/aﬁpf"é.‘ﬁ'i“%ac?ﬁfaf"néf hjEan topretRiyrRd opeesh WitkpEt | ocal
net wor k 2nt enddade disentinDides s giduastict, Meh me ldod g@lene thaowekh beinmtimtédalwehe 128! The

radio tr ansGﬂaM@%ftﬁe@ﬁfa&%HQﬂ QIIKOGMSASJSIHHDE ﬂ@eﬂf&hde Gﬁ%ﬁ% ez Randumaer mal Iy
used by cordlﬁess Ilccgsed 2. 4GHz

EJ? t1[ f abltern shtn er a mini

i ndustrial , *s¢rent 1 aénd’g[’ cal e(p’fogm °'ﬁ%j s each fgh TaEe ¥ E S GRSy ™ hoppi ng
and col | i si mﬁe@eﬁlwémﬁmﬂl@ edgp I50athel& ﬂllqaﬂSéPrﬁ'éWﬁé“@bww@bre@m‘ﬁ?ﬂmr%cs!ffﬁ%s‘ﬁng The
printer contdvid if ek igPbi vewal thy sdn@aERo sah@mtedino inflfide ar leak dvatoapldsap@iatt i On

( I'r DA) ifﬂi e{)c]csiﬁ&l%f tfhcpslénsing device on the surface,

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

35 betweenthem,i.e. EQ 8.

However, if the vertex angle between two edges of length 5 + £ is less than 60°, then the inserted

tags will overlap.

To prevent inserted tags from overlapping, a minimum tag separation f is introduced, where ¢ 2 k.
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receiving data "squirted" from devices such as netpage caneras. In an
alternative enbodi nent, the printer uses 30 the IrDA interface for
short-range conmuni cation with suitably configured netpage pens. 7.2.1
RASTERI ZATI ON AND PRI NTI NG Once the main processor 750 has received and
verified the docunent's page |ayouts and page objects, it runs the
appropriate RIP software on the DSPs 75% The DSPs 757 rasterize each page
description and conpress the rasterized page i mage. The nmain 35 processor
stores each conpressed page inage in rrermry The sinplest way to

| oad- bal anc to let DSP, rasterd ze a separate page.
The DSPs caﬁrha %ufgve eanF%”he lfjeg’f/mssalﬁrﬁ"t'%?—‘ﬁ’“an a?iir BIETar) ﬁ{]unber of rasterized
pages can, in genEeay, W*‘%‘é §’tﬁdﬁ"€@"‘1‘“ﬁd RN ye- ‘“THFS@SS‘{“?"&‘E'@WEWWPMI Bads to
pot enti al I Y ilpfatkd ibXSEire 56 tvihtnir 2 &I c8ibe WA S08:51H6 inditddtheSR@EIpingOCUNMENT S.

Wat er mar k regi ons Iasgg )t

cont one-resol uti oﬁﬂeq}a%lr%gnvtg %ﬁg%utﬁl bl‘ai'sgﬁm%{e% %’%Eﬁl&\/\#}{a%sﬁﬂ?goqlt gnsagciorgasngel y
conpr ess t"’Bh%%B’rl gi bl e size and which fornms part of the conpressed page
i mage. The i nfr ar ¥en(chrijlerhgy particgir njefhetrigpele, e drefag éistind reg dnsertion goukdd: Bret page
tags at a de&&hﬁgmaﬁemﬁwve@xxn REJno lebsMahz0° Ea@.hfafa@),s&ﬁeaﬁmtﬂﬁﬁvhmﬁ D, tag

ID, and Contmres ar(xflleth s'at Ieag one ed%e hess ar?' or%Ounlttoe sr}rt1 1319 tge remammalgm g:?gels ess t}?'attl gd duri ng
rasterization an essed age h mal n processor

750 passes WEWBGWWEEVCF%@&SWGWH@W%I exed prl nt engi ne
control l'#rs 760. mkaaRkt phidd (FiRRGTIIE @Rt 4 thdnklesis Ho&d Sh RRAS soliR@ggRphessed

page i mage kfndtiid.8c8hdEMOry, and starts the page expansion and printing
pi peline. Page expansion and pringi %1?% S ?i@gel i ned because it is
ed6?54

inpractical to sPEFEYACERETFE" Y SFELNICEERES p R fas AE§aS4ih
menory. 7. Zi@ﬂmﬁbﬂfm@N@wN@ ORFROHERe hetadEmgof e gengk®Pansi on and printing

pi pel i ne of the phitie thir@REpAVEF: G HY1@b dagdk 5546036 7@ SR 558 eRdeedd iingth T2 ped | EEE
1394 Ser" 562%&%&!1{3&:&9&@ ;J%?%l ?ot% cﬁQH@J o IJI‘P sggep Qgggd t]?@r%ag ggnpﬁse% g?ggg] Q oup 4

Fax decoder custo

encoder 766‘}“’5““!4 ﬁ%g ?eaﬁla&fﬁ?eﬁ‘m*vfafeéﬁﬁs séﬂ’nf t@%”?’m%‘l’d“’ﬁve"é‘iﬁ%ﬁ?ﬁi°ﬁ’i“%ﬁh‘frbce 768
to the Men) edge §i8ioftheragivhl @B@le S5BHamprirricidel giherdiagosh bitip| throid3gQedope teadtles i n a
g_OUEI e buL f &emnfmgmmm}sémd&@e&m&oﬁﬁe@ﬁp&oﬁd,&aﬁglaametag@ngmh@m%M 769 v;a the
i gh speed serial,i.n e [ S e rom
DRAM 769 and asse KoturﬁhS‘%le‘%(a:IS es%ral?t %ﬁ“%e}%%aﬁ F%cg@gnie%gﬁ“{g%gdmce t he
page has?%i ﬁ“l"‘%’?ﬁﬁ‘sb‘ﬁ“ﬁ‘i ‘itH‘Q““d?‘h% ohageded §2ta“d 1*‘?)%%’6?%"%"“‘5??7ﬁf“ééf‘"\?ﬁﬁyle%3°5anot her
page i s | oad®drhe Hiping progedie isthen greursiifely biipied|oi eprd bf tikdoveypantdangl @ t577/5 8 7%atne

JPEG- conpr e S@eQutCRnhOns tiai rdy @ @l minifRRAR Snel Blcandifl nivB Bie (@ bHabe s the

Fax- corrpresgedmllgl-lleesysel bl ack | ayer, and rengers (at 766) the bi-I|evel

net page li'gl eraccording to the tag format defined in section 1.2,
all in par aI I eI "i*ﬁé‘g%lé'ét?ﬁﬂ’leg‘tf%@@mﬂizﬁdﬁﬂa@e‘(at 765) the contone OWK | ayer
and condisi Tade 4 Jag G vartahles bi - | evel bl ack | ayer over the resulting
bi-1evel CMYK |layer. The resultant bi-level CWK+IR dot data is buffered
and forrratt d (At R7\ 'Fnr nrlnflng Fa¥al fho Lbr‘r}nfrﬂ r\rlnfhoﬁrl Q)O Vlaa
set of line B’ﬁ?aper‘;. Most of these line fﬂﬂ"ﬁers are stored in theé off-chip
DRAM  The fi ndl 'rg'eurpvqﬂmg‘iglphe SIX channel s of bi-level dot data

(i ncludi ng fTXalTV§dg disfhe ' 3 2 [f'e—print head
interface 7B8-

m minimum diameter of sensor field of view on surface
5 maximum center-to-center tag spacing
t rminimum center-to-center tag spacing

8.2 TAG SENSING

8.2.1 Pen QOrientation
30 To allow a pen-like sensing device to be used as a comfortable writing instrument, a range of pen
orientations must be supported. Since the pen nib is constrained to be in contact with the swrface, the

orientation of the pen can be characterized by the yaw (z rotation), pitch (x rotation) and roll (y rotation) of the
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When several print engine controllers 760 are used in unison, such as in a
dupl exed configuration, they are synchronized via a shared |line sync
signal 770. Only one print engine 760, selected via the external
master/slave pin 771, generates the line sync signal 770 onto the shared
line. The print engine controller 760 contains a | ow speed processor 772
for synchroni zing the page 30 expansi & and rendering pipeline,
configuring the printhead 350 via a | ow speed serial bus 773, and
controlling the stepper motors 675, 676. In the 892" versions of the

net page pri Bénea'é, muslirgl& il MQLreQili IVﬂIﬂe &l Wﬁﬁe p%%ﬁﬂt bguc%tﬁmépu ls‘?etas%%fﬂe R3G&SziPer

m nut e al on%1 e rl% Ion O % 1 ne rate of
8.8 kHz at TBHE g T‘PF ‘F‘h@ ‘”f‘é“‘he\?é‘*r‘a&“ﬁr‘fé“eﬁ“ ‘fSHB“ngré’f‘ Hﬁ&’é’l BrPhY eFR 2ehe two
print engi n®d. each prints 45 Letter pages per mnute along the short 35
di nensi on of the pagech@ffonally apgiie¥ biR@pidh, kicNBat) Ol eRaniple, il Be dsdidriz pen-EEl&Sﬁ l'i ne

rates ar i head,
Whi o 2t hebda Mk 3l B GPRIRY 9 ruly/ G SNGn Tl AL @% TAGS
8.1 TAG TI LRt boyevps %&?ge SEPHEBEMTLRT PPzt 1 P 261t 87 s s eSEspRAb

"si ngl e- cl i Gd' hepaatite yarC tensmn abilit)his thertforg g@eirain@ginlen theiran & lslemmger@em e, the
Sensing 5 glevsked BeldWliSdw iDBerddd BpleDbeBRQitdAlalldvid He 1l DAY 8RS tb beRpdeiB@i b rolafihgl TS
field of vi g%ﬁlg,a@%&h@s aw&gk%egngpq%a{"ﬁgicfnmﬁ at what orientation it is

posi tioned. e require d of view of the sensing
devi ce ¥ t her ef e ®d o grpeomyepsienaly defifrd oy 2= WP FEpeitivey. Brc thpiecddpd 4. In
t he case whamxend hetaiagepbrapdy, begue itleg ué defined SittCiBsp@Sto tha @-y jproetingt syeedh éfag 4
descri bed eakch Qhore thd Vs ﬁh@mo@mta% mmh.@i axksI KBNS RS Mreral ix@lwgenQ;eweW ew is

obt ai ned then t he I:E %ql%héxangéd ﬂ{: oordllnge é)ﬁte 811 éfe?mvrﬁxgﬁnaﬂ%g% % as p:l\shtwe g:h’ | lateral

triangul ar r own in
achi eved mh@ﬂciﬁcwésec@m RPILapdyaw @t ﬁ‘t“é?“‘“lﬂ?i]g defippd @ Begjtive S/han ﬁ’eckylaerrﬁera%l r?‘ﬁ‘é‘lst ag
di anet er18k. arMiefided @ péstige vilbrantoskwvisk of 256 dots (-4 nm at 1600 dpi), mis

therefore 552 dotg, {en@o\&alm(ez) 1s\4¥lattJa toalts f'tliz' ¢§4nd A SRR h 2t uHR WA Ed 1€ AN

effective tag di ag;e nun% mincreases. to 587 dots
(-9.3 MV). 15 WieRPP HE atff;&&éhe&“lé?*é" feptuges & lé’FﬁE%atg‘ff%ﬁﬁ'hﬁ"t‘“s nférets is at
| east as | arigyeand §erkfore pifpetyihe tepelutipn pf thptimage fepser] $incoft isimpegiciil 4o sgpissthaprepgirefl® 2. When
no overl ap inger € fdnmrkhd dan’t #alsd @ffebrz MV Mncetion @z tnib A RDREMBER: iFbeCLGSINEE | | nes

of tags J0 0d1sba].(m%rmust %é(ﬂi&pxl & allof 2 55% n%ggslt%? {3 %‘? geg@g frﬁg ?o@igg%‘g%ﬂg"?ﬁg%a e st be

noved apart by a m ni num am)u giv ter tag,

uis therefe 40 dots (-0.6 mnat 1600 dpl) Since this exceeds the quiet

area 20 re¥a2redmhaerSendieg t ag, the quiet area can be ignored if tag lines

grS g {j etndgr ed Eo nl;n& fiRMBVidvAdan be%%&eiehEEQc:%)edhﬁked1’5y%ﬁd%@glga@vﬁg%gﬁggafhﬂdlzor ad
ot dianeter. ta ef ore an

CoCT s bog At e e Bt B SR s G 4B pi i e MR BB

i cosahedPonsetsy ipftpisHly uestspiulas oplh the Jeresstselliptinel eybarma rodtitieritpaga rfensdr rip Slevaptetgul ar

triangul ar gubrhitesigp tRf 2 suf@BenBy IGPIVRHE &F ithe Auflice Bithagdd, o f@GIBGIRELAN, such as

i cosahedron 526 i, Qs oPae o SRNRAR S AL b M8 Wrdhes SAURN iR WAES on the

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

Figure 62 illustrates the geometric relationship, for a given pitch-related tilt & of the pen’s optical
30  axis, between the pen’s nib (point A), the pen’s optical axis (CE), and the field of view window (FH). The tilt
is defined to be clockwise positive from the vertical. The equations which follow apply to beth positive and
negative tilt.
When the pen is not tilted, the window diameter (i.e. |BD| ) is giver by EQ 12.
I, when the pen is not tilted, the distance from the nib to edge of the window (i.e. 1 AB I )is T, then
35  the distance S from the nib to the center of the window (i.e. | AC| ) is given by EQ 13.
When the pen is tilted by 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. | FH|) is then given by EQ 15.
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equi l ateral triangular faces 528 sharing thirty edges 530 and twel ve
vertices 532, with five of the edges 530 neeting at each of the vertices
532. To achieve the required tiling, the icosahedron 526 is inscribed in a
target sphere, and each triangle 528 of the icosahedron 526 is subdivided
into an equal nunber of equal -sized equil ateral subdivision triangles 30
to yield the desired total nunber of tr%angles. |If each edge 530 of the

i cosahedron is divided into v equal intervals, defining a set of v-1 points
al ong each edge, and each pair of corresponding points along any two

ad] acent ed ges i's Dj aﬁ)d &]Slgt lg)ého@en s& tﬂﬁ arpﬁg tél}eIIargJ aQea tlshlgaggit tt}arghoﬁt%rsﬁ)goré&jﬁl@c ent

edge, the lines _so drawn I ntersect vertices desire

equal - si zed "o 8 FAFFLPRFAT Swtsser O ”?l af?ﬁ“ﬁ?’?“e’?ﬁ&?é whilg t@%‘ﬂi‘“’t‘ ?fﬂ’@ aghyy! “P‘T“i”‘éd
creation of awfsgiven byifd BsThiser iy ¥Quisgul ar face 528 of the icosahedron 526,

or 20v2 tri angl esohdd D@,Ldlamqtem@ &.%ﬁkk! sEdsd?gzsthﬁMﬁnuii bch¥E sb Ing 88 imafel ¥8 i35
triangul a f ly %gled £ that? %e maxd muﬁnrfequrf: equencyls sarré);legatqalllﬁmg I’ eoch%g?roz ht he

i cosahedron®
remai ning verti cegfhenwéedt \hmcwf&e ﬁl@'ﬂiﬂ%&?creesew@ inergasisndistage firera He vipypaintgpd t he
sphere, whi keh tnbresing iadiRiich @Igivy @fthd GO&e IrdyeBitinsitde v paspherte: a baclF for eat ed

vertex is thenes iaf etk foftleiave R QL. %ﬂe%@nﬁ%&mﬁé&@ ARRRGER the viGpYhe Nebeeled

desired tili r ox| nat e ar uIar pol yhedron in this way
is ref erred“‘?g""wé%t"3%5&35"3%‘?‘%8’““5?%3"?1%’ ‘ﬁlﬁ"l‘ﬁ"l"\?f SENG  parameter v is
referredl@o as th“éhefdisfeqtrémryFMmttm@WmdesJﬁE)ISEM}MEQSM shows an

i cosahedral geodesdakng @40 W ihinatiohTBthe dust:Re reiddvt B thb SwihAGLEoRRBERNGves boser a
subdi vi si on brbangl e is to the center of a face of the icosahedron 526, the
further it is fromthe surface of the sphere, and hence the larger it is
when proj ected onEdeEHRcedsEfEuenryis fitip e agulay gpfocs gt fegerno pfdis e of
proj ect ed sudygitwitgifigofiviewaings e couibdiveitgBQ Iverti ces can systematically be

di spl acefk pri or tq,h&rﬂg;egq,gg, f}g g;gq;gﬁgreK,o) M reduchilo k& g,sahedr on- Based Met hod
for Pixelizi ng th est i etters F’(Igielé Oct ober 14,

1996). If v = | ﬁ?ﬂ“ﬁ%"ose‘%?‘&‘st ‘?y@gﬁé““‘éﬁ %q“&f?%g%l’f“ alstef U ﬁ@‘eé?%l Bt R& by a
triangul ar fhapieel deaw of thy dpagesgnser éspyaiforys it @0st imagp thy eptirfield aviey at gy Ggquengyhe
surface def GRetn byuit-iad $fiviéemmﬁdgcasp@u$fa& zfn&iﬁa@@sclﬁ&iﬁl& lef’kﬁUgﬂgane @R6ih r@pebt@d Nal

vertex bECOI’EESpnIcaIiICI’e i’arl]l%!ixlmp]m 8 ? g\gaereul_ﬁ gc'l:cg gqult\?th%eore 3%{] mrm%‘lngu' ar

face converges on’r case for a
tag tili4y magege@cpﬁ:gah@onq|1wvanb721Q|2§a-§Eg|2és tri angl e the base length is 1.18
times the | ength ofe codrguateiv@msindie Sumeldae inB 2Ttemid Agn SP &6k FRESnidzGE t ba-

pur poses of ngggdqyljng,ttﬂeggmﬁg@,ri%ggqpr fi eld of viewis therefore close to
1.18k. Wth a tag_dianeter anda ui et arfa of 16 dot

effective tag di aWB?‘él}e’eRs“{’)fmaWE“edlgt(‘é’ Et =9 S"df?ﬁj et e B T T Af%ld?jot s
(-10.2 nm aftvcerdeng (tor EQ, @is redihe Q3 endd@ended by each edge of an

i cosahedgpn at thm&%&@&o&jecttpia&nﬁhe@ures%ueméa%ﬁep!amsI s 15 given by EQ5

an

For a sphere of s.r th each e t,r ect ed edge is
it. Gven a tag dlg ér?age%""f’e tL 2 lé??é'ltﬁrﬁf"c“% Iﬁsrb r K%“? tags n
required toofumﬁeqce@t}@r%qb'hefrvewwscngl(le# DY lE!:&ZGedWPE@%l ven n, | S I imted

by EQ7. If nis Mhtﬂink@ﬁ uﬁz@e ﬁﬁn@ silt toQheAdble@Wiahe 1@t thtSeBorddfield® a b@ailbri rEquiE'ea@'nang
W oL 1 00p) B9 oYL B S CILOTS of BEQVEL o POrhS SRR Al b L aker

to be 4.3 mm as above, imte rcal glo ehasa
radi us of 18°(Bm’i‘ﬁlﬁmaﬁet‘§a“ﬁf'ed‘j“@&‘te§8f “é{l‘sch"l“’%"ﬁ’gf FlagFly cofly ptipR i pri ‘§ a&‘i““‘“@\?"@ﬂﬁ/ spaced
tags w th newedtar ¢pthb@iedddi ti onal spaci ng. Such a gl obe uses 16812 tags in

total. 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
35  equations apply equally to roll-induced titt, For roll-induced tilt the distance § from the nib to the center of the
window (i.e. tacl } is zero rather than as defined by EQ 13.
For pitch-induced tilt, the magnitude of the tilt range is maximised by choosing a minimum

(negative) tilt and a maximum (positive) tilt which bave the same image sensor requirement. Since, for pitch-

NPTO013-SG



8.1.3 Arbitrary Curved Surface Tag Tiling A triangle nmesh can approxi mate a
surface of arbitrary topography and topol ogy without 25 introducing

di scontinuities or singularities, with the local scale of the nesh being
dictated by the local curvature of the surface and an error bound.

Assum ng the existence of a triangle nmesh for a particular surface, an
effective non-regular tiling of tags c&#f be produced as |ong as each nesh
triangle respects a mnimum vertex angle and a m ni num edge | ength. A
tiling is considered effective with respect to a particular sensing device

e 1ol Safls M) Bl LB RAS] AR G5 S AHALAR £50 i bpSLudE 2t

| east one tion of the sensin ce on the ,
surf ace. Thé"“"?“i“lhﬁgs %S@é%ﬂﬁd%m@fhaPP%‘nW°b‘l°lat??‘ﬁ‘ﬂ *'amf@gvewﬂ@aewwr tex of the
mesh, so the m ni Mdscdddboveaipgindliest fegurds hidhesmgrrare the sttufr@estwaigh adéodeigtdgrbitk. The
tiling proceagded ni¥ PRARHS dildere 5718 @8t FAGLives alhBGmad fedrldSireHeP Al Fout 05 pfty €dge
whose Ierg; g“g())é%eeds a maxi numtag separations. As illustrated 1n Figure 9,
the maxi numtag spacings is calculated so that if two adsj acent tags 4a and
4b are a di st ance?s spicyated gegpring to K@ 2peye pp equiltepbipeylas filing 9BA5Préat digplyr g 35

bet ween t hemjth to.ogertapBi@w8en sidosBY Bries ofitdgs fedubes\i @fidimdda RN @G Gevbeddowe danctervd tedges  of

length s + Qe of s8R Bt $Pwm b1 ofine 1 nserted tags will overl ap To

prevent inserted tags from overlappin mta ration t is

i ntroduced, where™ fsgpe?’?ﬁ]arﬁﬁ“fﬁibﬁ‘pé{‘g g‘&h“fﬁle {lfﬁﬁ q’@‘i‘gfg PPHRFPESE t hen
beconmes ¥ f elfecttve ontacofithithegmrficetbeyam! abdwotAA° miteh (ECH09 fronOlbekpritoytal). Whasmable targlt Q i S
constrai ned pﬁcﬁ) rabﬁ 1@t@erefdre Gio° {oh@() nﬁ& Q réas%naglg H}'ﬁtrz{ngé J--!'Q‘dto LQ)OQ{% H'n‘{nﬁtgﬁﬁtﬁ'l But

as illustr u b (3 can be less than 600 without
i nserted tagns“%té‘i'/ls‘e"r“I“'m“bgl Jrf’ltcha’i%ml aﬁﬁfv""n{f?ﬂ ag separations nust be based on the

new mini num tag sEpaeBx ‘IOBWC‘t(l S ) Matwentieitimaee sprsgt Matsisidie Flecronjyfemoreionsi deri ng
a parti cul akndnsssshivbdin Sgags By, Itakueok € Netu@dsf 1 OkusdilyaSlt Nagaybshi, &g M a&E A 1n@x50k-

scenari of Exel Immgagenmafr Mtnﬂamrammmnve(rsﬁ@m@gawngmlﬁﬁecmc b&egs, vdnan 30
(i.e. half whenever a . nes E

6
I east one e ““fq%'s Jaf"ﬁgﬁo%[’? ‘sesﬁ‘fﬁ‘%{f f°f BSeé‘i BRI St“ﬁ‘easlaé’ﬁ“altr{’lasna&g‘faa%’[]edges
are less t hawlu}‘z@ of 315>x2)1 Eripggls Hssuining piesd trtegeared dhine smaiepiavirfieldeat view naimggde elajes
typical ly at, bRasib- toavéndoﬂ-@stdn& ok optfilizing @8 Bdétd udidz EOUE am&b)zua@cha@g@s of a

tri angl e 549351 E F]?an%roh Ef.ngse tagggabvesy%ﬁsa %h&a%%% qg" t0+48d(]é§‘) agéﬁgrol e(% &83 alr eady

conpl ete, cenario one a tri an | e 550
exceeds & n+43eﬁ@i‘ﬁﬂl aﬂée‘t"wjhsB@lef’%” njrypgdan prgpfer figld ?fH@WPﬁl&édﬁn?4°th°tﬁYPéab@dge 548
to conpl et epltchangbaggﬁang-zo)ﬂfm 'ﬁ-h& akdl thiSie GhpPed2OEose b he bR dagevl pr&mwdpmal( Fi gur e

59) two edggs, .p24 l.e XC :
562 are i nserteg Manveﬁthe hydc ol ﬁ?&%fthatea%ﬁm%ec%ﬁg“lpgn&dl oﬁ% gapn %5‘% 556 and
this may cofffi'EcErmseraggi ng of the triangle 558. Centers of the two

i nserted tags 560The bGRI pagiktihas conifibel tof 4a @liiptiod cane whdsCBgor 2Rk, is @6 tgfpitthhe short

edge 568m0f lgngg,d%dﬁ%m,agng]g;Slsaqg{,eqolggge forma trapezoid. If either diagonal
of the trape20|d exceeds s in h then a final tag 570 is inserted at

t
the center of the hﬂnﬁ'ﬁ?é?‘f}?gd'a‘fa?}eséﬁ 7 [l Pagging of the triangle. In the
f ourt h scendabled. (nkiggeeneing@ariables t hr ee edges 572 of a triangle 573 exceeds
in length. A tagged 20 vertex 574 is |nserted at the m dpoint of each edge

572 and t he—threeTnew—vertices “Héénfﬁbc otred—by—edges
o Object space field of view half-angle
o Image space field of view half-angle
¥ Pen yaw
e Object plane tilt (i.e. overall pen tilt)
o Image plane tilt
¢ Pen pitch
W Pen roll
® Angular frequency in field of view

NPTO13-5G



576. The tagging procedure is then recursively applied to each of the four
resultant triangles 577, 578, 579 and 580. Note that the new triangles
respect the mnimumvertex angl e because they have the sane shape as the
original triangle 573. The tag tiling variables are sunmari zed in Table 4.
25 Table 4. Tag tiling variables variable Meaning (i mninumvertex angle
k ag diameter m m ni nrum di aneter of sermor field of view on surface s

maxi mum center-to-center tag spacing t ininmumcenter-to-center tag spacing
8.2 TAG SENSING 8.2.1 Pen Orientation 30 To allow a pen-like sensing device
to be used nfortable writing pstrument—a-+range of pen

orientations ﬁst P8R BREIRASE™*Si nce the pen nib ils gonstrgi ned to be in
contact witih tée suiitfedeevingdstanceori entati on of the pen can be characterized
by the yaw[(Z FOT aiduaitk feaRidifchuehey Ot ati on) and roljl (y rotation) of the
NPT013- SG Ft+—permras—iHustrated—+n—Frgure—6+—Wht] e the yaw of the pen
must be un onsgtfrai ngéé 1pﬁngra‘t‘e|s reasonabl purn canstraijn the %itch and rgll of
the pen as |wel¥ as| 'PA seFerraiolid |t of the pen resulting fromthe

conbi nati o of pi t|dhstabelfront it tb cen¥mui fiels oivewwemiriagnal | y applied after pitch,
such that, forSexarmﬂ,e%,e:iop the case of a pen devicel it 5 would define a

tw st about_t_he_ph;Ls_J.caJ_axJ;_Lal_hﬁ_r_t_t@n_a_dJ-z-eex—u-on in the surface pl ane.
In a pen wilth a neP¥FRYH T © AEREVEN S YHE™ mage sehsor is nmounted of f the
axi s of thg pen andutfdte pem® 30 mage sensing ability] (and hence its yaw
sensi ng abitTty) TS therefore constrai ned unl ess tne pen is held al nost
vertically, 3s djrs %SDG% below. Yaw is therefore applied before pitch,
al | owi ng t h&7 ul | Afa ?é%ge to be specified by rotating the pen relative
to the surf&3d whiadmreedspaegsing andiPegadingr ol | constant. 10 Pitch and roll are
conventional | y defignggle m6cesyingif Ghsotibed @iriget inGaSion 122ISIp @dbinaee Inyknowkddee of thd#By ar e
defined s x and N£H Atk QDS well BRG] M, DeCause they are defined with
respect to the x- coordl'pa e s%stem of the surface, where the y axis is
the natural ®%ngi Pirgiede 2278t he x axis is the natural lateral axis
when viewed by aOups te 2D peppegtive fragferm fisceblefesd WISED aecowsdi ha paaspastivg digerion o | s
convent i onalkdgyh t@fphie hagSas PRG b cMEer, W €drespetiding ddeee kviagenstonhiivibeespitcche and yaw
are_convent bonah . il hnds ROShLLNA dhien, ghockui se. Here al | rotations

15 are d@&l e s positive when anticlockw se. The pen's overr\%:e,

is relat& to itsOpFHefscrryD e Bt Y fecorepopdqe ggﬁ"B FERESF P20 11.

The pen's t it thearfsiont o the e soiaibab axit withimdsish tosthy sudkee Theenge'uphgsical grieis fhywged at
diff Ier e_nt P Qi 18 exiab!ﬁdiédh@thtf fbaﬁ'l& ﬂar@tmd_ v)bicﬁié/_,expaf&ﬁl:eei l&}@l[e@érﬂs_ﬁ&r.atf phsSes thioudhlie mrl:

resol ution the i. e sensor i ; s . to sense the area
directly u;} erﬁlgltoﬁiég%%’r?ﬁfnn|eB?ySlfah%§8§ﬁ1?gﬂnﬁ %xglsgﬁg%@%ﬁ%%% t he di,gt ance from
the nib to the ceHtsspreentinglineiiereaprdiig spacey k) Eosodra B BHEEHIPTEBE  known to
al | ow a b edlies exisnidohepipsictiophis 4t the byigindie panree the plosivat dvie cqiroidds witlohe z@Bt ¢ thd ned
fromthe nib is at the origin. In tag space the tag 4 lies in the x-y plane with its center at the origin, The tag transform

transforms the tag 4 from tag space to sensor space.
Sensor space is iflustrated in Figure 64. The labelling of points in Figure 64 is consistent with the
labelling in Figure 62. The viewpoint is at E, the sensed point is at G, and the nib is at A. The intersection

20 point G between the optical axis and the surface is referred to as the sensed point. In contrast with the
seometry illustrated in Figure 62 where the nib is considered as a point, here the nib is considered as a small
sphere. If the nib is curved, then the tilt of the physical axis affects the offset between the sensed point and the
contact point between the nib and the surface. The center point K of the spherical nib, about which the
physical axis pivots, is referred to as the pivot point,

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

The discrete tag transform includes the translation of the tag center from the sensed point, the 3D

30 tagrotation, and the translation of the sensed peint from the viewpoint.
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tag. 5.2.2 Image Sensing The field of view can be nodel ed as a cone defi ned
by a solid half-angle a (giving an angular field ''.. of view of 2a), and
an apex height of D above the surface when the optical axis is vertical.

Al t hough the image 25 sensor is typically rectangular, only the |argest
elliptical subarea of the inmage sensor is relevant to guaranteeing that a
sufficiently large part of the surfacesss i maged, as quantified earlier.
The intersection of the field of view cone with the surface defines an

el l'iptical w ndow on the surface This window is circular when the optical
axis is vertical. ure 62 illustrates the eorretrlc rel ationshi for a
gi ven pitch-rel at %‘&“n%l ¢ rgnsighon ¢ ot thd Se'B%rf’”‘gt BpBed %?T‘p"mﬁlﬁthe rgete A e vv?é)lénhpntuhe pen' s
ni b (point AgordincheEkthesensndppin &lsivenby BQRTE), and the field of view wi ndow
(FH) . The tilt isnclet b}ﬁaal 1x8 oI digrbr® GRS Epti@D&is by W @ thursienen bldex ruteiot ieal . The
equations whi t \ en the
pen is not F]&c tth%p(?xys%cﬁ 153‘193? Xheg( pm?e Q’ltf;)g%}eﬁck %%}g@l’%%i wﬁla?eg&td %‘aﬁdlh& M\h

iamet er I's given by EQ 12. If,
when t he 5peﬁ“£?”§'“ﬁt§l’m £2- I‘tfsé’da’ﬂlf‘tlﬁ‘eserﬂ?rélta%i‘ﬁ]l‘?§°s1t‘?'t?ﬁﬁh‘f%‘é’tPr‘ﬁ“HS 6788 0F t he wi ndow
(i.e. I AB 1) is Thevdclucion tig Sengelimingtio gt pirne @inSs herefors diveebyHid29{ 0 t he center of
the w ndow (i.e. ’fhe'@QoJf)omltlﬁ pgbt\ﬂﬁﬂ tﬁ%cg’@ct:k&ntls\w&ﬁmﬁdﬂesﬂ%anénﬁal Sﬂlénétlﬁldltby 0,
reduced to & PREH pghinf 08 b By o0 Ry Sl B pOGUAR SR B B [ S
| FH 1) is sH@adbd %Pe*WWb‘yEE@ﬂ’SEWNPTOlB SG 52 D and a nust be chosen o)
that an #requat el yhe h@toRmat Gsei Soink 1TEE @itads Foindisl Génobitinet! h@ccaippovitt BA3Z i | t

range. The requir % 1ma£ls'f0%mhﬂ:| t&@&k@c{y aﬁﬂyﬁ& thk ﬂ?ers%f@r@ tdg %‘alﬂbr“@ﬂ r@éﬁorEQd 4, while

the wi dth of the act ual is the ives EQ
16. Once D Hftfided foe verer %‘i’rﬁgﬁwt%"““’éf?ali‘ gp‘”“eﬁ"s%"’}{d tJrge(gs% it oPhta entetr 9’5]% chosen
so that t he cdnfd grintingag evaceiis. 011@6&!149@1@&?9@%%‘9@% i.e. that the maxi mum
feature frequencyTisSs Samli@d tdihe g Sabhykplibcsdon, lafiinlied by hd @B, to yitlie ribtsaged,

the scal Oﬁﬁﬁeg%sﬁlﬁerlﬁc%ﬁm%@%g%@% S ég@é,#‘,l ncreasi ng distance fromthe

Vi ewpoi n ncr easmglncmalon relative to the_ view

Both factors have™ ¥ ¥l PP Osriondor B =y I e =8 A %te oint H
f or negat i vetationk 4re simplyahe iperset ¢fehe s ditcrefe pptatidng With thatowte Hitgivalsh mggding ﬂlb?ﬁe‘tf

\Qi 3hvvpoi n:] fnf@h &N as of b @%&fﬁ@;@&i &ttgthé Rt His, ai(%@hx{e@MﬂEQg’.li: d:]gseuﬂwﬁem appl y to
en t he P'f IIEFEREH@%I ¥ﬁd. e dl stance of pol nt romthe vi evvp0| nt

(i.e is given caling due to the inclination of the
surf ac e %I ative T*@ “Paﬁ‘e"f\ﬂieé% drrgpryralyPy (s gy TS cpaing perepectye Aisfortipr due fecer g

t he surf ace pdsiiatadd @ieddtiapo@ieygescsof withhi@pecttd i 1@NQd the pespsetivagrestsfobhe terage
frequency W if nngée s;ﬁce aWelElh de e@&'@@&gm Le%pgcm tern!;f@fanjs 9 rre ¥ 528Whn Qﬂﬁg ttleQweb-Ot h

factor5|s ven % %ﬁ en there is ec ane t tlts(e :
this regﬁ&rg%odte tﬁg :6mg té)urt aé:e %ng hnéaée space pomb airs t‘[‘]bcp <!hsc I gﬁns OIIn SI fe d tO

| mage at | eabith givqdsedn thp imeeafitheifogipre FQ’I@TBW%?Y“‘W’@W ang; ayfeteof S“P‘H‘é““"?i‘? R‘@Tlineﬁfenm ty
of the i2BgequaRRSOsbingd byrtqfathzprrasiondiig Sdrmd iAEG @ortd@at@niisfoen fiid @lechergpetivi ew at

maxi mum fr e%ﬁ%YS(ﬂvathgs% Qqugt{ensa}m lﬂ@'hlsgréteell‘agsfoglﬁ stéf)k Q&Wcl'l Bclﬁd@ﬁg @esﬁeﬂ%%ﬂ’@ﬁc 2ce,

an i nage sensor V\Ath respect tO
9 from the mb 3D tag(rotanen and vie mpoﬂ%et Eom tLes r}ace P

8.4.1 Modeling the Tag Transform
The transform of the tag 4 from tag space to image space can be modeled as a concatenation of the

30  following transform steps:

. x-y translate (by tag-to-viewpoint offset)
. z rotate (by tag yaw)
. X rotate (by tag pitch)
. y rotate (by tag roll)
35 - z translate (by tag-to-viewpoint offset)
. perspective project (with specified focal length)
. x-y scale (to viewport size)

These are concatenated symbolically to produce a single transform matrix which effects the tag

transform. Table 7 summarizes the discrete transform variables used in the following sections, together with
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the optical axis of 0', and a sanpling rate of n (where n ? 2 according to
Nyqui st's theorem), the mnimum 20 imge sensor resolution q is given by
EQ 21 and EQ 22. The cos-squared termin the nunmerator in EQ 22 results
fromthe sanme reasoning as the cos- squared termin the denom nator in EQ
19. When there is no inmage plane tilt (i.e. 0 = 0), and the innage space
and obj ect space angular fields of vie# are equal (i.e. a' = a), this
reduces to EQ 23 and EQ 24. 25 Wen there is no object plane tilt (i.e. 0 =
0) this reduces further to EQ 25. When the inmage plane tilt and the object
plane tilt are egyaclhva(nable o' 0), and the inmage space and object space
angul ar fi el &S Vi eW ar e equal (i.e. a° = a), EQ 22 reduces to EQ 26.

Mat ching the image plane tilt to the object plane tilt therefore yields a
snal | er requssIen DissRgaransiomsGirialiészad tHeirmangeen t he i mage sensor tilt is

fixed at zero, and elim nates perspective distortion fromthe 30 captured

i mage. Var i nsor tilt | S however a—relativelv——ecurl y Opt| onin
practice, apd®i@P¥o W nes gr'é%ﬁ"E'P dept h| of Upif ) . Fkaé‘ﬂ?e 63 illustrates
c relati

t he geonetr i onshilp, for a given rolltandfermt ¢d tilt O of the pen's
optical ax[s, betfeen Tie pen Syt b (pol N AJo the PeRyS20pt)i cal axis
(CE), and t pefieldof—ilew window{FH)——The *b'* 5 ﬂ"a: A—eief i ned to be
cl ockwi se ppsi i ve| from fhe vertP'E?gI Wth t he exc=ot’f’% BEQ 13, the

precedi ng 3p eguatj ons apply equabﬂly to roll-i ﬁduc<=d—1ﬂ44\m<w4:or roll-induced
tilt the di ptagceS—fxom Lf!‘é‘gt{dlv?éwﬁoﬁht*a’%etce tergof—the wndowW (i.e. | ACI)
IS zerorat:pe-r—t-hean—ag—de-f-l-ne 33 Eor—pit-eh-rdueed—tH t, the

magni tude of tHe thilt ranqeaqtgvﬁg@?'"m%é’@ by chdosifg a i ni (negati ve)
tilt and a paxesruny (p@si fi ve) winecf i ch have the $amd SG@age sensor

requi r enent g;ngce, BT i TCh-FgYaws- SG 5p | Bauc ,a 11|drj$1tne surface is
more di st an 1 tilt than—for nn~|1'|\ln i of the-sane

magni t ude, §h&ni i ﬁ%m has a &8P nagni t udd than tohg“r'?am hum For
roll-inducef tsinbt [ he§ have t henesdpishnagni {ude?® As|destcsibed pbove, the
shal | est feptgges—of—getay 4.@h&ortdie StT Tt U es Wi giTencode the data
bits, and _hﬁ_sihm&a_r nninum dianeter of 8 dots! This_.gives a nmaxi num
feature frefuési¥y f of apout 7.58¢pEP! nm 5|at 9600 dp|1<’75§1ca cul at ed
according tp E® 4 fbove, anagatquleh;aiiretafsettr angular itili/rg of P56-dot

di anet er tapgs—/wth—ro—oyert steresstve—iines,of —taps requires a
m ni mum field 157 v ewyvu ndow%%ﬁ%c%yzer?@gn the _surface r‘)j ke"%fm ots, or about
9.5 nun at [L60§ dpj . Mbsf peoplPdPHSFA a pep at ~abolit +30%itch and 0 roll.
The inkirg bDal'tT—of a pball-point nib Toses 10 efféective contact with the

surface beyond abgut ].ate%g%ggne?a?pang igordl%%}s%a%ﬁe%g J‘é?]ﬁhzz‘?”t al). A reasonable

target pitch range st a'reasonabl e roll range
30 to +30, bear i Rty aoua b oecepdingodiQ 43yt CatorB A L5 ®bEret i t ch and rol |

as given by EQ 11Rrotaldugoubti tgbkigor@@NPEXE45 (HereE~ton@)andVisistis BivihgE@ED | mage sensor

(Mat sushita El ect Sout erb S=d | vik Q@{;v Rk
Itakura Nobugtg a% W%@&%QE 4%}3%%3%@9@%@%’%&&1 5B h mm 50k-

15 Pi xel Ta‘@éﬁ ALy BRABTEQYr M niature Camera Systent, | EEE
Transactions on Er@@hmmmbﬁz@wnee@lpSvo’?htre&?z};gi\rm@ﬁé?- 1, January 2000) is

suitable for use pdpdive PRRAGEN LEY ik 15448 ProRSioPpIRAE A2~ decdlBg tAUQ BV@hdrabl €
J=1/A), giving EQ 54.
Scale to viewport by § according to EQ 55, giving EQ 56.

15 Transform a point in the x-y plane {z=0) according to EQ 57, giving EQ 58,
Finally, expand K and L, giving EQ 59.
8.4.2 2D Perspective Transform
Given an inferred eight-degres-of-freedom 2D perspective transform: matrix as defined in EQ 60,
multiply by an unknown i to obtain the general nine-degree-of-freedom form of the matrix, as shown in EQ
20 61
Transform a 2D point according to EQ 62, giving EQ 63.
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resol ution of 215x215 pi xels. Assum ng equal inmage and object space angul ar
fields of view, no inmage plane tilt, and a nib-to-w ndow distance T of 4
nm optim zing the geonetry using EQ 16 and EQ 24 to achieve the desired
pitch and roll ranges stated above yields a pitch range of -16 to +48 (64)
and a roll range of -28 to 20 1-28 (56) with a viewi ng distance D of 30 mm
and an angular field of view of 18.8 (& = 9.4). The available pitch range
is actually -21 to +43, and this is napped to close to the desired range by
pitching the optical axis at -5 relative to the physical axis. Note that

the tilt r o X ed sllghtly by optim zing a non- zero tilt of
the i nmage p ane 5},’1}%,,“%&9 nfinsm is thus confined to an elliptical

cone whose Haf-br EaH@ﬁ“ECP%fFGQI“?n the p| tch 25 plane and whose ninor angle
is 56 in the rol [Eqpligae cocffibend NBQYD SEMGioBGeista hiEQPE esitein BQ SUNP@TA =idd i n

Tabl e 5. Tlgrgln&ﬁ';}méqmglﬁmg,g vari abl es vari abI e rreanl ng a (bj ect space
field of view half-angle e, space | d of yiew ha Pen yaw

0 Obj ect Opl ane t il pyaiges aE?\f‘é?’E fd aﬁé"f‘?"'feii I 5 g mﬁ"mTemc j Pen pitch
V Pen rol | qwirkefankmie (lfe#@qméspsmewf oy ek of yeyts pi{eh @WO‘IWY‘@TBIH 8@754 D Nor nal
Sampl | 70 12 @ RS SENSOT 1 6501 U1 On DL StARCE 110 nib {0 center of
fi rer}:)d 019 Vi e‘%ﬂ%ﬁ{msmﬁrgﬁécég S (vvhen 6 = 0) Distance fromnib to edge of field
of viewon T surface (when O 0) 8 3 TAG DECODI NG 8. 3.1 Tag | nmage
Pr ocessilig &fd2 Daoumgﬁgmgﬁéenage processing is described earlier in
Section 1.2.4. | tnwwwﬁﬁlﬁﬁedmg&m%ﬁﬂqes fafgwé 1E1?752a£a theDEQ 8. S pect ive
}:);?].H_Sr]; g::]rsr:c SPIT;[ he IEQaﬁg can%e sm‘ﬁ?hed using Ebf}?an%&%g% aive 1?(977 anaiftf’flen Eé’ﬂ?‘ Inferri ng t he
EQ 72 can be simplified using EQ 70 and EQ 71 to give EQ 79 and then EQ 80.
EQ 76 can be re-written as EQ 81, and EQ 78 can be re-written as EQ 82.
15 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.
This therefore gives the x-y offset of the tag 4 from the viewpoint, since 4=z, and B=t,.
20 8.4.33 Solving for Pitch
From EQ 68, EQ 92 can be obtained.
From EQ 67, EQ 93 can be obtained.
From EQ 64, EQ 92 and EQ 93, EQ 94 can be obtained.
From EQ 65, EQ 92 and EQ 93, EQ 95 can be obtained.
25 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, EXQ 99 can be obtained.
-From EQ 96, EQ 100 can be obtained.
30 From EQ 97, EQ 101 can be obtained.
From EQ 98 and EQ 99, EQ 102 and then EQ 103 can be obtained.
From EQ 100 and EQ 181, EQ 104 and then EQ 105 can be obtained.
From EQ 103 and EQ 105, EQ 106 and then EQ 107 can be obtained.
EQ 107 only has a valid basis if G and H are both non-zero. Since lyl < W2, the cosine (G) of the

?’ relatmg {qg ls?e

35 roll is always positive and hence non-zéro. The sine of the roll (H) is only non-zero if the roll is non-zero.
Specific handling for zero pitch and roll is described in Section 6.7.3.10.
This therefore gives the magnitude of the sine of the pitch, since F=sin(¢}, and hence the cosine (£}
of the pitch by EQ 73, according to EQ 108,
Since J < 72, the cosine (E) of the pitch is always positive, so there is no ambiguity when taking
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Once the 2D perspective transformis obtained which accounts for the
perspective distortion of the tag in the captured i nage, as descri bed
earlier, the corresponding discrete 3D tag transformw th respect to the
pen's optical axis can be inferred, as described belowin Section 8.4. 10
Once the discrete 3D tag transformis known, the correspondi ng 3D pen
transformcan be inferred, 1i.e. the traansformof the pen's physical axis
with respect to the surface. The pen's physical axis is the axis which is
enbodied in the pen's shape and which is experienced by the pen s user. It
passes through the nib ti onshi bet n_the and the
optical axi gqga“l Pq* Jgisﬂgﬁf’fé}%f S’i“'ﬁ(?:\: Gare™ Efgd \14\5% 5}5{/%'3%1%?%%“%%‘11 %‘%S%m%e three
coordi nate $paBes. |In sensor space the opti caI axis coincides with 15 the
z axis and the thevairaMgrOihefitch iSthabbriilke, s@biigh thEQ LY. pen space the physi cal
axi s coinci dgs 4 WE%H‘@ ﬁolﬁx' s and the nib is at the origin. In tag space
the tag lies in_t Wth its center at the origin. The tag

t ransf or transtfF‘ﬁEQf%equﬂﬁcaﬂbﬁ‘“PB‘ﬁ‘?tag space to sensor space. Sensor
space is illustr afredEQ M, FQgUrel 184 EQ TReabahieikd ng of points in Figure 64 is
consistent with t'ﬂﬁsthel'eﬁ)kk vles'ﬂﬂglaé'nﬂudgbmrsﬂeo@aemﬂ-lﬁﬁce%ﬂm%ﬂkmb&e @EmeEG) t he
sensed poin " 11z%t 3 il ‘ﬂ is at A. The intersection 20 point G
bet ween the°ot!bet’? FyF Xf‘cscmar%&“]% e surface is referred to as the sensed

poi nt. | n cont r asSinoiu frtithe cessp e efithe o1} if Py ratitee 57 Here UAPRISED “FRER t he ni b
i S consifer edsqasc Bot. T84 sith of RQREe), Beventt, Bus 1% deRBiddesIRtmas, B dsumtd in Secipher e. | f
the nib is gygyed, then the tilt of the physical axis affects the offset
bet ween t he sensed point _and_the contact point 4bet ween the nib and the
surface. The cent EFSoPHE “Rgfs e uptierital "Ri'l’ about which the physical
axi s pivotsg4idd reédléngfodYawo as the pivot point. 25 The nib nmakes nom nal
contact with the shkas£Eab: PEEGY3, Aow3an MheQ oElinvabbtaxd s is vertical . KA

is defi {?d to be Qn?‘ﬁ?b andE(%Q]fH&ﬁll?B%kh&?éqﬁ%&aﬁbeomgéa the pen is tilted,

however, contact 1S 65. Gven the radius R
of the nib, the deglﬂﬁﬂeganﬁFQfﬁeE%l%‘F‘hﬁb‘?W“?%“ Pe8HEPhe surface, e.g. at A
or L, is always mhtEQ lThmddmmearmaglzwmgﬁmnsquwetoueteistemﬂnelw*hampﬁti on of
the tag cent %cﬁc&ﬂ%&i&ﬁmﬁ%&ﬁﬁés@ghﬁ&mﬁhe 3D 30 tag rotation, and the
translation of th nsed romthe 0i n NPTO G ven the
translation d of tH& GCHRCEN" ﬁ’h&‘*‘&"?‘%’ﬁ*ﬁ?dh)& 3:?%““3 '”hﬂ)’ithen%ﬁﬁ%ﬁ‘gcr ete tag
transfor?f and a@ueﬂﬁnmfflema“ﬁiy@@mtﬂﬁecosdeﬁ@@@lﬁhl nt is given by EQ 27.

Si nce the plgysiec abordig for MaWyoreBchleer s fromthe optical axis by a'y

translation and X1 cg)s%g éagnd( dite ?D) of Hiekﬁ.‘hgm byt Jgﬁutgp}{éér%ﬁ,dultaf%hsﬁ( ZLI{') %cé tﬂe the y-z

pl ane. Wth reference t g % 5
(just as i nowEingH &f typitch iy qovey éer"c‘f“eeéFQt“ﬁé‘tEq ?’? cé%thgé%‘fm o116 bé "Teflﬁ? 6%5“““?| on of

t he pivot poiewrticgle@-ven by EQ 28. The vector fromthe sensed point to the .
pi vot popmt is ttheJr@,{@mgLemanbgaﬁaﬁﬁcan'Eh&tmt or fromthe pivot point to

t he contact point smls)eyif?%f |H%Bglﬂ%rllﬁo%‘ﬁ§{s lﬁgﬁﬁ/%%mm Lf length R OIt is

constructed by ap E a tag space surface
normal , nor §d3%i7zi AYVinH F‘é‘?l}fef‘gthand scaling by R as shown in EQ 30 and EQ
31. 10 The vect or sini@msintkeahesens €Ch 9d O it itrevet e, G EQCO opbR Al cap e wsdddn

obt f" ned i " 8GR0 HAaneSs: fwaltlagt’é@ Seﬁong as-lemmsthé p%t%lto'f RN heH B! d—!olv@ter@thets%& sspace bé
appylngiel nsf or rotati ntF%th neadde
to the vett 6‘?‘35?}/%’?1{3} g‘ ?‘3@*"‘85’@ ?‘?o e@(s’weeﬁeéfe d S5oin e’pm?ﬂ 1 I!D SR %e vect or
from t he tadeeishardrollisgiveriyEQ 103, as Shownin EQ 126

The sign can be assigned arbitrarily to F, since the sign of J is known a prioti. If gi is 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.
35 In practice, the choice between using EQ 127 and EQ 128 is based on which of gi and Ai has the

Iarger magnitude. The inverse focal length is unknown if gi and /i are both zero, i.e. if the pitch and roll are

both zero.
8.4.3.8 Solving for Z Offset
Once the inverse focal length (J) is known, the z offset (1) is obtained from EQ 86, according to

NPT013-8G



contact point in tag space, i.e. on the surface, in accordance with EQ 33.
This is finally added to the tag's absolute |ocation, as inplied by its tag
ID, to yield the nib's 15 desired absolute location in the tagged region:
see EQ 34. The final step is to infer the pen's 3D orientation fromthe
tag's 3D orientation. The pen's discrete rotations are sinply the inverses
of the tag's discrete rotations, wth tde pen's pitch also including the
effect of the pitch (0,n,or) of the optical axis with respect to the pen's
axis, as defined in EQ 35, EQ 36 and EQ 37. 8.4 | NFERRI NG THE TAG TRANSFORM
20 The image of the tag 4 captured by the i mage sensor contains perspective
distortion d%*o the position and orientation of the inmage sensor with
respect to the tageainChrreffetd iyyekmeymaiieiinyesetion! ifeghd /) dfunknpran, iedtfegitd wdfdiund i n

i mage space are8déh Roght - degr ee- of -freedom perspective transformis inferred

based on solgyi.ng bggm\ﬁﬁ,{dﬁ"emegfgﬁ&qqdﬁgﬂjatl ons relating the four t ag- space
and inage-space point pairs, discrete transformste lg(%]&ﬁ\;%/n% gl ve rise

to the imge of tHs S‘E‘aﬁ ‘héPréd“&‘(Slf:f@ StsTReseGheRiHiet TS BT &Y
si mul t aneous: wAOAroli kamEnt F5 w8 GuIAt indRisced © eolxt Ak PR S alyyyseopivat wﬁgut@rmahﬂaewaondl ng

terms in the, Coﬁaaﬂaéshﬁpﬂ@& QG el theARP IREMAD ShirdadldRa, RONSPEE! ihY §en of hSE (9SOl Vi NG
t hese equati ons, ds the discrete transform steps, which include the

desired tagp’fﬂhf’ t fromthe nib, 3D tag rotation, and vi ewg‘(‘)l nt of fset
from the surface. Ti®roll.adjusiserds itiagnoadisefotivy TRigHeoft srRISTRREerte fosf el 382 t he t ag
4 fromtey S0 ak 6l doRRGE 2SPRERI. OB thefhDdelxetasl meRRDat-@adtetanfoof t he

30 fol I ow ana&‘L{ al‘l"]f:S 1];1\% 5Ll oP Ihg %§Wport é:alx fgcgl%gd'l %j@cﬁérpsym 4 ﬂ‘gls];tlgn We kdthe 9 f SEL)

z rotate (by x_rotate (by glo é 8%/ gﬂ %m agnroll) 35
z translate n’(“ﬂi‘/mt“'é{@’“t"@e’vThéWHGihﬁFnebtf”fﬂé?é P “B%?r BaEYng & B CWItH

speci fi ed f aew@k Theavigpita) and yaw-aye coupatdes (dsaibed] Sinptrroll ispogitivg, tFtpich diregtfop is now

C?}[‘Cfiz enat e(ﬂ?cﬁv}{ Rok4 raﬁédjluaﬂn&ﬁs ﬁﬁx@%@&m@ﬁ&hm&ﬁo éu{e@fa&fn@lrrm mat ri x which
effects fhe tag d

vari abl e £§1used i n%??ghef“’ la{B W ri’é"‘bg%é i tl(%llnso‘“"[Iln dzogﬁsadmsbﬁt%%%?d&g%g{% t he
range of ea@hpveHvershfndhis g Bipreis Fo negs) tedjug fhgof F"&ﬁ@‘flﬁttﬂfﬁ“‘?ﬂa’l‘ TAFEE A t hei r
ranges Vari alalseoAblanamg zédancingdBoilt Range transform y - yaw 0 0 <y<2ic

p' tch 0 -1d2<0<7r b&%en clthef tQJf Aﬁch e 7R st ?I;la%émraltsb(lutﬁl {284 ot Bo Yé7eRRs Aband. T8 f set .0
0]

B tag-to-viewpoint
ty 9- table of Figure 85 s}%ws the 12 (}egenerate forms of EQ 64 through EQ 71 which result when the yaw is

20  variously zero (or %), W2 (or 31/2), and non-zero, and the pitch and roll are variously zero and non-zero. The
table of Figures 86 and 87 sets out the required logic for detecting and handling cases where the pitch and/or
roll are zero, with each case motivated by zeros appeating in the table of Figure 85. The cases in the table of
Figure 85 are labelled with the case numbers from the table of Figures 86 and 87.

CONCLUSION

25 The present invention has been described with reference to a preferred embodiment and 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

30 by cross-reference as appropriate. The scope of the invention is only limited by the attached claims.
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'cosy Ccosine of yaw1l -1 < C<_ 1 siny Dsine of yaw0 -1 <D< 1 cost E
cosine of pitch 1 0 < E51 sint Fsine of pitch 0 -1 <F <1 cost G
cosine of roll 1 0< & 1 sint Hsine of roll 0 -1 <H<1 4/
tag-to-viewoint z offset - 1<0 1/7, J inverse focal length - J> OS -
viewport scale - S> O 5 Translate in x-y plane by t, and ty according to
EQ 42 (where At and B=t,). Rotate about z by y according to EQ 43 (where
C=cos(y) and D=sin(y)), giving EQ 44. gpotaate about x by t according to EQ
45 (where E=cos(t) and F=sin(g)), giving EQ 46. Rotate about y by t
according to EQ 47 (where G=cos(t) and H=sin(t)), giving EQ 48, where K 10
and L are f'I by EQ 49 and EQ 50. Translate in z by t, according to EQ
51 (where I'S), 7 giving EQ 52. Perspective project with focal length X and
projection plane at z=0 according to EQ 53 (where J=1/),.), giving EQ 54.

Scal e to vi,ewpor S according to EQ 5 i vin 6, 15 Transform a
sornt 1 n 1 Heiaiheddr R pSet e it e g Ryerrontitadt 85 L 5.
expand K apgmputefipstdns] (RSP intBradtich BénEOlasfitekbe Surfes pARIGn\een an
inferred ei ght-dedgree-of-freedom 2D perspective transformmatri x as defi ned

in EQ 60, prntedinpidja, (thye printad knediehavingpritteditheraona pierality0f tags, each tag

ni ne- degree-pf -freedom f f _the matrix, as shown in 20 61. . Transform
a 2D poi nt "MEeSng2TIqYs I%rd’ ?pawwd&aéﬁonﬂg%ﬂ@&dggedlgﬂw cfn_nf_erri ng
the Tag Tr m&gim&téd,%ﬁqsﬁﬂﬁaﬁimﬁﬂ%%g{dn%wc%tﬁe ik NetatddearkPef f i ci ent's

in EQ59 with The coefficients in EQ 63 results in EQ 64 to EQ 72, being
ni ne non- | icodeslrvabmuthe nmtlsod coniprisingdhowieps o8 These equati ons are augnent ed

e RN RN ST NG S e
e ML L
8. 4. 3. 2 Solintemactiearlerfents & bsptintBfoh hecprmtbemediapl i fi ed usi ng EQ 64 and EQ
65 to give EQ 75 pxaiplgngt %nmt%gaZeGS'urface onto the printed media;
interacting with the printed media via a sensing device;
sensing via the sensing device a tag printed on the printed media; |
determining from the sensed tag the unique ID of the printed media, a
region of the printed media in which the sensed tag is located, and a position of the
sensed tag within the region;
determining from the association an interactive element corresponding to
the unique ID, region, and position determined from the sensed tag; and
operating the computer software in accordance with instructions

corresponding fo the interactive element.

2. A method according to claim 1, further comprising the steps of:

the sensing device generating at least one of movement data and position
data using the tags, the movement data being indicative of the movement of the
sensing device relative to the interface surface, the position data being indicative of
the position of the sensing device relative to the interface surface; and

receiving, in the computer system, at least one of the movement data and

the position data, wherein



EQ 69 can be sinplified using EQ 67 and EQ 68 to give EQ 77 and then EQ 78.
EQ 72 can be sinplified using EQ 70 and EQ 71 to give EQ 79 and then EQ 80.
EQ 76 can be re-witten as EQ 81, and EQ 78 can be re-witten as EQ 82. 15
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 sinplifying yields EQ 87 through EQ 90 and finally EQ 91, which
defines A This therefore gives the x-gqof¥set of the tag 4 fromthe

vi ewpoi nt, since A=t, and B=ty. 20 8.4.3.3 Solving for Pitch From EQ 68,

EQ 92 can be obtained. . Fro 67, E C be obpt ali - EFrom.EQ 64, EQ
92 and EQ 93, EQ 4§g%t e %F%QFWE .efgﬁ%garﬁ'@%hﬁg?mﬁﬁ?@gggsna&s%%ﬂé? EQ 95
can be obt gidRiermigaiondTThd¥eion anf PoffoR b tHe@eflsed tH2 96 can be obt ai ned.
From EQ 71, EQ 92 and EQ 93, EQ 97 can be obtained.  From EQ 94, EQ 98 can

be obtained. From EQ 95, EQ 99 can be obtained. From EQ 96, EQ 100 can be
obt ai ned. _,30Q Fr EQ 97 101, can he obtained. From 98 and EQ 99, EQ
102" and. 1 hanAdeRobaaiihe ROUIE hothercin BriBoR iR BIGERstRIL 10 and
then EQ 103risaRs bethe Mwgit@burfafd, oM EQ 103 and EQ 105, EQ 106 and then EQ
107 can be obtained. EQ 107 only has a valid basis if Gand H are both

non-zero. Since IW < 7d2, the cosine (G of the 35 roll is always

iti d,h - . .Th [ .of t.h |1 . [ I - i f
Phe rol | | 8 Adneba BRordRER SIFE haaFPRGATbPesarE B Th | 1o
descri bed i,sReGiP Indiffreatid@d E)?ké@ﬁ%@& PEISHEH 268Ssel HEpra®IGidingle of the

sine of the pitch,” since F=sin($), and hence the cosine (E) of the pitch
by EQ 73, acmaraliimagk positips108. Since <id2, the cosine (E) of the pitch is
al ways positive, so there is no anbiguity when taking ',. NPT013-SG 58

the square root. The sign of the sine (F), however, nust be determ ned by

ot her neang, I i i ; \ pitch is
t hen obt ai §e%%%tg€%§{f?ﬁgg% %J%%ﬁg%éﬂ{b r%ﬁzﬂ%gbf%gﬁ/u:éﬁgxgsoe?{%ﬁi al%lgl%rlgm EQ
103, EQ 116t leas pheiatibidaicnathed by oo (Sitiod, ofthg inbik eldivehethek@ dfl2 can be
obtained. This therefore gives the magnitude of the sine of the roll, since
H=sin(w), Bredetsepbgd ppminad magkrpsyionsgf the rol| by EQ 73, according to EQ
113.

6. A method according to claim 1, wherein the predetermined nominal mark

positions are arranged relative to a plurality of nominal lines.

7. A method according to claim 6 wherein at least one pair of the lines are spaced

apart from one another.by a distance of less than 100 millimeters.

8. A method according to claim 1, wherein the marks have centers and wherein the
relative spacing of the centers of at least one pair of adjacent marks is less than 12

- millimeters.

9. A method according to claim 1, wherein each mark has a minimum radius and a
maximum radius and wherein the length of a mark's minimum radius is greater than

40% of the length of that mark's maximum radius.

10. A method according to claim I, wherein any 10 millimeter diameter area of the



Since W <it/4, the cosine (G of the roll is always positive, so there is
no anbi guity when taking 10 the square root. The sign of the sine (H),
however, nust be determ ned by other neans, as described in Section
6.7.3.9. Gven Gand 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. 15 From EQ 92 and EQ 116, EQ 117 and then EQ 118 can be
obtai ned. From EQ 92 and EQ 116, EQ 11gparfd then EQ 120 can be obtained. In
EQ 116, and hence EQ 118 and EQ 120, the sign of the square root is

det er m ned L -which n. he .det er 0, giving EQ
121. Si ncec?g‘:(dt‘;l% 85??(/ ?ld}?@%ﬁﬁﬁ%mﬁg&cﬁs aoe %uﬂﬁgénﬁ%‘%ecause t,4 >
T ,), thenidamadnohelidsmtify & ikleMBd urbd D, the yaw is then obtained
according to EQ 123. 8.4.3.6 Solving for Viewport Scale The cosine (C) and

sine (D) of the yaw are by definition never simultaneously zero. Since the
cosine (E) ;of ,th tch J.s er.,0, .eith 0 68 cap,therefore
S vays be dbeh TEnGLeEPiRe A {itieRehy 10 palfeigte Gumpletiied Sk Ser o
then from GeIdidatERdiddveannbat Ié@ét%h@%feren@ hfSBe itérfdecisarta@n- zero, then
from EQ 68, EQ 125 can be obt ai ned. .4.3.7 Solving for Focal Length

Simlarly, insilydse sefficienbiniformation t@fdenh‘ér thelat least omeveferenes pointei t her EQ 70 or
EQ 71 can be used to determne the inverse focal length (J), so long as
either the pitch or roll is non-zero. However, the signs of the 30 sines

(F and H 0% AB©etiid &80k foUdim B Yy Hipdin Bk ﬁfk?%ve@&%ﬁ?fsaéﬂé@kbﬂxgn of the
product (FR) of the sines of the ‘pitch and roll is given by EQ 103, as

shown in E@dﬂZﬁlatﬁtglm &lﬂgnnmater beftwars] tha eccthodintiudinig the StepsFQf 1dent1f§,-1nghe sign

of J is kno a priori. S non-zero, en fromE 70, E can be
bt ai ned. | tha sofibu istesh. st the pity B citeied o hapdhdiasen 35 In

practi ce, %ﬁ@%&%ﬁ@%&&&gﬁ@gﬁ%&hﬁ%%@% bﬁa&%ﬁ %ﬂm'ch of

gi and hi | ar ger I‘nverse I'ength 1 s unknown if
gi and hi theehbdiboxtreid, i.e. if the pitch and roll are both zero. 8.4.3.8
Solving for Z Ofset Once the inverse focal length (J) is known, the z
offset (1) is obtained fromEQ 80, according to NPT013-SG 59 EQ 129.

Agai n, they Eﬁﬁ Q[lf;;ﬂ[‘ﬁ () is
unknown i _} &}4 de(ch);rdﬁ tgn V‘% mcéédgﬁ%&{é\é%?e&gg& ?ah.l geig Qt er m ni ng
Direction crfmﬁntélcdysﬁ:ﬂﬁ alﬁaielvaﬁle'lih&l thegheckfbok fielqar oduct (FR) of the sines of
the pitch and roll is given by EQ 126. Since -rrl4 <ty

14. A method according to claim 12, including the step of sending, in the computer

system, data to the computer software indicative of at least the checkbox field.

15. A method according to claim 1, wherein the interactive element is a text field
relating to the computer softiware, the method including the steps of identifying, in
the computer system, that the user has entered handwritten text data by means of the
sensing device and effecting, in the computer system, an operation associated with
the text field.

16. A method according to claim 15, including the step of converting, in the

computer system, the handwritten text data to computer text.

17. A method according to claim 16, including the step of associating, in the



/' <rr14, aroll adjustment of +7r/4 can be introduced to ensure the roll is
*/ always positive, without invalidating any other assunptions. Once the roll

i
i
/

adj ustnment is introduced, EQ 126 gives the sign of the sine (F) of the
pitch alone. The roll adjustnent is introduced as follows. The vi ewport
scale (S), inverse focal length (.n, and z 10 offset (1) are all conputed
as described. A 3D transformmatrix is created fromthe 2D perspective
transform matrix. The inverses of theggi éwport scale, focal length
projection and z translation are applied to the 3D matrix in reverse
order. The ' ' L. e re-mul tiplying the matrix by
arldy rotcéﬁpgﬁe?g#gﬁ’ﬂg?&ofhém%gﬁﬁ @gﬁﬁ:%t%’étﬁ%c@aw are conputed as
described. Since the roll is positive, the pitch direction is now known.
The rr/4 roll adjustnment is finally subtracted fromthe roll to give the
actual rol 18. Agneihedacepudingia claimyhiinelndiag thesiernofaending;insheg eamaputerengt h and

z offset ar t own_as, described,. above, .However., in.this case there
is no need” %gﬁﬁj@aﬁésjgbk@ R SOTPBIer §°ﬁﬁga§eflhdéc%ivf’ e ﬁatéﬁ%s\fﬁbq tFXtﬁegd‘al ready known.
8.4.3.10 Handling Zero Pitch and Roll When either the pitch or roll is

zero, the 3ener al solution based on EQ 107 becones invalid. The table of
Fi gure 85 dRofgnethed aczordingiocalzimel §, dngiudiog tieGtgvofidenvertihg, HOt®L whi ch resul t

T e o il S Sl Yo e o han i 00
Fi gures 86 hamdvStingsiRbSpnRtitn prograbequi red logic for detecting 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

Figure 85 gre,label]ed with the case nunhers fromthe table.of Figures 86
ond 87, - corbgied Seoig dunt ThetR AR A S S AL |
reference feldreRtinh & theLoRPRRA LoBNEr aﬂ&@nﬁ%«!ﬁ@é‘ﬁg RbingtRESLhd &F igd tive
enbodi nment s. Hgvvev%r, It WiBP| be apg’reci ate fl tﬁ‘§§§ gﬂﬁﬁft‘elg I|;n t e

rel evant firethdsomipater systamythatrthe fisep hhe entercl @diandwtitten sipfiftereitlygnéanem t hose
specifically.described, wll also fall within the spirit and sc¢o of the
present i ngé iswlngﬁg%'&ecﬁ“ﬂ@f%?“‘il& igfhe mﬁé’“ﬁﬁﬁéwgpogﬂoﬁ%%tfoqﬁéoqlﬂ&inti on is
not intendg,qlthttﬁeg?nadﬂerﬂeq&d to the specific enbodi nents described in the
present specificaflion, tncluding docunents incorporated 30 by
cross-reference as appropriate. The scope of the invention is only limted

by the attsfhed clajms. NPT013-SG 60 CLAIMS 1. A nethod of enabling users
to interactl v rdingdgrclaipy 20, inshwding thestep of vsHpiRs An heoEmUtehe user
interactio ] LA | Nt rface printed on a printed nedia, the
printed m&sﬁgg?t\r%@%%ﬁ%égpﬁggg%g%gﬁl urality of tags, each tag
indicating a unique ID of the printed nedia, a region of the printed nedia

in which the taeg_lis | ocated, a position within the region at which the tag
i s | ocat ed?2-gh#pethodaserrdingdp ghaimzd , ircluies e sspicfigeserating, &2 es of recording

an associ at | on . Unj e printe i n
descripti o%drgﬁhtg‘ﬁ% i nnat-%iltrd1gl g%:nénelséjgf %gg,&&ﬁgﬁgslggc Fﬁﬁ%ﬁ%ﬁ%ﬁdfnag lﬁaﬁte
posi tion odata inicstiae bf ¥ Gatk an®oE $allie oD 1Rdtiont GdldR]atdiEtoAhd B3mhputerdi a;

printing the interface surface onto the printed nedia;
software.

23. A method according to claim 22, including the step of associating, in the

computer systern, the digital signature with the signature field.

24. A method according to claim 20, including the step of sending, in the computer

system, data to the computer software indicative of at least the signature field.



interacting with the printed nedia via a sensing device; sensing via the
sensing device a tag printed on the printed nedia; determning fromthe
sensed tag the unique ID of the printed nmedia, a region of the printed
media in which the sensed tag is |ocated, and a position of the sensed tag
within the region; determining fromthe association an interactive el enent
corresponding to the unique ID, region, and position determned fromthe
sensed tag; and operating the conputerggofiware in accordance wth
instructions corresponding to the interactive elenent. 2. A nethod

accordi ng | al d r riSd ' ' e |)1g device
gener at i ngtzgt Rlng%g%dl%cr?éﬂ%# m%%gng?ﬂ‘k’%ééag %%%t%%cg%ie%%neng%taa&ggﬁ t he tags,

t he novenefieldhetatedroithgcimpliteitdofiergfthd Mmethod isilRdihg tHe stépe of sdundfyige, devi ce
relative to the interface surface, the position data being_ indicat]ve of
t he positi dmthsrcompates syptemhatihe yserhas antpsed athgnddeawmpishrabpmeansefce; and

receiving, 4.n | east one of the napv ata and
the positi (t)llrlle S(fég\gg 8%%%?416%%§% tfg ccfné%@?r sggtgm o f %’%%rat%%/%%ﬁétegat a and
t he positi gfthkdt drawingfisld. used in the determ nation of the region and

position of the sensed tag. 3. A nethod according to claim1, wherein the

association is recorded prior to the printing of the interface surface. 4.
A et hod aggogdi oclaimil,. el ach t . Ses lurality of
Substant | aPpyhafed Sl Eidbateibe Shuthe sl FARERGER o Sriaier,

predet er m g@flem "duf ©ahe 6RhFutBPSI W28 IndidutivOo B IBAE RSN HigTikeld.0 cl aim 4,
wherein the coded value represented by a mark is at |least partially

determ ned by the position of the nmark relative to the set of

pr edet er mi ged, non nal ositions. 6..A nethod cording to claim1,

Rher ei n 1 e LT fof AL Aftemgpoe v ePEPERE HRERE PR 1 ef at | ve to

a plurality,abulPfsieal, thd §R8%m dompYidiRs:hod according to claim6 wherein at
of ‘the |i

| east one pair | inés are spaced apart from one another by a

di stance of | essat hderfaceGurfadd privtedos a panted mestidh add hevog grintgditheredrai m 1,
wherein the

ther o 1 g LK PAYS St ers 20 LTS he LR NSy PG e
et o e i SRS RSO\ I ol bAGS  a: ol,
m ni mum r atheusg isdocateb tnd a chded valddeath th eoiprigihy a plurtlitytof sabdtargiallaxi num
(rj:'iglngts er 12@%&1{}%& ?n%(r:l?srlgois?ugorfeg r&lat?\irengo %1’ se}:l\f)]fe I;rgciieril:er?nr}%{edl r?onanla{ rlngrq;[ er
positions;
a sensing device which, when placed in an operative position relative to the
interface surface, is operable to sense a tag and determine therefrom the unique ID of
the printed media, the region of the printed media in which the tag is located, and the
position within the region at which the tag is located; and
an association recording the unique ID of the printed media and a
description of the interface surface, the association including the position of
interactive elements to be printed on the printed media, wherein
the computer is operable to receive the unique ID, region, and position from
the sensing device and identify from the association an interactive element
corresponding to the received unique ID, region, and position, the computer being
further operable to execute a function corresponding to the identified interactive

element.



62 coded data indicative of the identity of the interface surface includes
sufficient information to identify the interface surface. 11. A nethod
according to claim1l1, wherein any 10 mllimeter dianeter area of the coded
data indicative of the at |east one reference point of the interface
surface includes sufficient information to identify the at |east one
reference point. 12. A nethod according to claiml1, wherein the interactive
element is a checkbox field relating gg the conputer software, the nethod
including the steps of identifying, in the conputer system that the user
has enteredga - dr . TR fabh nsin evi a

ef fecting, %iShAt & eo ﬁg%é g %@é‘nﬁ gfﬁérgg%trhgtllﬁgrna%ggé Slm 3&%18 aKg/\Sn%f'ﬁpegt he
checkbox f ivdlita zdng of fheitdifde 8GEaedihe Gydtém Geigbohfigured € Ush 48 teaktdhest ep of
associating, in the conputer system a true value with the checkbox field.
14. A net hedtheqasitionagd the mioaementdf therensiag dgvies to identify dhe zomgahdg, in the
conput er %P(S%l?% ‘{'ﬁ%ta Lo the ctorrputer software indicative of at |east the
checkbox fierg? 15 %a%‘f%%gngréwrdi ng to claim1, wherein the interactive
elenment is a text field relating to the conputer software, the nethod
including the steps of identifying, in the conputer system that the user
has ent er ed9hAmsdistemtaceerdingyo chisma8pwhensimihe sensingdeviesgeinergtedavlces and

Flera 10, oh® pbPRERaR st psi b R RS sl sine f tReSTdstapme "° 1S
converting mdv@nfeﬁ?dat@@éiﬁ% iRficative be e héRnital gmetsbﬁé?n%&ﬁxticéi%faﬁvé & conput er

text. 17. A nethod according to claim 16, including the step of

associ at i n¢ghe inferfabesigicg, the positior datg peingripdicativecdithepasitianeofitheenkinghe t ext
field. 18. /A.nmethod according to ¢laim 15, including the ste f sendi ng,
' the confiftiey elBiyeda e Blerics Priae (6 RYPUET SHHEDIFEE SRR Be of at

| east the i@ivelat Rtk onbf the B REh AEA RO G BhtPacrbrifhd!BbRO the
step of converting, in the conputer system the handwitten text data to
conput er t éretmorsinmant data@nt] ipositioh dadihé tegivg and pogitioniofthepntegactine 20. A

met hod aCCOfdi ng to claim1, wherein the interactive elenent is a signature
field rel afi*ffto the conputer software, the nethod including the steps of
identifying, in the conputer system that the user has entered a
handwitten signature by neans of the sensing device and effecting, in the
conput er s$8t&systan foapmabling nsed isa@ctidredith soinputcheoffwageabnting fnel d. 21. A
met hod according to cla m 20, in¢luding the step of verifying, in the
conput er -§?§P@ﬁsﬁw&=%%§’s%ﬂ‘&w:is that of the user. 22. A method

according to clapmygls,daHid fhttdn %ﬁﬂmﬁ%&ﬁ&%ﬁ%@ﬁg p}iﬂteHQEereon

a plurality of tags, each tag indicating a unique ID of the printed media, a region of

the printed media in which the tag is located, a position within the region at which
the tag is located, and a coded value, each tag comprising a plurality of substantially
undifferentiated marks positioned relative to a set of predetermined nominal mark
positions; and

a sensing device which, when placed in an operative position relative to the
interface surface, is operable to sense a tag and determine therefrom the unique ID of
the printed media, the region of the printed media in which the tag is located, and the
position within the region at which the tag is located,the computer system for:

recording an association between the unique ID of the printed media and a
description of the interface surface, the association including the position of

interactive elements to be printed on the printed media;



conput er system and using a signature key of the user, a digital signature
of at least data indicative of a nane and/or value of at |ast one field
related to the conputer software. 23. A nmethod according to claim 22,
including the step of associating, in the conputer system the digital
signature with the signature field. 24. A method according to claim 20,
including the step of sending, in the conputer system data to the
conputer software indicative of at |eagg tdhe signature field. 64 25 A
met hod according to claim 1, wherein the interactive elenent is a draw ng

field related to_t.he conpu sof twar he .net,hod..i. ncl udi ng the steps of
identifying, inPth gn%g%ﬂ{eg{%c%v{fag%og@ﬁé?p%tgd&egga,has entered a

hand- drawn pi ct uieR¥tinEaRtA 18 pridtbEmeeRSHAS séifmgLdvard effecting, in the
conput er system an operation associated wth the drawing field. 26. A

met hod according to claim25, including the step of sending, in the

conputer system data to,the conputer software indicative.of at |east the
drawing field. 2Fonngyiaihs esmedrisea g8 Rumed onths matFbIedE: n conput er

sof tware runni ng deRrAinitPHFMMURE sch¥sd RBYhd Mfiqdy B 8MtePrBfddThéda, aan i nterface
surface printed on a printed nedia, and having printed thereon a plurality

of tags, ecgion efifhe pdintedmniedia i winich the sefsadftag fedopatedstand apesition ofitheegi on of
the printed nmedia i.n.which the tag is |located, a position within the region
at whi ch ?%#%W@“ﬁ&%ﬁe@@?’ and a coded val ue, each tag conprising a
plurality of subgt@Rhinild fomURhdsbGhGEH htniGadiVe e coir@perliihStAl i ve Lo a
set of predeterm ned nomnal mark positions; a sensing device Which, when
pl aced i n tr upgaredD, vegigg snd positioreteitiviaed frohhthe semsee tdgaemd sur f ace, is
operable to sense a tag and determne therefromthe unique ID of the
printed nedia, the region of the printed nedia in which the tag is |ocated,

and the positio itk nhﬁgit. I | at.ed; and an
associ ation reco&(};ﬁﬁtge&'tuﬂ%tt% gue ‘?}30%%2%8?@??‘%&3@%{@5&%@5 description
of the i nt assbaiatedsxiti the @t lehsteona sitoxactte elamemc| udi ng t he position of
interactive elenments to be printed on the printed nedia, wherein the
conputer is operable to receive the unique ID, region, and position from

t he sensin ' j ) Lati I; pve el enent
cor r espond it FEER AECrAE S Linkn sOOh R B2 REBAOH Al PhEEARRLS O ST
bei ng f ur &itkra pe bétHednicpfacxarfice, the Sysfedi beingconfigapd s gt leastione

identified interactive elenent. 65 o 28. A system_ according to_ claim 27,
wher ei n t hef thapesiien pod the reprvement of hesersing devicejorifentify iezoBe ade i nterface

surface, tﬁi%re%y%ee%ggme?&qé&gur ed to use at |east one

32. A system according to claim 31, wherein the sensing device generates at least
one of movement data and position data using at least some of the coded data, the
movement data being indicative of the movement of the sensing device relative to
the interface surface, the position data being indicative of the position of the sensing
device relative to the interface surface, the computer system being configured to
receive at least one of the movement data and the position data and determine from
the movement data and position data the region and position of the interactive

element.

33. A system according to claim 27 or 30, wherein each mark represents one of a

plurality of coded values.



of the position and the novenent of the sensing device to identify the zone
and thereby the interactive elenent. 29. A system according to claim 28,
wherein the sensing device generates at |east one of novenent data and
position data using at |east sone of the coded data, the novenent data
being indicative of the novenent of the sensing device relative to the
interface surface, the position data being indicative of the position of
the sensing device relative to the inggrface surface, the conputer system
being configured to receive at |east one of the novenent data and the
position d j t V, X {1t ta the
regi on andg%'g%i |%Iﬁ%%€({r%g%? %{agﬁ]ggtggg%etﬁg%ng‘?ﬁd%ﬁf& gé}gi&ie% ?glraﬂg nabl i ng
user i nter acitileust pdrtifilycdoruiiesd Spfhe\pasicion ofitiengarkkrelativepthelktbf system the
systemincluding: an interface surface printed on a printed nedia, and
havi ng pri Bredgtermined saminal glagk pesitignsef t ags, each tag indicating a uni que

I D of the printed nedia, a region of the printed nedia in which the tag is
| ocated, a position within the region at which the tag is |ocated, and a
coded val ugs. &3gdterh ageciGitipho Slaitg 2d op30) whérk thé prodbriraitied abynhal mark

undi fferentiated marks positioned relative to a set of predeterm ned

nom nal napesitignsdre prEgnged selative waplprdityeinasaingllines, when pl aced in an
operative position relative to the interface surface, is operable to sense
a tag and determne therefromthe unique ID of the printed nedia, the

regi on of 34ea pystéth a6cor@ifliz do LRIMBE GYhekdif at REstiohe e oF €fé likS aretspBeedpOsi ti on
within the region at which the tag is |ocated,the conputer systemfor:

recor di ng aparibemenganethebis adistanchef lgpd hae 10Omillimaterspri nt ed nedia and a
description of the interface surface, the association including the
position of interactive elenments to be printed on the printed nedia; 66
printing te A g;us@éxﬁ 26 rding bS8 R Or BOSWRELRURE AR e célié8adgt i Ng Wi th
the printed nedia via a séensing device; sensing via the sensing device a
tag pri nt edhenin the relafive spdcing o the cedtsreofvt h¢astyorier wain ofindjasentanatks &g t he

uni que | D of th?ﬁ gri. ted nedia, a region of the printed nedia in which the
sensed t agl FSHABASEEIMER. 2 position of the sensed tag within the region:
determining fromthe association an interactive el enent corresponding to
the unique ID, region, and position determ ned fromthe sensed tag; and (e)
oper ati ng ¥he\ systamubesordiog tovcleian R 0ad0.0vbkxeineach triark hasta motimomsradims soci at ed

with the at |east. one interactive elepent. 31. A systemaccording to claim
30, whor o) 1 BRHHRER SAIOY IR ISARULSA RS TR JG0RS BFiehe
interface g haoor thOfenBdSd i ALY ntRhUAULERst 0 use at |east one

39. A system according to claimn 27 or 30, wherein any 10 millimeter diameter area
of the coded data indicative of the identity of the interface surface includes sufficient
information to identify the interface surface.

40. A system according to claim 27 or 30, wherein any 10 millimeter diameter area
- of the coded data indicative of the at least one reference point of the interface surface

includes sufficient information to identify the at least one reference point.

41, A system according to claim 27 or 30, wherein the interactive element is a
checkbox field relating to the computer software, the computer system being

configured to: identify that the user has entered a hand-drawn mark by means of the



of the position and the novenent of the sensing device to identify the zone
and thereby the interactive elenent. 32. A system according to claim 31,
wherein the sensing device generates at |east one of novenent data and
position data using at |east sone of the coded data, the novenent data
being indicative of the novenent .of the sensing device relative to the
interface surface, the position data being indicative of the position of
the sensing device relative to the intggrface surface, the conputer system
being configured to receive at |east one of the novenent data and the

posi tion data;ande &l ﬂgcttaﬁgpéra{igﬁ &Kﬁf@%i@ﬁ%%h@éﬂo?%l&.' on data the
regi on and position o6f the intefactive elenent. . A system according to
claim 27 or 30, wherein each mark represents one of a plurality of coded
values. 67 34. A system according tq claim 33, wherein the coded val ue

r epr esent ed2pf sysigh} decordingdp dlaimsd 1, yderqin the,cogpuist sysiem iHoonfieueddei ti on of
the mark r t m ned nom nal mark positions. 35.
A system a%%%ﬁ%ﬁfﬁghf(ﬁg‘%ﬁgi mtthztgé 81}&3537?\%&{&& n the predeterm ned nom nal

mark positions are arranged relative to a plurality of nomnal |ines. 36.

A system according to claim35 wherein at |east one_pair, of the |ines are
spaced apddt Arysiemoeoring thde. wherinjthecamputes systesm s qonfigureddo 594 i net er s.

37. A ' ' [ h
and *whor e 0R oty SRRl Selontle dE JARFIE oG BILS, TOTC Tai Cof

adj acent marks is less than 12 mllineters. 38. A systemaccording to
claim 27 or 30, wherein each mark has a m nimumradius and a nmaxi mum

radi us and 4¢h&rsystam aceondingge Iglaimh 27 eraiOc whergimthgunteragdyeelementgis adextr  t han
40% of the . of that mark' s.nmaxi oum radi us.  39. S ording to
ol ai m 27 oP i igind o M entPRieS sRpar Bt Sved pelhe VR e W 0ued da o
! ndi cat i YeidHntleiﬂﬂlat ﬂx%ﬂi‘sérthés %ﬁteiréﬂl%dnﬁ{vﬁttfeﬁ@&tautrafbgﬁﬁedn%f tdeensing f i cient
information to 1dentify the interface surface. 40. A systemaccording to

cl ai m 27 odegoe; andefleciranoperatonmissaciated withdhetent 8¢ldarea of the coded data
indicative of the at |east one reference point of the interface surface
i ncludes sufficient information to identify the at | east one reference

poi nt . 41, 48 AXSLE RESART DA A AoRoRiull sHomtaRfpoRighRakst er act i ve

elenment is a eckbox field relating to the conputer sof re, the

conput er syeneari thehagdwitbenf texfudatalta eompudentextf y t hat the user has entered a
hand- drawn mark by neans of the 68 sensing device; and effect an operation
associated with the checkbox field. 42. A systemaccording to claim4l,

wher ei n 1 hgg CRIPYUER oS chifi A3, HRoRthutG system being configured to

associate the computer text with the text field.

47. A system according to 44, the computer system being configured to send data to

the computer software indicative of at least the text field.

48. A system according to claim 45, the computer system being configured to
convert the handwritten text data to computer text using an online handwriting

recognition program.

49. A system according to 27 or 30, wherein the interactive element is a signature
field relating to the computer software, the computer system being configured to:

identify that the user has entered a handwritten signature by means of the sensing



associate a true value with the checkbox field. 43. A systemaccording to
42, wherein the conmputer systemis configured to send data to the conputer
software indicative of at |east the checkbox field. 44. A system according
to claim27 or 30, wherein the interactive elenment is a text field
relating to the conputer software, the conputer system being configured to:
identify that the user has entered handwitten text data by neans of the
sensing device; and effect an operatiggnh @associated with the text field.
45. A system according to claim44, the conputer system being configured to
convert t n ' : . ] : : . A system accordin
to clain1Zgyn%h%%%gﬁ%ﬁ¥b%%§§g%§§§gé%ﬁg%@@E%féﬁ%gékggﬁﬁassoc?ate t he °
conputer text with the text field. 47. A systemaccording to 44, the
conmput er system being configured to send data to_ the caonmputer software

i ndi cati véOe systemeagserdingdotclaim 49, dhqconmgmter sysfomibereconbigaredde verty| ai m 45,
t he conput.egr st em. bej figured to convert the handwitten text data
to comput éﬁattt@%:?l%arsﬂnﬁglsgﬁt%ﬁ Fr‘llg&handwi ting recognition program 49. A
system according to 27 or 30, wherein the interactive elenent is a

signature field relating to the conputer software, the conputer system
bei ng confilgdrsystemmecondingpiclaim: Hhthe epmpuersysien bemegonfigureddnssta t t en

signature b ans of t.he.sensin ViCe: . C tion
asqoci at o MEPRE R Rr e BT o st E M AT MR A eBPHE

t he conputigdicgweldraagicdo? Yhgwratlaktonediedd wlatbdat tht kempug@pat ure i s that
of the user. 51. A system according to claimb50, the conputer system being

confi gur edoftwarese a signature key associated with the user to generate a
digital signature of at |east data indicative of a nane and/or val ue of at
| ast one field related to the conputer software. 52. A system according to
clai m 51, sHhhe SORRUICBErdmESth ARIRGE 1N LCUMIIHGlet beirdS@REigated tb he di gi t al
signature with the signature field. 53. A systemaccording to claim49, the
conput er sysiceate theidigjtat sighatyrereith the Sgmtyre fiebl. t he conputer software, data
indicative of at |east the signature field. 54. A system according to any
one of clainms 27 and 30, wherein the interactive elenment is a draw ng
field rel age : $lofad i

configure %%ﬁ%‘%ﬁ?‘@@ﬁg?ﬁ% f%i%&’ﬁa@?%ﬁ ggﬁél:jﬁegﬂ%éﬁld-dr a\xgg%ﬂiagture by
means of ttdéhesmnsiutey sdftwiredata cdiedtiveatf ableasipler sighavmredsddci ated with the
drawing field. 55. A systemaccording to claimb54, the conputer system

bei ng configured to send, to the conputer software, data indicative of at

least the SQf.r ﬁvgy&gmfa{c%ﬂing to any one of claims 27 and 30, wherein the interactive
element is a drawing field related to the computer software, the computer system
being configured to: identify that the user has entered a hand-drawn picture by
means of the sensing device; and effect an operation associated with the drawing

field.

55. A system according to claim 54, the computer system being configured to send,

to the computer software, data indicative of at least the drawing field.



