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The present invention relates generally to nmethods, systens and appar at us
for interacting wth conputers, The invention relates particularly to a
sensing device for sensing its own orientation relative to a surface when
noved or positioned relative to the surface. The invention has been

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

net wor ked color printers. Although the invention wll largely be described
herein with reference to this use, it wll be appreciated that the
invention i s notORIENTATFIDN SENSINGIDEVICE EOR USE WITKCOOBEDIMAKRSAPPLI CATI ONS
Vari ous net hods, systens and apparatus relating to the present invention
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2 The disclosures of these co-pending applications are incorporated herein
by cross reference. BACKGROUND Presently, a user of a conputer system
typically interacts with the systemusing a nonitor for displaying
informati on and a keyboard and/or nmouse for inputting information. Wil st
such an interface is powerful, it is relatively bul ky and non-portable.

I nformation printed on paper can be easier to read and nore portabl e than
i nformation di splayed on a conputer nogpitor. However, unlike a keyboard or
nouse, a pen on paper generally lacks the ability to interact with conputer
software. OBJECT It is an object of the present invention to conbine
advant ages of pen on paper and conputer systens. SUMVARY OF | NVENTI ON The
present inventi odh¢ disglesarss ©f thyseserrsirding atplidates fapr ingepresait hangn by iceisd-at i on
dat a when rpaaéd i oned or noved relative to a surface, the orientation data
being indicative of an orientation of the sensing device relative to the
surface, the surface having coded data di sposed upon it, the coded data

bei ng i ndicative, vvhen sensed by BMKENEHJ'N@ device, of the orientation,

the sensing devig a hous |ent ati. N sensi ng neans
configured to enge?ea %re&g‘rcioe 4 ¢ %S!em%(}f & RV ALY VDG ATONEY { he
coded dat afor & Y@éﬁﬁfﬁfﬁﬁ@&tﬁ%mk@%@&h@dfeomﬁusgm mduttuu igfonmition. Balle sichan

ori ent at i omweHat & ﬁo@xe@.ll C@ﬁmﬁrﬁ;&y $YIRY ﬁﬂ]nmj.i Dol rlﬁ%&{aﬁ dpxﬁiéﬁ)%‘ﬂp Inéan%E
orientation data 4 i ndi cative of the 9‘Pltc an [ or

housi ng r ef*SFi* &34 9t Pobledhen W@P@F“é}ﬁ‘fy Otk A{EMBIH FIORHPT- dilovier wilke | udes
mot i on senskepigawansusd, @ penge peichaily HEks @Rty tdabaet Wik niphie: ssiensl Ng devi ce
is noved relative to the surface, the conmuni cati ons neans bei ng
configured to conmuni cate the novenent data to the conputer system
Preferably al so, the sensing device QBEKdEdes regi on identity sensi ng means

configured to SEMNsen oyjm@f Eb@%re?.&ﬂ%@lﬁmdﬁ)véo%mb %dwgﬁ)ééeg lopﬂe%don Ha %}‘%}{(ﬁ
relative to a re%' on of the surface, and using at |east sone ) e coded

data, regi SHPYESHI™y data indicative of an identity of the region, the
conmmuni cati ons neans being configured to communicate the region identity

data to the conputer system JNRROR% SPINVENTION

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

a housing;

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

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

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

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

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

system.
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The orientation sensing neans preferably detects the orientation of the
housing relative to the surface dynamcally as the housing is noved. The
housi ng may have an el ongate shape which can be held by a user. In one
enbodi ment, the housing has the shape of a pen. The housing nay be
provided with a marking nib for marking the surface, but this is not
essential. By sinultaneously capturing orientation and novenent data the
system may be used to verify a personis signature. Alternatively,

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

t hree-di nensional software applications. Note that it is not essential for
the orientation JEn¥icagtiorsensise pepnspspferedly frgects theiosmtation dithedbusinbeldiousi ng i n

all three g fRA& dQRSicallyl as B YoRBe ﬁ'-ﬂotlédc'i‘]ﬁ'ﬁ%usﬂlgmgﬂa@&& RiLake smgwﬁ)l:ﬂ&m as sone
applicatio sh% not eed etgg ﬁfg di rensi onal orientation_iInformation. For
exanpl e, st Flsﬁr Bh feorsingdiar e shapt ol ppenaFhedepsing mag e o

devi ce, SUPJ‘th@QMthemarm@meotylamﬁmgae buirfgdef buothis ishier eweddal® of a | oudspeaker,

by varying the p roll tch and yaw may be
calculated b delthgt |u%glgé|§{§ g ect?mﬁn tl%g agér BT rot (T oRY %f“se[dﬁ% coded
dat a. Fi r sYFy, 2 parsog éﬁ‘glﬁé“%é\éﬁnwlﬂéwlh’ean ofi¢ntatinpenela ttusenatde fhe r st

appl i ed t Ohduliy 16 6& fBCE @Bﬂmkym@xahﬁ)lel s%éhvﬁsysh&ecoﬁ&lﬁé &%m%é‘aﬁ&kfo&? bet ween
force appljgation and as a, stroke' in freehand. The

force data i orTRariioR l@%ﬁ &’6‘%" £5 ?‘f’é%ﬁ"ﬁﬂpfgrd © PR ERsIE featsdo st BF abl y a
separ at e i ¢rjghtetive of thelpnting inplhtyret higemppy. Gphay b Bficed rsdeRst on]@“tlfé(fahks sadmabove. |t
my be any,shakes QH} not heelt TurdIBIREAD Fiedilioh B8 &BPFQ{)GX%& %13 Llllﬁusma n{)

Preferably, the apparatus incorporates a marking ni
surface witeHsHdnG2caty cofioliom pwpchat 4 dice. sigh 21 e intehsity nba ligh erthet Yohime oTho

appar at us lbﬁls@mefeya@mgme@ﬁta{uéﬁﬂeﬂ‘(%nd%i eract| on with a conputer system
that can be contr{lo can int rpr hand- drawn i nformation (whether
'wpfpblegh

drawing or writi nge)maﬁ’ ‘fhlag b Vet R Ee geneiye UPPEPEAPA FAFOn t he
sensi ng deviheeodeddatr r anged to provi de device identification information

whi ch uni quely i ﬁ%ﬂ;'nfdaﬁﬁe &spcﬁtoqgtgﬂuﬁ% whlrhtﬁe &)gg‘%stlglflrs?%pheﬁ t‘% ﬁayurt%herff ore use

this to identify the device. Features and nt age FEdeht

i nventi on Wer At lﬁé??dwuﬁﬁ&a‘}“@rﬂwﬂw b‘fotehé)f‘feleIPltswohgnd deevel bepng.dg&ne@ﬁs a

enbodi nent srokéler ekand. byemydz&fmieﬁﬁﬁm&nlﬁbﬂwstaﬁﬂ@eﬁh reference to the
acconpanyi ng dr ﬁaratus 3 reFer SCRI P G‘g Preferred and ot her
embodi ments of the Thvent's 1 Sﬁ%weoglplfglgr&rcf)%%ﬂn § *RREPTBE TRBRAS | i miti ng
exanpl e orflispussogiabeye. rlfelﬂaebemehap@ut ine peboblypahyfommpfdsigiui mgsr, i n whi ch: Figure
1 1s a schemat i Co@rably, thCaphfhtidlih 3SR DEANEER & AR & RIALLEH OG! Page and

its onllnefp q& descri ption;
drawn Tnformation, but this is not essential,

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

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

BRIEF DESCRIPTION OF DRAWINGS
Preferred and other embodiments of the invention will now be described, by way of non-
limiting example only, with reference to the accompanying drawings, in which:
Figure 1 is a schematic of a the relationship between a sample printed netpage and its online page
description;
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N PSO36-SG 4 Figure 2 is a schematic view of a interaction between a

net page pen, a netpage printer, a netpage page server, and a netpage
application server; Figure 3 illustrates a collection of netpage servers
and printers interconnected via a network; Figure 4 is a schematic view of
a high-level structure of a printed netpage and its online page
description; Figure 5 is a plan view showing a structure of a netpage tag;
Figure 6 is a plan view show ng a rel aii onship between a set of the tags
shown in Figure 5 and a field of view of a netpage sensing device in the
formof a netpage pen; Figure 7 is a flowhart of a tag imge processing
and decoding algorithm Figure 8 is a perspective view of a netpage pen and
i ts associ &ewd 2 isagehsmpisiviey of ¢ ictictivh betiveens owraes pen faingpiage pSntirs: ratpe paPect i ve
expl oded Vi, odd 48 8iRAH6n £88; shown in Figure 8, Figure 10 is a
schematic gJ ocl§_di agranhof, a _pen controller for the netpage pen shown in

Fi gures 8 © 3 glustiaeyq oleotiqn 9f Betpaessepverp andpriiers iplergrstedyiagaEoount ed net page
printer; FFgurd ii2 scimaticsest bn highleod gluctuteof gl mothagk hed REbREBagRr | Nt er
of Figure &Jséripﬁ& ure 12a is an enlarged portion of Figure 12 show ng a
section of the dupl exed print engines and glue wheel assenbly; Figure 13

i s a detai Figye viserlapriey hawinpistwetere pf agtpageitagk, air and gl ue paths, and print
engi nes of Fightes isNGIRIBH siwindla@dlatiofshiF bEWERS sct 3 BV Lioown il MESs 44 2 55 @

schemati c btl ock .di agram of a printer controller for the netpage printer
shown in FPgifeda nePresipymg dovicpmyhp farmoka pepage BEhemmmt i ¢ bl ock di agr am of

dupl exed pFignt 7 8adowmdarcdntagdhdge processing abvbidpoding Meqitlindt heads associated with
the Print CrighORkk Bl i@ AW alnblodsh (il id disodid AW Gorkle hiSa S 3GNENELI € DI oCK
di agram of _the print engine con Fol 1 er Shown & neh gures T4'2n4™15;  Fi gure
17 is a pefigpettepesrsitisns pipded viep ghthencimpgrven shiviipip Fistte Bg el ement, as used in,
f or exanpl Eguré 08s 2 ftE4nRAGRCIR iafhl bF fen EnBsl£S: thOnetpRoebén shE&mﬂHF&m@seﬁ A a
perspectivg view of a small part of an array of MenjetTM printing el ements;
Figure 19 i's a series of perspective views illustrating the operating cycle
of the MenJigedMipe berspictiep viegl o medltmainedunttage tihgtire 13; Figure 20 is a

per Spect | Vgl £ Dleodn SRABH BTl Aol PAGEREALR  NET T TM pri nt head:
of ass

Figure 21 is a schematic view of a user c llagram Figure 22 is a
schemati c E}%W%fls an ea.ﬁa{gf:ﬂ @mo&ogglgurail%ﬁxpm a section of the duplexed print engines and

glue wheel assembly;

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

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

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

Figure 16 is a schematic block diagram of the print engine 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 clements;

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

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

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

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

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

Figure 24 is a schematic view of an application class diagram;
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Figure 23 is a schematic view of a pen class diagram Figure 24 is a
schematic view of an application class diagram NPS036-SG 5 Figure 25 is a
schematic view of a docunent and page description class diagram Figure 26
is a schematic view of a docunent and page ownership class diagram Figure
27 is a schematic view of a term nal el enent specialization class diagram
Figure 28 is a schematic view of a static el enent specialization class
diagram Figure 29 is a schematic view of a hyperlink element class
diagram Figure 30 is a schematic view of a hyperlink el enent

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

cl ass di agFia#s 25 IFp grhemeatigdey of agommbrs prdtprgs descimonflasadieirgi; t al | nk cl ass

di agram Frigh 8 i3fschénac SGNGTRbdumen hRWaRlowRerdhlp@latl £hahENt speci al i zation

cl ass di agfg_am Fi chre .35 is a schematic view of a checkbox field class

di agram F§HF & 8% walc uehl gdpipal glensht @ecializatianglast disgramn: o | ass di agr am

Fi gure 37 Figura2sichehataiicvian @wsotc chmsit greaibiiziten bl bdgmh;ass di agram  Figure

38 is a fl ; I I sing.algorithm Figure 38a is a

detail ed fﬁ%ﬁ%&%&f&?‘a@“n%&g#téﬁ%@ﬁ? eemefiﬁ%%)a\%c%ﬁrrafn’ of Figure 38; Figure 39 is
a schenat i Bigwe i dfchapapegey o e bynstlinfedemenisoecializavtassoliages; di agram Fi gure 40
is a SCherTEiELir&lVii;@%héﬂfaﬁ@viéﬁ@ﬂﬁﬁﬁnl@@?&ﬁﬂ&Isi&z{bag;aSS diagram Figure 41 is a
schemati c ]}i.i ew, of a favorites |list class diagram Figure 42 is a schematic
view of a HPEFSYYA Phopicyiad 2 fmgesdPea® gure 43 is a schematic view of a
subscri pt | Beerd# is yshematir \ddwod @ Higital Iek gfas diaghdm;i S a schematic view of a

hyper | i nk §; i j . i .schematic view of a

hyper | i nk ?%?%Z%?%iﬁe%%%o‘?ég%g%ﬁ% Eflgéﬁgsggc%%zﬁ%dcza{%ﬁg%ti c viewof a form
submi ssi onFiBrotidtichematis gyt of 2 ghpckbex fielkddsediagrame vi ew of a commi ssion paynent
protocol ; Fingeseas ABhdnticviecdTe Rife[ cMis@iWe@fy;, a set of radial wedges making up

a synbol; _.Fi e 49 is a schematic viewof a ring A and B synbol
al [ ocat i on &G er?Se‘?Sdg9 |t91]°uvrleé’“§65"ﬁ'§’ e%@ﬁgﬁﬁaﬁm\/i ewof a first ring Cand D

synbol  al | et 8dve fokleref an iffuguscessbd algsiten; schemati ¢ view of a second ring C
and D synmbgburddsh QG akehiRE ASFAEIR one sfeb IHhENRhali B AR CAREMBLI C Vi ew of a

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

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

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

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

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

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

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

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

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

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

Figure 53 is a perspective view of an icosahedron;

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

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

Figure 57 is a schematic view of a first tag insertion case;
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Figure 54 is a perspective view of an icosahedral geodesic with frequency
3; Figure 55 is a schematic view of a mninmumtag spacing;, Figure 56 is a
schematic view of a mninmumtag spaci ng which avoids overlap; Figure 57 is
a schematic view of a first tag insertion case; NPS036-SG 6 Figure 58 is a
schematic view of a second tag insertion case; Figure 59 is a schematic
view of athird tag insertion case; Figure 60 is a schematic view of a
fourth tag insertion case; Figure 61 ig a schematic view of a pen
orientation relative to a surface; Figure 62 is a schematic view of a pen
pitch geonetry; Figure 63 is a schematic view of a pen roll geonetry;
Figure 64 is a schematic view of a pen coordi nate space show ng physi cal
and opt i cafisuxEsis afchanapeyiew of BisggenddagdBertion aseschemat i ¢ vi ew of a curved nib
geometry; Fh@bsss SRndniti@viSedre Wil kg il R, @an interaction between sanpling
frequency and éa fée uency; _Figure 67 Is a schematic view of a pen
optical patf*® ‘g?ﬁ“ Fmsic Vi of a fquetlhiagigsertiopfasey st r oke capture al gorithm and
Fi gure 69 Figuraslschebamtaticvian @wpaforientdtianteliigitd adurfaicgk cl ass diagram Figure

70 is a tap egqu;ghe%gcgﬁ&g&g%%n%ﬂ%ggg%;red 1to 10; Figure 71 is a table

cont ai ni ng_equat i ons nunbere Figure 72 is a table containing
equat i ons YigbEriztischematiovignaef a pmirejlgeemetd: i s a tabl e contai ni ng equati ons

nunber ed 2figdr064344 schdla@ihidy of 4 pdnoddibipEoe GRME biYERG «RQPALI Q0% Nptpber ed 35
to 41; Fi gur e657.5 |€ a.table containi ng equations nunbered 42 to 44;
Figure 76 18 9P r8bre REhis fir AG eqb 4B nunbered 45 to 47; Figure 77 is
a tabl e coFigweé i ingsclegaedt viond aniuriaeioe betwdn taoplink;frequchog did@aghRqiesicya t abl e

cont ai ni n -ggé@t-' ; ! , Figure 79 is a table containing
equat i onsg%urrberfgegﬁ%éﬂaweg‘r?ﬁgp%%g%rglﬁéb is a table containing equations
nunmber ed 5B8YLP859A flovchagof wstighe cprgurgalgqiimeandont ai ni ng equati ons nunbered 60

to 63; Figp#es98ea dofenitid il o a HOIMghh MRGsshgdkl ONS nunbered 64 to 74;

Fi gure 83 1;Lis ea7t.ablabefe cont ai ni ﬂ%me)ng%@%gdgns nunbered 75 to 86; Figure 84 is

a tabl e contai mity ByUafEhHY 1% 99: Figure 85 is a table

cont ai ni ngFigepidts arde onibieg edatib@Cunigerdili1 fo 20;
Figure 72 is a table containing equations numbered 21 to 26;
Figure 73 is a table containing equations numbered 27 to 34;
Figure 74 is a table containing equations numbered 35 to 41;
Figure 75 is a table containing equations numbered 42 to 44;
Figure 76 is a table containing equations numbered 45 to 47;
Figure 77 is a table containing equations numbered 48 to 51;
Figure 78 is a table containing equations numbered 52 to 54;
Figure 79 is a table containing equations numbered 33 to 57;
Figure 80 is a table containing equations numbered 58 to 59;
Figure 81 is a table containing equations numbered 60 to 63;
Figure 82 is a table containing equations numbered 64 to 74;
Figure 83 is a table containing equations numbered 75 to 86;
Figure 84 is a table containing equations numbered §7 to 99;
Figure 85 is a table containing equations numbered 100 to 111;
Figure 86 is a table containing equations numbered 112 to 120;
Figure 87 is a table containing equations numbered 121 to 129;
Figure 88 is a table containing a set of degenerate forms of equations 64 to 71;
Figure 89 is a first part of a table containing conditions and special handling for zero pitch and zero
roll; and

Figure 90 is a the second part of the table of Figure 89,
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Figure 86 is a table containing equations nunbered 112 to 120; Figure 87
is a table containing equations nunbered 121 to 129; Figure 88 is a table
containing a set of degenerate forns of equations 64 to 71; Figure 89 is a
first part of a table containing conditions and special handling for zero
pitch and zero roll; and Figure 90 is a the second part of the table of
Figure 89. NPS036-SG 7 DETAI LED DESCRI PTI ON OF PREFERRED AND OTHER

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

di scussed bel o QES@I@IPWJM BEPREPEISRWENB@TH@W%?M% sSystemis
described jn its nmost conplete formto reduce need for external

ref erence Wf&ﬁd@&’ée{‘eﬁiﬁtfaﬁi;m‘trboﬁﬁ‘m%lfr%‘%ké’ﬁﬁmﬂﬁyE@rﬁ‘@tﬂlm| n which the preferred
enbodi nents and &Sﬂﬂqtrﬂ'erﬁﬂ ehbﬁiuﬂdh@&&nhvdnﬂéfﬁ@tdoﬂ{guﬁ@% bk withhhbmbplee SUNTRI Y,

the prefer ste uter interface in
the formo e?'gorkeg comg‘er tﬁ?’r aceﬁgf?lgf?vex’lew O@W?%Bg‘ﬁ%‘gf Tﬁ'ﬁf GPRERICE P2t Wht ai ns
ref erenc eseVP’U "aplmtat!ﬁn "tﬂheecesmiyrt‘axbeiymﬂlontvem meSdOﬁ the specionipitsend syeati@m  The

map refer e&lé&ﬁsﬁecﬁb@ﬁwtﬂﬁreﬂﬁlﬁrtd B RY 5y20m ARVRP rtﬂe%&s?em iIS&05H0Y9, JEYsGEm ;C)}Qg pendi ng
upon the SPECIfI c inplementation,” the map references may be enco

vi si bly or Phiirees r needfor eﬁ*ﬁ‘?’?lﬁ@ﬂe"ic?l“’]?ﬁ&Wmﬁt%‘y“r{dﬁ?}f“déhelc%%méﬂh’é‘i‘ e on t he
mapped Sul’ﬂir&c@dyﬁm'addd%mamdahﬂ&&ﬁ@ﬂ@l@&kﬁﬁtﬂﬁﬁhoﬁeﬁﬁt@nce both within the map and

anmong di fferent RRS C, SVYS cont ai.n _infor n about
g f aﬂ;plgthQJTﬁ%r%d oreh O ene age %%m ewl%raﬁc%rgm{g& 119%?/ ed

features on the mappe ace such i
based on nphefemer amerrsd wifes) thas &, Hyhysicabumirfasie mijickieplame refeseets Wi atrmptohibe mapped

surface. Thgadk nﬁaeﬁanma i0R corkIds sys@hl TIRVER &@@n&@&ﬁ te NEere@ PR lpafhlions Whi ch
are initi at ed uter systemon behalf of the operator in response

to the opefatt Srdg‘gcel ﬁfpg’fl YPgh BGPRORLIE FRPlEpppR ety E‘ﬁ"t T5fersaces pay pg @cededs er r ed
form the ngtlpeagevishiytaedniafiedd i sucbn viah éhaps DA Gdroon bE mapbdsubfbbaBitlds an

interacti %aﬁ%:éljams Iﬁhﬁ&&é‘&@ébothmﬁlﬁl&ﬁ aﬁ MBV\%%%% cﬁ‘é ren?xzn( T8 ao&gllltgrj\é?nd | mages

printed on ordlnary paE e nterae ages.
| nf or mat i ofy™pi8 iR ot Teatien, o H1g anapisf! s kRndicle Fldrgation B@s‘leaﬁttlwad ly

i nvi si bl e Bagedbh &a;ih@ﬁteﬁlﬁﬂsubﬂﬁﬁﬁy zﬁs)éﬁmg Thgee 2l mtﬂﬂﬂl%&%éd sufRd ThbefaRyicd he coded

data, can be sen optical n and transm tted to the
net page syoFame ca?ﬁgy%e?fg e FEA™TY c§¥ H}areé{%tfafeggpglﬁfot“@ﬁtgr K ke ks, on
each page Qvarﬁmberﬁ'eﬁon@k(etde awetater’s inegractjpe with e suefapa &sturcs.Nf or mati on fromt he

network or to signal pRERIEEBACHS nbacd ps%etnwperhgs ase'zh\éegmduwan o@egdeaa‘gl Qdi ment,

text witten by hand on a _netpage IS autonati cal recogni ze converted
to conput dpteraction with, netpages. These are pages of text, graphics and i unages pnnted on ordinary paper, but

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

In the preferred form, active buttons and hyperlinks on each page can be clicked with the
pen to request information from the network or 1o signal preferences to a network server. In one
embodiment, text written by hand on a netpage is automatically recognized and converted to computer
text in the netpage system, allowing forms to be filled in. In other embodiments, signatures recorded
on a netpage are astomatically verified, allowing e-commerce transactions to be securely authorized,

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

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

enbodi nents, signatures recorded on a netpage are automatically verified,
al l owi ng e-comerce transactions to be securely authorized. As illustrated
in Figure 1, a printed netpage | can represent a interactive form which can
be filled in by the user both physically, on the printed page, and
"electronically", via comunication between the pen and the netpage
system The exanple shows a "Requesf 'form containing nane and address
fields and a submt button. The netpage consists of graphic data 2 printed
using visible ink, and coded data 3 printed as a collection of tags 4
using invisible ink. The correspondi ng page NPS036-SG 8 description 5,
stored on tdseipivet haged pe thaorigge desok] desibdéshie ndidival dersdnts of aavapgpe.ah t he

net page. | ParticHa! i Beg,wb@gthé e §§i)ral!i:}? Ede Eaﬁn }yfrégch%ﬂgacﬁpe%tlém%llt Ee).(Ie)?trHeld(o%one) of
each interactive elenment (1.e. text fiel'd or button 1n tﬁe exanple), to

al | ow t he PPhiRghe syenlQnp plpveiby Reipagel systqmie sprpedst intemystineuy via tesepasetThage. The
subnmi t but fueiit Guttdn0b, BX aLHRPR, hRAS zéhe Z0ABict Wtk SRdsCRT he RN dichtOoft i€ Spati al
extent of &Qg &Q{r%§gquing graphic 8. As illustrated in Figure 2, the

net page peh 101, &pfeferred form of which is shown in Figures 8 and 9 and
descri bed in nor ésdbstdd ibBloow?, hondgsgd pendOh jaundiricd formiof whish Rebqsage pri nter
601, an | RLeLRSH § HINECHRY énofﬁérél&étaﬁl%g@@,%k@ @Pc%njﬁri%{mnhﬁéﬂ%mc?{%b&%r g§, mobi l e

use. The pen is wreless_ an communj cates securely w th the netpage
printer vi% ewpgrrnesied pratinesppliznge; fgchape, offiee i anopidgise-pite wemis vootess ay
preferred doatmmicidieswddirel withths REpasE prifte i@ Bradek rdd® 1ihB9.and descri bed in nore
detail below, is le to deliver, periodical]y or on . demand ersonal i zed
newspapers, nagaglgé;%e cata gaélsf’ pgifegg g’rméé’ﬁ‘é'lﬁlg SEHEP ”bgigﬁc%& {‘)’olﬁs"‘flglal I
printed atdergl guaptet detaishelovntsertdetd ddivee ppadiedly donini feraed, persoiivad

conput er, ARl RREGSINE! LGS, tr&n@l ARRHEANS MRS G FaRd Benigf Qlaiy §X2NP! €,
wal | - mount ed agéacent 13 an area where the norning news |s.%|rst consuned,
such as i n™§7HY8 ByPages kg ansrsontisopruierfhensipres SFinterayin appligfice aigyoag ppefor
househol d' sapdé, vall-abumttd paindenrte af @t dite thayiomihd nedk SQfirst CRBMSA) sicH AR £t op,
deskt op, pQLt 'Hgﬁ LONS. 1 page rinted at thejr point
of consunpt%gﬁaggﬁggﬁg the gg@%f%g%ﬁ%gg%-d%gsg?ﬂﬁfﬁﬁm?%%%f$fﬁ%ﬁFﬁ%%s and

i nt er act i viomgs ipablgtap. idepliap. gertablg endpigiptyiverignsshown in Figure 2, the netpage

pen 101 interact Neiphgbdprial@ atGREGHinOF cohs@hbtitn RibAl B casOLBAGSader RidFkhe
communi cates,. via,a SQ%%%B%%“ e [adlﬁ link 9, the interaction to a netpage

printer. TH&EIISSAOAMEF P& fer action to the rel evant netpage
page server 10 f é# sliophér Pipet at thomtpagapendpp inopacis atite tei codad Bt anagsinpted he page
server sengg.a 1GRi L&IRARALNG, MBIS298 L&, f}‘%@[ I,Fﬁ %ﬁe&a%@qnﬁe??ﬁ’e‘d}agg prinit fjyare
runni ng on a net page application sefver : e application server may in
turn send BEner 84K EAdehfpteEtstions topthe Arlevant gWpask ePegs feiyien A ifrgintprpictatiasy In The

nreT;[) pgge S ydpprofiateSoirtiRE And@Q AR pd@r B serdl® b QorfebiIMERY Bilagd 1 apfiRatidh 6Sufhied

enbodi ment

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

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

The netpage printer exploits the growing availability of broadband Internet access. Cable
service is available to 95% of houscholds in the United States, and cable modem service offering
broadband Internet access is already available to 20% of these. The netpage printer can also operate

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

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

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

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

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

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

class, and class Ais a generalization of class B, then Bis sinply a
subset of AL The UM. does not directly support second-order nodelling -
i .e. class@scleh, cpagmgdom thaghibwt B by b orgip@altina dn e tles dapghewlicthiblidwed Wit h

the name ofthe Egr%&arel&veggg&ﬁédns alist of the attributes of the class,
separated from’the name a horizontal line, and a |ist of the operations

of NPS036- SG 10 APH@O%qt*alyé drawi35,1ige oNng ey Alasts opfiopally fsbelled ptieigher ¢ng with

hori zont al th inuRiplidith &A'\hl& ssbodfiond TBY bR MIGpLibityf 91oh®Win as&ﬂwev?ﬁndlc@c@s% i’vlt i ons
are never w2 associ at i on, j ng two, cl asses,
optional | y“qqg‘g“ "c} d™4Y - &F PR P BAY \?ﬁht"‘FF"“‘Tt‘ﬂ‘é‘Sr?ﬂ‘f"f‘?ﬂﬁilklb‘é}e{i Wb’l‘s ‘gﬂ% and is

associ at i odso @h@aﬂbefdbalihd atrpither iepd With thy rdls ofothe corspoaidtgertass K (cbgn dismgbn¢at es a
mul tipli Ci fuicAds an"BBYgatiod sGociafiH isHhre B0 G Fsa&rwﬁts@lg' g%ég%r bt ﬁﬂe onal |y

| abel led with its name, and is also optionally |abell at elt er end with
the rol e of®chirndigsr espondi ng class. An open dianond indicates an
aggregatl 0N assoei giidrdiFatiod teﬁmﬁl&ﬁﬂ(-ﬁ-fa”))is drédChs la SolANBYAind txizd‘kﬂas@ggﬁiﬁgﬁtor end

of the zﬁf%@r@ttﬂe%]m mopenmaglgl t%elge%g‘rglizgu% r%l ationship ("is-a7) is drawn

as a solid e10|nn arrow (in the formof an open
triangle) at the“@@n@lfmﬁiwml@bm’@ndpmmﬂﬂmd@maldacagﬂ'v@mhussiuﬂdmakbn up into

mul tiple ds!h&ﬁ{ @ifPa daBHRY oliR SV Wbk BDmbif aflbHh Wkl @findsS: 1t SNENA Wntalididashed
outline |nn? but. % maln di agram which defines it. It is showm with

attri but es*™ ORI Wi is defined. 1.1 NETPAGES Net pages are the
f oundat i on1.on V\:hNETPAaES‘let page network is built. They provide a paper- based

user interface t r nd inte ve servi.ces. A netpage
consists of a prgntp%gJ Aﬁigg%(’%drﬂm% Oﬁgﬁhi surqggeen?‘g%fléo%yﬂtl ﬁh\??'glogfl ?agi’grged W th
r ef er encesbaied veghing Tt fervblished infpsmptivn anfinterpetivygryises. The onl i ne page

description is naigtpadeNRekidesSd ?ﬁ:ﬁ‘e@tﬂage (0P Ythe: g&ﬁﬁ@@%%p@%m@%@é@d witd N€ page
description_describe ut _and %gntent of die

e Vi.Si
i ncl udi ng TEXES tﬁra%ﬁrﬁ‘f’%‘gescé’ﬁ‘é‘m oﬁﬁlﬁg@a T Ol P BT Smatipined H‘ﬁiﬁ“’n@f enent s
on t he pagwe,z iectpedewpadersgrver Sl pagasipsctiptipe ddséribkssthe Gditde lappuidnd Eornghds thehagret page

al | ows rmriﬁéhﬂﬂl% t%dﬁap‘ﬂf-cg &d%@g%&%gxﬁo Reg&bgsnthé Eﬂ%ut elements on the page, including
buttons, hyperlinks, and input fields. A netpage allows markings made with a netpage pen on its
surface to be simultaneously capiured and processed by the netpage system.

Multiple netpages can share the same page description. However, to allow input through
otherwise identical pages to be distinguished, each netpage is assigned a unique page identifier. This

- page 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
unique page on which it appears, and thereby indirectly identifies the page description. The tag also
identifies its own position on the page. Characteristics of the tags are described in more detail below.

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

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

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

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

bel ow. Tags are printed in infrared-absorptive ink on any substrate which
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comuni cat with the. net) rinter via a short-range radi o J]ink. Tags
are suffi C?E@an?i;ms%%m %‘ﬁ%‘g‘%gﬁggﬂsif‘s‘ﬁpp ﬁ@lg?f??rﬁ'?f“ f{ehi m ﬁ%%g{cg@;o? T pen can
reliably ismelgeingd ndi@ast one tag even on a single click on the page. It is
i nportant that the RERnsHRLRARN 48 a%@ﬁ'e_scﬁf?gcﬁn, Do R0 thsBRS hd Dok SUEEY

interaction wth the page, since the interaction is 'stateless. Tags are
error - cor r 8&ko%B I“S/F‘Eﬁ"cg&g‘ﬂ Pa2 Ingace isppsariptpsaith bafh the nepas opfer Whishotirtedhit e

damage. Thad ifinpeag the pAgRe SOTWHE eqiBiedi.al NS a uni que page i nstance for each
printed nej page, '?AAI:QM&Q it to maintain a distinct set of user-supplied
val ues for T nput FIréfas®®n the page description for each printed netpage.
The rel ati bAdhi pTaebalediontant page description, the page instance, and the

printed netpage i SyrstWRorneabll @Habniifles tENEiRAY EnibS LAREE adaSheASIQGIAT €d Wi th
both the netpage printer which printed it ~ and, nown, the netpage user

. - I .
who r equestdeeivithin the segigp-piojagpayialiegontan Bagy whichyelpis fofherpgines ¢ whele o ipthef er r ed
form eachtat aheicdamid fligeltstdhg, foe gtadiple] Hgiahh €y sedsing PIPRAT 6, prvitd féddgack 0cat i on

of thattg 't'ntereio..tﬁta al sa .cant ai ags .which rel ate
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to the region as a whole or _ ag. i nmay, for
exanpl e, shagipaio refertiang desaipipn thecgionel peipagy erpimdp Hreauiplecilumipridindattive e of a
functi on ags&eCEBRLEEG ihi find &8 K liate area of the tag, wthout the sensing

device having tq refer to a description of the region. A netpage pen nay,
for exanple, ill gﬁf"ﬁle{’f’ @Oé?r‘flw&’cef?l%"d%ﬁlf’@d”? BRI} FRsh 1Ag Foptaggs amy
hyper | i nk. eadily repbgulized@vanipn enetigarbicy adx pitial deediohehdwhich dasiss i) melririfigdle

embodi Mt erre 3y WA ifiidh BY BOs ke oPhd oslof SRUN FR%:ck PYALLORL uRlLHEt UT e
. . lect | ) : . I3 Jhig
which aids initial detect ?%n,s and “whi ch nzisg?stg in ﬂﬁeﬁaz?ngetlieﬁré ©
page, and are sufficiently smalt and densely arranged that the pen can reliably image at least one tag

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

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

Table 1, Tag data

Field Precision (bits)
Region 1D 100
Tag ID 16
Flags 4
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effect of any warp induced by the surface or by the sensing process. The
tags preferably tile the entire page, and are sufficiently small and
densely arranged that the pen can reliably inmage at | east one tag even on
a single click on the page. It is inportant that the pen recogni ze the page
I D and position on every interaction with the page, since the interaction
is stateless. In a preferred enbodi nent, the region to which a tag refers
coincides with an entire page, and thg region ID encoded in the tag is

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

coi nci de Wrdtht the zofm of an Iniefactive elenment, in which case the region
| D can di rleetby—-dentifythei-ntedactive elenent. Table 1. Tag data

Fi el dPrecision (bits) Region ID100 Tag |1 D16 Flags NPS036-SG 12 | botaf F1
2-0 Each tag conEahnsg dchGinkill® b off wfoenatad, itgpivallt ME&MHS)&h@M achabled. as shown
in Table 1 uare ! a 16-bit
tag ID sug“Ufégﬁﬁﬁ?gg?ﬁﬁﬂgéée of%ggmg%Q%&égﬁgﬁmgg%ﬁg ?m“t g@ reglons
can be nap{#eH seueist inthero haEsr wiierh et Mem@éﬁwovﬂlhe“ftt@gt 1n@eas1sz dhei tsa 8h sinply

by usi ngI ?&b&sﬁo{n@&}p{yﬁﬁ'hﬁﬂéa@f&ﬂg RBIPS: a%u]ir RAGps 1H-150-bie lreggri Mgb@ A |(~QW? 02400 (1030
or a millign trilli i on erent reqgions to be uniquely
|dent|f|edml Emﬁ’?ﬁﬁ’téfaﬂtﬁ@8 tq& ﬁii%ﬁiﬁgts of tag data are
redundantIyzencoma@Dallemgodmg 15, 5) Reed-Sol onon code. This vyields 360
gncoded bits conghobhig £ ﬁgffgggmagay&t%é&sﬁ PUG. SERRLRLEAGR, nfbe. (15

5) code allows up t errors to be co

is toler anltlel‘éff-”ﬁ%e%mbllfs cemsrsmg of fERdewtrdsnh 13 Gbit 9Bbelpeeeh. dofdhst epde Ela&'h 4 b| t
synbol is Jp&@ﬁ@ﬁﬂﬁt @fbrsi 16 bcosBAddipad do¥evRINEY. @ R tol¥¥ad of NsyinB ehré@Tate amﬁ t§ he
synbol s of3/1 ‘ﬁodemnrds are interleaved spatially within the tag.
Thi s ensureg ?WFDGM“ urst error (an error affecting nultiple spatially
adj acent bits) d&smagdd sanboliniepavrrtalinberatidly cehprinotas inchegagahnd tgvgmtals ofri ni mum
number of gy abelaSwd i zﬁ@iﬁteﬁ&@edcsggﬁﬂp&m% Mm&g Méé 'tﬂaga bi& el dfdpod that

the burst error can fully corrected. sical Tag Structure
affecting multiple spanally ad_]acent bits) damages a muumum num er of symbols overall and a

it

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

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

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

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

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

sensing device to infer an accurate two-dimensional perspective transform of the tag and hence an
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The physical representation of the tag, shown in Figure 5, includes fixed
target structures 15, 16, 17 and variable data areas 18. The fixed target
structures allow a sensing device such as the netpage pen to detect the
tag and infer its three-dinensional orientation relative to the sensor. The
data areas contain representations of the individual bits of the encoded
tag data. To achieve proper tag reproduction, the tag is rendered at a
resol ution of 256x256 dots. Wien printed at 1600 dots per inch this yields
atag with a diameter of about 4 mm At this resolution the tag is
designed to be surrounded by a "quiet area"” of radius 16 dots. Since the
quiet area is also contributed by adjacent tags, it only adds 16 dots to

t he eff ect icveatdihardirensiond] pbshion srd@rientaien df &g tag ddtiviche she Sdndort ar get st ruct ur es:

a detection ring tati J ur perspective
targets 17. The éﬁﬁegﬁﬂgﬁ&%ﬁﬁzg%gﬁﬂpa§%§°hﬁgg§%ﬁéﬁﬁb gq%F%% toinitially
detect the tag 4Thq%@mFF&QMW§SQ@H@WT@bWﬂ@Fbemmﬁﬁe@ﬁﬁyaﬂqm%ﬂﬁ@Pﬁ*mmnalIy

invari ant &ngh ae@ﬂwsr@n@wgﬂwlm c&@crn{aa@ntwmﬂmetmdutaﬁda&ﬂ&pﬁngrﬁtuﬁ%mmves nmost
of the effects of gers ect jstortiagn. ntatjon axi,s.16 all ows

the sensi ngHRFrEEEE therfee OQB‘B?]G'? ?\ { OPPEHELE 6 of the
tag due t oeatihdutatetiis @lﬁrestxhei l:eemfsi@t wedgh B0 ipthe ot atta'n@ma Bouhded b e kelislines 0 yi el d

a uni que 0§ 1'2%3&113(%& ay-'ﬁﬁl tﬂgﬂirra %15, glﬂgr%}c s{E Egcqlrvgﬁée%lg'gas gLﬂLn%YmIK r#qxge B 1S ing

device to infer an accurate two-di mensional perspective trans Fm of the
tag and hetfdeloltrit 164 driapl isdrsiegedze gt i hese é%maqrﬁ@r%‘i)olﬁaq leagfrgat foghis and

or :j en:j at i Oﬂﬁl mﬁfu}ﬂdﬁ&nﬁl&ﬁﬁﬁﬂ’h(ﬁiﬂh&%t bﬂh&\b@géﬁnwwayﬂqhalto&ﬁegﬁﬁ]h mﬁﬁarddﬁ‘éal Ml S arﬁ

r edundant rove t i i to n The overal |l tag shape
is circula i‘%gg‘mssﬁ’ﬁ%ggf?me&% ta”%.tr%ﬂg?ttzg%‘r"?‘f]&? Sliﬁil?eﬁé]l“’“?‘&’gﬁﬁ’é"c‘wl ng on
an irregul ar tri ahglhldebit dgm kythbolk of cedhrwbihigit ¢odéwonds b alldeatedaib the Blnedon@sitiect i on
ring 15, tg}lnﬁci_llqﬁgsel%a@o 18 £h8\% A rﬁ@ﬁgﬁa@ed%shggzﬁhwﬁ ﬁg%ie@w t" ﬂe tag

optimal. AS shown in ﬂ?ure 0 nmaxi m se sl ze, dat a
r epr esent etymhos &f firgde st 9@6‘@‘@‘15532@7535@% Hlgeapeg ﬁ%ﬁf@felyaﬁ C@P@apfmﬁwubﬁy t vvo
radi al |in@stg512, a radially inner arc 514 and a radially outer are 516.

Each wedge 510 hah? terféa%”“né'esd' LEBOS' on. of dOtSu 1600&;?“9 and is
desi gned so t hat 1% SPHEYEe Fidegensq o maxigisg e gvarags spa ‘Fséa“%ﬁ PEEtYetual to
this m ni symhlsiftesaieopdewdide radi al hei ght of the wedge 510 is al ways equal

to the mni mum difRasiq o Eﬁgl@ cfkkbintera%wtﬁy i relf3n {;lgpgeﬁs%%%ﬁ& &y an
array 518 of 2x2 wedges , best shown in cgure . 15 4-bit data

synbol s of SEgHeve “i‘"ﬁté’e §‘P1§’< tocgﬁ‘ij@v\iﬁ?td'ge e tag ip JeAelbef iy ’{Or‘i’é‘“ffdﬂ??fe dhtentric
synbol ri nggonldat what diBtatios h Q\mmﬂlolﬁed:T@Lfécﬁizréd, didnfdtet dTtIRMkIQ aFREY dfaBRéGiAg aS Shown

in Figures rst tPpsSlkxth codewords 520-525 are
al |l ocat ed ({flv'?eelrﬁﬁ%l?éf“ﬁﬁtngghﬁe qzeandspacmgopth ‘SR around the tag. The

interleaving is d@smigﬂedﬁﬁléafmxﬁhmes@e tnhremwéra@ger ofpbet feador deld rhmicw ihet ween
any two  sypeiRieh $hed fne k3 €arSABEnG RGBSR Ariangular grid, as shown in Figure 6.

1.2.4 Tag Image Processing and Decoding

The tag image processing and decoding performed by a sensing device such as the netpage
pen is shown in Figure 7. While a2 captured image is being acquired from the image sensor, the
dynamic range of the image is determined (at 20). The center of the range is then chosen as the binary
threshold for the image 21. The image is then thresholded and segmented into connected pixel regions
(ie. shapes 23) (at 22}, Shapes which are too small to represent tag target structures are discarded.
The size and centroid of each shape is also computed.

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

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

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

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

i mage i s beirg-maaplibitedc srhmmstxﬂmeleximmg& 1S@dftﬁlﬁqurdet' h&nend)éfb&ﬁin&hie&lﬂ@@m@f t he

image is dgte I ZPhe > GE n e 1 s then chosen as the
bi nary th(rges g%rg%gnc’)ée%ttv% pi?hnﬁ Qﬁ ci‘i%%o Qvasts ?csa&?ﬁi eg]snﬁlﬁ%fetcfmé;nd
segnent ed 10ﬁt1®12€m$ﬂtéﬁp@ﬂldw%é1ﬂapﬁqi%nof@epmpesﬁvaﬁegfo%) (at 22). Shapes

which are too smahd a)&@tafg@tpsﬁ:r@élﬁ@tm A flle hédk G be ﬁ)Eaftéd%MfS?SMﬁéh%gcﬂr&%§ ged. The
size and centroid of each sg?]p % Sl so conmputed. Binary shape rmmsnts 25
H{’J WP B 'i”df’é

are then cURPUTELS "Par "oRyliz 8P &Ly a‘ldHB’é‘té’nﬁP‘B\? Helipgsi s for
subsequent inymdnocardcs g st gekr Bémdis tattrmesnalise fteragis wEdenip easiipreghiscdaNae by t heir
nature invgp oﬂé‘%nd &Iler &Qﬁénft Is mre%%jdl% gLQ.% RAF bob SIHQQ% X?&‘uﬁ% Gh, scal e,
aspect ratio a ring et structure 'S first to be
| ocated (ath?6) deh}é@‘*’l‘*‘?lh’{'}‘eﬁ?i’sm P?Fe“dﬁd‘?/&ﬁtea]gép‘@ﬂblﬁ stergso \ﬂ@wwmy Ipogsiélédv ed when

per spect i Vetfénsdofiidigdihe Maik Glikdd AR iO ﬁ@eﬂa dq)a/ rifkSP e&ﬁmﬂafo@hﬂpaédn gm@n@le

NPS036- SG 14 r -normal i.zi ng each

Second- or dEFPROHCINGLErah [t HET B tas [ HERLEEY T PUBGRTELe even | 1
t he per spectilagrrotisston bf tortagherstatdngwi b papamy 29. The ring' s original aspect and
rotation 27 togetfef, fkQyLElE wieetSalntls 1@%@&%%% f?)@atéaf(att3b])e?90%r fa,%' ve

transform The axis target structure is t next ocate at 28).
Mat chi ng pPidhe@pritiopyare compyisd batyd emibeir Fqyn watighieltirrbingty Bodogagd @ddtieShape’ s
nonent s, amélaspt addiroxition F tiR kihg la:litghé Jaamrnaﬁu{etamagvratdmg@me&ds @hﬁﬁymg the

second- order ed. t he i S easrl ni zed.
Note that 1’1115 no?TﬁHza dons ¥0 a&l ir;nge 5 mf)menés Po ce %I.elir %eaori ri'rrsmam ts are n c? fg?

possi bl e oviiceprpatspeoirs t@@etStaweeaww wcogiiipe andsthmtpt@etr@seéted) Palglecsam@#rgmoskmd to one

si de to Maggntlih maRQSHerBinal N@Jngld@usme e berdpkctive Rk xrerrﬂérsmh % bDthe
rotation-nornalize th&ﬁ axl s target after it has had the ri

n
nor mal i zat RERSIYFIHITEY corrtleof higuary, gt KIGWR £izs, & 188 PPy #1dGH © bgghdcﬁ‘ie‘ﬁ‘éf the axis
target's afkdedom ﬂ’el‘@ecam tﬁlnatftaihgehs iBferdddi (g 30)pbased @h AdlViGY th)WOMinbtes008 equisns Ul

appr oxi mat . [ t p2 Ihe [ spective
target st rtg{a“ gésﬁ)%ag e ti?i{'&%% 3 a%? 8‘9%2’ If‘so(i'*:at ec#’?rgt %5’3‘1 ébajscflfl I'hates of
t hei r posi¥Ypwive aaf dmegsnBuvies MauwedThseis. tPrei rof KEEINUs phafiligimiz af 3?4‘@?)’8 hips to

the ring angniiosi BepbrtiNg RICB/CSDLH98 16 FRE 8939 Aot @liAlr whibh ¢ hekdiEindoldfited 80 t he
rotation of tre?erencel)s Mat chi ng proceeds by applying the

CIross-

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

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

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

successfully decoded, then no pen position i3 recorded for the current frame. Given adequate
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ring's normalizations to each shape's nonents. Once their second-order
nonments are nornalized the circular perspective targets are easy to
recogni ze, and the target closest to each estinmated position is taken as a
mat ch. The original centroids of the four perspective targets are then
taken to be the perspective-distorted corners 31 of a square of known size
in tag space, and an ei ght-degree-of- freedom perspective transform33 is
inferred (at 32) based on solving the ,sell-understood equations relating
the four tag-space and i mage-space point pairs (see Heckbert, P.,
Fundanmental s of Texture Mapping and | mage Warping, Masters Thesis, Dept.
of EECS, U. of California at Berkeley, Technical Report No. UCB/ CSD

89/ 516, JuprecedBBPpwirhed ddaityenb@-nghimuihfiekhofaviey e, en RltdrGar prokeat webiey
cross-refergr - ianf ag- space to i mage- space perspective
transform{ega%%%heg%&ﬁrtﬂc%jcgﬁl _%1 ~36) each known data bit position in tag
space i nto i mage Tapeltancgtingr datat indicatep ghe- ijartijed thyorsgien epmtaining Wheolde prg the

bi I'i Pearl Ypokiﬂﬁ_rﬁffmmfgtyﬁth{néﬁlﬁe réoh, Alh@c&gyﬁosfﬁeﬁ SVaie paﬁﬂ?jgﬁlgggr_e@&ﬁs%l v?lliag the

i nput i nmage. revio conput ed. L ma res is us 0
thFeshol d-Bhe PUsBrES 35 ok e BT Pt FRETE Bt 0D ER B¢ S PSa EVRom 560 dat a
bits 37 hasbecrizdemtho bz andrbcknbwn dphtiabreladonshifeltirenthe pdaw physical 6Lis idttheless -

Sol omon cogdguprées is decoded (at 38) to yield 20 decoded bits 39, or 120
decoded bits_1n total. Note that the codeword synbols are sanpled in
codeword ot#@r, $8WMARt codewords are inplicitly de- interleaved during the
sanpl i \r/m\g pr Oce|SSD§c-51ﬁth§ h@&sﬁl@ﬁ@@fegi&ﬁlﬂ,%td@ﬂb)/anﬁ@lﬂﬁhélaﬂvé\p@htﬁhﬂﬂﬂ&_ .e@ech% ]Ehe g

i mage whos elatiopship.to t i mage , guarantees that the .ring, ound,
o art ortie g R ERE Ml b dods e pEBLEA G5 BBl SR A oot i |y
decoded, tthzrd meopén lgggdh bf thntag withirehoregiedmisobe knbven. Tlis iseiven HyraatmemapG ven
adequat e &E&Qﬁ@mé%%?sagﬁ gg%mamggggpeégsn@aqoﬁgﬁo%hihgzo@aﬁsmgﬁ% InfPliasd | €1 d of

view 193, an alternati r at egé‘gl nvol ves seeking another tag 1n the
current i ntgEm eV g &Y 2t e OHEs etrrgrdTiEs oS 4B dentity of the region
contai ni ng the t agsgandg réthas thp @fitnid Bel 10 filetiRQuifagregivl Rithagshed FRGHa® ary AN
accurate position 35 of t pen.nib in the redgion |l a t he overall
orientati oa%?oé gotf Slfrﬁcee ?eeh,@g?nsm%hﬁ% N SERT S l?nééha(%l%m ?ﬂlf ﬁl?”rg\(%%e?ﬁ%n%ﬁhg rséa%%ct ive

t r ansf or m ta3nunbsine poherep, Gey cehasotshare thavdme emimown spati al rel ati onship

between the pen' $nddhyisdpGala rébfdnSnv@d rdirdGabRESY (e re QR IDCRus, 3%kiSa reghordDPa 129 Map

Decoding a t results_in aregion ID atag ID and a tag-relative pen

Cr ans or m g7 B PR R dhe) g AR qany by e PEpal 8 bHEARIFETAe AP Ldh be

t r ansl at edag lotagorawittthbotegivg ahdtha tap-calativg fich ilavatioR@an tieaddpddo the gie Gatatioh ke

| ocati on %ﬁel&ﬁ%&&%_p@l}]ﬁ)&li&&ﬂﬁ e‘?%iio‘ﬁ.” must be known. This is given by a tag
i'’ch maps

map, a function ] each tag IDin a tagged region to a
correspond-h8 | ofgdinghSchpmest ag map cl ass

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

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

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

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

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

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

codi ng schedieigadhbicoObjetrtiiicadiy, tagh db hotD therafoieC upptsetht E@tuteag‘ aﬁtabsldmteLji’eﬁ

descri bed r r C d

"l ocati on- ﬁ?%{d:ﬂégd‘) howé‘m %Ss%&lé 8%§a§aemg&“¢é)usg& Sg%n al teé’?’ﬁtg%nisf‘/&éﬁﬁ%dl ng
schene use%eqmpeweeﬂmrl@ahq Rgoveiatyd e Ardaeraen: e nlisplacsmen tiiomepne sgrpsdremii ns a

tag | D wWhi gRitiod¥h 88 ndxt it 268 chd Ve QhtHbichdily baGmABP associated with the
tagged region, yields a uni que taglllocatlon within the region. The

tag-rel ative | olStTPoASHP “i‘gh‘@a"b‘%‘ﬁ of Maiidedes WVERel of &g W“B&é?lfit‘a‘i‘fmé’ds yield
t he | ocat i @¥ind@fin Kdp8S. [B&ﬁdedﬁahd:nﬂpdslh&l gaﬁgbmand]'vm Sne of PQ BYIind BOS40USIERbId. O
determne the lo atlon rela rface elenent in
the page descripfione g‘ghs?%‘a 3?2" ﬂ\}ﬁag 0 E‘Pongm%de¥m%&ﬁ@ﬁfy is the user

i nterface el enentingetE4¥ copichdints [ER) 38ckhe etsmnpepntlha@b;mlﬁfbm md EQx40held mostbdhie user

interface gl ooRnhd bhSchbdeR hkdloRInantt@aatli Q0abd1di cating tags therefore
trivially support the capture of an absolute pen path in the zone of a

particul ar user F‘Pﬂ@wrat@é i Figtre 4P shop foyp fagt $Q0; ang e cat-fimepsionsy sedbnehiths a t ag

| D whi ch  ciafnfi€ pbsjtiohd £82t WHidh@Gtisy KIS B8. Hobitd AlR6e 584ed>f&ﬁ@m1p1e BoditvAs RagRo
description as OCI ateg?vmth t he reqgion. %one of t he

t
shewn, n, if éhe ndtlstafxce ﬁEo one amAlelpﬁstltlon %gneé 1&%&1{: t hem

user interface”
all identikala sample pdsipehdreelias hPEﬂ&&sS@lelﬁasmmhx&bds ngui shabl e.

Cbj ect -1 ndi cat i ”%tﬁear%]wa% J%%t is 4 4h:er£§fa9 %‘euss%&'B%%#r &Qﬁ{m & ph‘ﬁ% Gaffendl!

absolute pen path a relative pen
path. So |emystds Ietsériéan;i’@émtm (Iﬁ‘thesta;mlraﬂ nglplufgrﬁ@wecrmleéibee@gxu‘swoz:@cttrhe

encount er eﬁn&mng&&gm@aaca{m dhd}¥n Q,Ee%ml@t%@m&nﬁanfﬁ%@&%ﬁ@rﬁej fd pen position
to the next with stroke can be unanbi guously determ ned. Assune a

sanpl i ng wavel en&‘{“ﬁ e&%‘er)@g’éﬁdc%mf b W&%/Bﬁ“‘éﬁ@t“l‘] ceppergiion wijhy agsogiated Vit onshi p
as def i nedenierts EQhSSetpaEd)d’s u&dﬂ@te@dﬂp&(b&ﬂlbnt@ﬁfﬁhat 4 @b ﬁﬁﬂi&%a&&mﬁltheq:ﬂﬁteﬂag& one of
quat | hol.d eadsflﬁga& he

d | L
EQ 39 an E 40?p\i{3\/1l-ograate Sensllzlédzvlce u'so et %r% gti% © T ad nﬁle tsens §1§e

rel ati onshi p de
assunpt i orﬁpplhmateb@ﬁlwsq}@%@n@aﬁ@lwnlﬂ@azﬂﬁbfﬂeﬁrmst be incorrect, and the

choi ce is {heref pbeunennmit EeebEscrasiongat ed. The illustration in Figure 60

shows four tags 500 and a qne-di nensi onal stroke of six
A preferred embodiment of a document and page description class diagram is shown in

Figures 25 and 26.

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

- instance of a document and page is also described separately, to allow input captured through a
particular page instance 830 to be recorded separately from input captured through other instances of

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

sanpl e positions are also shown. Frominspection, if the distance from one
sanpl e position to the next is Xs, then the distance froma sanple
position to the alias of the next sanple position exceeds 7<,s. If the tag
wavel ength XT is 4.7 mm as discussed in earlier, then the sanpling

wavel ength 71,s nmust be less than 2.35 mm If the tenporal sanpling
frequency is 100 Hz as required for ﬁTclr?urate handwriting recognition, then
t he pen speed nust be |less than 235 s to satisfy EQ 38. Wth either
taggi ng schene, the tags function in cooperation with associ ated vi sual

el ements on the netpage as user interactive elenents in that a user can

i nteract w th thehpgrésticest tpaget abdkadt AguREht &PEH G oh &e Pagh &Gt AAPwdewtGe | n

order for taqg.data to.be read hy the sensin evi ce.and for appropriate
response to1he agcoepﬁeoifﬁtd LY ?n(r?\ cﬁhoélybr?gﬁ g"é“geg NS tetgne ST“?WI\W@MGE
DESCRI PTI ONS8 werpnaf ler reaudstoprisodsniiraugiof pantefoeitne differsntdbagages, desamiplt | on

cl ass di agEaMres, BB QMR ndebt HEIRGMERS dSnmaR BesBtiod & hd1: @&h&aﬂ@wssa{e%,itm%m a
docunent is described at three levels. At the nost abstract | eve t he

document 8%E°HASTgey BieHyre Ree4ions p1 A RUGHY PPEREE: er mi nal el enents 839 are
associ at ed wi t h Aclfitaedit doolmeRC138 cBb3is D06 Reta$ fdrpatied pdpp AekSptiofses acktof | €

obj ects, 1Bge Q0hEG Ser Glibimg (%eemingieeé&%&y @%F‘Eachsforp%h U5l AL A REA NTET
with a particular page size and according to a particular user T4cal e
factor prafearamens 58 phthe gigeuhisriefides thp afvnscacd maviclemetiesuc a dyredinkrend ed.
Formatted {hefpdimal el ements 835 will in some cases be associated with

content objects whjch are different fromthose associated with their
cor r espondi ng tefd‘rd°ﬁ§1°nté1?s@ﬂ‘i§ﬁ%]s‘f°“ﬁga?‘w @&If‘%ff‘“?‘?g\ﬂﬁé’f“?t% el RBERN e S5 ect s are
styl e-r el agagdinstir@cstB3@readhtod cvhich ngtegnais tof pae decipiens oxhdfopagel dosunghts 0

descri bed éa%?%@%%ﬁﬂrée ssto‘agfgxgdeg’é’\éi&gﬁ%h?e PG od NEAYGRaEne 1%@{ I?rs%‘& t page

i nstance 830 "ecor separately from nput capture ough ot her
i nst ances %fPage A@228 TN St RIE ST JopmedirinstarP J0 e Sentsiamomyd 2 prea sgvreted  of t he
nost abstraeblg@acunent description on the page server allows a user to

request a copy of, a document i thout.pelnp forced to.acqept Lhe source
document ' s speci %55 87 EL e 2 (& Y hE PEGEET g A " EBPY I bugh a
printer wi ¢dly exisd iffifrevogininstprgeediiziaformbim. Brampyre:link @oamesssifor a hypedinlpr esence

of the forgalhOlcAQCH B ARRCLERUDY HbnidGRRIE ﬂ?egfra%/q%stﬁlké, s, klie page

server to efficiently interpret user actions on a icular printed page.

A for mat t eWSRIGTHIFEA 2gisH dagilibeqaese Frecgrds wput grecifip forthf RagsinsPaefe AR €652 pt i ons
5, each of instarbd ddbs 0Bt Bdvevedfforatatedleniits fudk A@dxifieds. t er m nal el enments 835.

Cach {or et =0 SRR PR 0L ol 81, QRS0 00 W0 ol T
fields. 845 or a page server command element 846, as shown in Figure 27. A static element 843 can be a
style element 847 with an associated style object 854, a textflow element 848 with an associated
styled text object 855, an image element 849 with an associated image element 856, a graphic element
850 with an associated graphic object 857, a video clip element 851 with an associated video clip
object 858, an audio clip element 852 with an associated audio clip object 859, or a script element
833 with an associated script object 860, as shown in Figure 28,
A page instance has a background field 833 whick is used to record any digital ink
captured on the page which does not apply to a specific input element.
In the preferred form of the invention, a tag map 811 is associated with each page instance
to allow tags on the page to be translated into locations on the page.
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 ID servers 12, netpage application servers 13,

netpage publication servers 14, and netpage printers 601 connected via a network 19 such as the
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A docunent instance 831 corresponds to a formatted docunent 834. It
consists of a set of page instances 830, each of which corresponds to a
page description 5 of the fornmatted docunent. Each page instance 830
describes a single unique printed netpage 1, and records the page I D 50 of
the netpage. A page instance is not part of a docunent instance if it
represents a copy of a page requested in isolation. A page instance
consists of a set of term nal elenent ,,nstances 832. An el enent instance
only exists if it records instance-specific information. Thus, a hyperlink
i nstance exists for a hyperlink elenent because it records a transaction
I D 55 which is specific to the page instance, and a field instance exists
for a fiel dtepkeasmmitaanse it records input specific to the page instance.
An el enent |nst§1{11ec§3 does . not exi St howeverhi 11fordst t| elbetgents such as
textflows. A ter MhEPEs SRR EENT B o4 SSY SR SPERES SPEMRYPETT i nk

el ement 84gkps, @rififre| agplshtopemd pul#Biony, awl hede asé!pmzesr vm@rmﬂurkedc@n@ﬂtlt 846, as

shown in FigiRatds userd ofd 8kd & aeklg‘rﬁf‘gnﬁroﬁﬂ& 58Ar BEathenRhedd Gre! i TpbbatiSf 7 W th
an associ ated style object 854 textflow el ement 848 with an associ at ed

styl ed t exToEpjoat it g provides Waﬁcﬁﬁ’@n?eﬁe%m“ B PFS%fﬁeda‘é’g‘@cF H{R¥E° PafRge
el enent S%Weﬂmﬁm@eﬁlkmmat&ﬁ @bant fae BBcripGEe ﬁiidaiagﬁn@fn&ﬁmhe n@Rgect 857,

a video cI| e t 851 .with an _assoc ide obj ect 858, an
auti o ot 1 prbr BT e nipalt SR8 Bk B0 AT b B S e
scri pt el eveptalso@BEtags per ot yalue dirgpddbagedpsiapte, @b]ltewh Geetpagagn@%wndl n

Figure 28.y a&aﬂ&t 'di}&hﬁl'ﬂﬁ@e Qﬁopﬁatp%@égéﬁéfnﬂhef%’ﬁé 38 R hhy | sSchUgRel t O
record any igital ink ﬁt;l)]tured on the ich does not apply to a

speci fic i TphE LhedrEspione T‘P?éresﬁ\"l@f“é??géd form of the invention, a tag map
811 i s associ at ed wpafe Eaedivepapallicisd &rasent 1 il erdtrﬂaﬂQSmcDﬁrohh@ Ip@ige to be

t ransl at edbair% Oég%ggengg%aq@d ﬁl%caﬁgtgsgheﬁ'é‘ 4 THE NETPAGE NETWORK I n a

preferred e a netpage network consists of a distributed set of
net page page S e P\asipage prnter e %ﬁ@@@é@ﬁ@b‘ﬁ?ﬁlﬁa@ﬂ Systep(BNS), arpimiliptogegec | D

servers 12, nef}RieRLDAD Ritd GAtekvik DBEMOF e Qe%age A PG Barfalikyl theCBirdsRAdBLT VEr S
14, and net a‘gﬁﬁtﬂgrl nters 601 connected via a network 19 such as the

NPS036- SG ¥net, as shown in Figure 3. The netpage registration
server | | is a &eﬁmwe ampfitatibn seee0B ds: serebrathich hehiipsachietveen appberiens. A pens,

printers, gppld p‘ﬁﬁkht%ﬂ §er@epﬁj4 £ prépbﬁo%dn%}%er Rl ploHGE SRR UbIMRAEAZE FerY@L | OUS

network activities. henticates users and acts as a Signing proxy on
behal f of %{l}i‘feﬁeﬁtew%f‘f‘éﬂlbﬁ%léf‘“éaﬂi‘ﬁsﬁbﬁﬂgt cation transactions. It also
provi des handwr i Nesge ' R668MNah | RNhERE VUnC 8 Svaridhs oﬂieﬁafo}meaﬂveat;ﬁam;nsaﬁdmet page

page server 10 main | f or mat about descr tions
and page i NSTEACES Sucﬁ' Iﬂﬁ“{i létps netalellgrIg %Pfe GEFERRY S E)‘mg‘m hg

servers, eeachsitederigbt mg aamsbbgmr cmbepi&g@utpmwanm@sber @lhpﬁ@esqnepuglé Of the
functionality provided by netpage servers, and in particular the functionality provided by the ID
server and the page server, can also be provided direcily in a netpage appliance such as a netpage
printer, in a computer workstation, or on a local network.
1.5 THE NETPAGE PRINTER

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

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

The netpage printer receives subscribed netpage documents from netpage publication
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server al so maintains user input values for each page instance, clients
such as netpage printers send netpage input directly to the appropriate
page server. The page server interprets any such input relative to the
description of the correspondi ng page. A netpage ID server 12 allocates
docunent IDs 51 on demand, and provides | oad- bal ancing of page servers via
its ID allocation schene. A netpage printer uses the Internet Distributed
Name System (DNS), or simlar, to resghve a netpage page ID 50 into the
net wor k address of the netpage page server handling the corresponding page
i nstance. A netpage application server 13 is a server which hosts
interactive netpage applications. A netpage publication server 14 is an
appl i cat i osregiy dachwlobudndiiitaiee i Mepipage pdedynes)tsl thacndtiqaame imfe i nt ers.
They are d i tall n [ osted on
a2 var ety Pk Pelppaf B Buees papE it Rt LRE RGBS EAR A foN

Hew et t - PaRacigrler, subsaidbesingd so wapﬂltgﬂﬂeto fhe tsyagersSoripier we téawpfoawtmmzvare nt | y on

a single hogt andamsgea,bﬁwgh Ghe SREVERLI, GRNy BRI IS WiNbBY sé8lbed My bhgE Of
hosts. Sone Q@ functlonallt EFOVIded by net page servers, and

in parti cu’in‘é\lflcaftlﬁoea“fsﬁ‘ﬁ%ﬂtbfrér?ﬁ}“im?9“ SISO S B fRE™I D “server and the page
server, can aIsoTbEmmmgymwwamms&mﬁbymmnsawmqmpm@&maﬁpbummmemﬂmnhmas a
netpage p. d 1.5 THE
NETPAce PRREE e RO TR Elcn i hea b o Qi R en b s - et e
with the n@Pﬁ%ﬁ@d§V@$§ﬁ%%ﬁﬂﬁ°b$@ﬁls net page docunents on demand and vi a
subscri ption. Ea@hcepﬂhé PuRdr Had fecaived thdtbipRicl fAkLTayduld £ objeddflatl &fifOMBIECt €d tO
t he net pag a ne such as the Internet, ideally via a

t k v
br oadband gﬁgﬁﬂggg? AB@??“¥$ %*?ﬁ%htlty and security settings in

non-vol atile rrerrﬁhtypnnteherstﬂaqugempsmddwevercnaa«tsamgann@lslpen botls tidmatof &t or age.
As far as &eéﬂsﬁrcohténs‘?%ﬁ%n&ﬂa WO o 1 %ﬁ& ﬁ&ﬂ@@ ififin Mélﬁ}eﬁﬁges
function interactively across space ‘and time w t hel p of

di st ri but eprinfeadpatpdorshiz@meey ver s 10, i ndependently of particul ar netpage
printers. The netraalg&uﬁgrﬂr&feﬁrcoﬂsﬁ@af M@Sie@qb&icstagéaeﬁstaﬂ@agepag@@dmmns from
net page publlcatlon‘y 336fSG 19 s ve § ?ﬁﬁ 1S di stributed
. b par B4 P S0 e g R LA E S BT TR BRPECt 5

whi ch popuﬁaﬂ@dﬁﬁés@ﬁgesmwBeqa@&é’Bﬁtbﬁws@m&hnmamlgmﬁdhag@mMbeuswmare
typically ﬁrQ&ngxfs Luftictl Qpfhd, IR bldpiihe@hee MRS EH tlfme ARk RAWEm RRL-ABS4s L0 the
subscriber's printer via the appropriate page sefver. Text and | mge

obj ect's, off® PHEE Hdbe PR TAEReSr e typical |y shared with other subscribers,

and so are nul t pA@&&E ndt enabibd foSIRIPSian: BRE e oftioh it RihSa@ RdhgdIRabaREv-MMk at € page
servers.

ink, although this restricts tags to otherwise empty arcas of the page. Although such pages have more
limited functionality than IR-printed pages, they are still classed as netpages. 7

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

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

A preferred embodiment of the neipage printer is described in greater detail in Section 6
below, with reference to Figures 11 to 16.
1.51 Memjet™ Printheads

The netpage system can operate using printers made with a wide range of digital printing
technologies, including thermal inkjet, piezoelectric inkjet, laser electrophotographic, and others.

However, for wide consumer acceptance, it is desirable that a netpage printer have the following
NPS036-SG



The net page publication server optimzes the segnentation of docunent
content into pointcasts and nulticasts. After receiving the pointcast of a
docunent's page | ayouts, the printer knows which nmulticasts, if any, to
listen to. Once the printer has received the conpl ete page | ayouts and
objects that define the docunment to be printed, it can print the docunent.
The printer rasterizes and prints odd and even pages simultaneously on both
sides of the sheet. It contains duplexed print engine controllers 760 and
print engines utilizing MerojetTm printheads 350 for this purpose. The
printing process consists of two decoupl ed stages: rasterization of page
descriptions, and expansion and printing of page inmages. The raster inage
processor d¢hkhddrisensi sts of one or nore standard DSPs 757 running in
paral l el . The duplexed. print engine controllers consist of custom
processors mhich&g?ra_§qm‘§”ﬁ§f§5nf print page finages in real tine,
synchroni zed wi tMghtquditoipepdttibon of the printheads in the print engines.
Printers not enaphfti.b@f | R printing have the option to print tags using
| R-absorptive black ink, although this restricts tags to otherw se enpty
areas of the pag@Wpﬁm?ﬁﬁﬁgh such pages have nore limited functionality
than | R-printed pagesestt hey are still classed as netpages. A normal netpage
printer prjints ngtg%gqgﬂon sheets of paper. Mdre specialised netpage
printers may prin?' nﬁo'nnre speci al i sed surfaces, such as gl obes. Each
printer support ssimple dpegtian one surface type, and supports at |east one tag
tiling scheme, apdihaaegitigad map, for each surface type. The tag map 811
whi ch describes the tag tiling schene actually used to print a docunent
becones associ at@PPERPFhat document so that the docunent's tags can be
correctly 4 nter pieil@eousdoieselePprmbigpns t he net page printer class di agram
reflecting.print&&;&fggﬁacmjnfornation mai ntai ned by a registration server
11 on the netpage network. A preferred enbodi nent of the netpage printer is
described in grebwemwyemammnmm Section 6 below, with reference to Figures
| to 16. 1.5. JNNE&Hﬁe?&aﬁMxBﬁdbfétphﬁﬁg&cﬁﬁbﬁ%MEQﬁ@&es’é)ﬂ%}a@t@ﬁs@ié’sﬂ operate using
printers made with a w de raggg of digital p |nthg technologles,
i ncl udi ng t her maf ® PRRIF &t PogriR L PEyers Pib he-cpasqeteriftisg die PEPEE EPEBRIdEd gr aphi c,
and ot her sinventcibavaweptint técbiology, Gere:0 Rsl Memjcdl celpblagnc Bemjet™ iss ddgen-dabhd t hat a
net page PrLALELANANG ohll ol Rl AP RRE A ANRLR B Rl Sl Sinica
photograph#% qd% It éo?%fﬁﬁr.ﬂ%gﬂﬁ |g% qua.ﬁ%y ?gxfzﬁflﬁ?}ng .
gystems (MEMS) technology. Figure 17 shows a single printing element 300 of a Memjet™
printhead. The netpage wallprinter incorporates 168960 printing elements 300 to form a 1600 dpi
pagewidth duplex printer. This printer simultaneously prints cyan, magenta, vellow, black, and
infrared inks as well as paper conditioner and ink fixative.
The printing element 300 is approximately 110 microns long by 32 microns wide. Arrays
of these printing elements are formed on a silicon substrate 301 that incorporates CMOS logic, data
transfer, timing, and drive circuits (not shown).
Major elements of the printing element 300 are the nozzle 302, the nozzle rim 303, the
nozzle chamber 304, the fluidic seal 303, the ink channel rim 306, the lever arm 307, the aciive
actuator beam pair 308, the passive actuator beam pair 309, the active actuator anchor 310, the
passive actuator anchor 311, and the ink inlet 312.
The active actuator beam pair 308 is mechanically joined to the passive actuator beam pair
309 at the join 319. Both beams pairs are anchored at their respective anchor points 310 and 311, The
combination of elements 308, 309, 310, 311, and 319 form a cantilevered electrothermal bend
actuator 320. _
Figure 18 shows a small part of an array of printing elements 300, including a cross

section 315 of a printing element 300. The cross section 315 is shown without ink, to clearly show the
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high reliability | ow printer cost | ow i nk cost | ow paper cost sinple
operation nearly silent printing hi gh printing speed sinultaneous
doubl e sided printing conpact formfactor |ow power consunption No
commercially available printing technology has all of these
characteristics. To enable to production of printers with these
characteristics, the present applicant has invented a new print

technol ogy, referred to as Menjettmteghnol ogy. Memjetrmis a
drop-on-demand inkjet technol ogy that incorporates pagew dth printheads
fabricated using m croel ectromechani cal systens (MEMS) technol ogy. Figure
17 shows a single printing elenent 300 of a Memet printhead. The netpage
malIprintemkhmcnﬂp@nﬁkeﬁmﬁﬁﬁﬁﬁah@mh@kkmg elenents 300 to forma 1600 dp
pagew dt h dupl ex rln ter, Sty e n,. mgent a,
yel | ow, bl ack, aﬁp QSM%IEQ &mWﬂwcTﬁ Eggﬁéggé%n§¥t|%%ggm%ﬁﬁlink
fixative. 3MMe prlnting elenent 300 is apprOX|nater 110 mcrons |long by 32

mcrons wde. ArEg¥s 19@fshdvR R uidichd 6sﬁﬁn&|m&15%@1@c&i@%gﬂﬂgﬁn§kl icon
substrate %Ol t hat |ncgrp rates | ogi c, data & transfer, E% ﬁg and
3

drive circHPRiS fpins et hiic nogdy ermbsr By e o fdbedhs HSHH 3 00 are
t he nozzIemﬂ&ﬂmmﬁmﬁmm@auaemﬁmﬂmﬁﬂadmmha3mmmdmbmkdhaﬁhﬁmumo4 the fluidic

seal 305, the '“Mﬁé‘gss' tﬁ D201 c&a@% Jlr%‘&’%! ?tég]ée%odaﬁ éoﬁaemé‘&%htv& m@ct uator

beam pair 308, the p ac uator actuat or
anchor 310gonirdier to &asgreet@nez@g glament; I%qhesﬁhﬁrdae 1aP.d bgffets theldela forflive the SectiglE® . The

active actatpihe Qﬁ%ﬁcﬂﬁﬂoﬂf beaf ﬁaﬂr 08 m&w&hml ele?z’mta@hﬁ@ﬂ td Shsd FiBugB B et
act uat or bea gg 309 at t pal rs are anchored at

j oin 31% 0 beans
their respBEd0% L hehge ‘B‘EIP%‘??‘%“ 3TN %’T‘l e““ﬂ% © SN PSR I e e rent s
308, 309, BhOIoul8 hdasingrmacke3thdbehun pair 308 caexbankd cAsshegelssirk atitatoobdam ipaet 09 hed
act uat or f}% ed, il LB é;éanﬁh&mmgmsmeés dﬂ%?ehcef’ofewf@& i wii»f’é%e&ﬁ s ITRlsisRGs €l enent s

300, including a cross section of printing element 300. The cross
section 318ifrges FRgpial frRdEE binT]P@ cafﬂéevewe% 5114 of by slpiepermal igpbedeiosd2® 1 | nk
inlet 312 dehdhg PasSaR iR, ThE ®&v&ialnt B0 Rradifieihis 30vkment to the nozzle chamber

304. The nozzle chamber 304 moves about two microns to the position shown in Figure 19(b). This

increases the ink pressure, forcing ink 321 out of the nozzle 302, and causing the ink meniscus 316 to
bulge. The nozzle rim 303 prevents the ink meniscus 316 from spreading across the surface of the
nozzle chamber 304.

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

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

To protect the fragile surface of the printhead during operation, a nozzle guard wafer 330 is
attached to the printhead substrate 30t. For each nozzle 302 there is a corresponding nozzle guard
hole 331 through which the ink droplets are fired. To prevent the nozzle guard holes 331 from
becoming blocked by paper fibers or other debris, filtered air is pumped through the air inlets 332 and
out of the nozzle guard holes during printing. To prevent ink 321 from drying, the nozzle guard is

sealed while the printer is idle.
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Figures 19(a), 19(b) and-19(c) show the operating cycle of a MenjetTM
printing el ement 300. Figure 19(a) shows the qui escent position of the ink
meni scus 316 prior to printing an ink droplet. Ink is retained in the
nozzl e chanber by surface tension at the ink neniscus 316 and at the
fluidic seal 305 fornmed between the nozzle chanber 304 and the ink channel
rim306. Wiile printing, the printhead CMOS circuitry distributes data from
the print engine controller to the coprect printing el enent, |atches the
data, and buffers the data to drive the electrodes 318 of the active
actuator beam pair 308. This causes an electrical current to pass through
the beam pair 308 for about one m crosecond, resulting in Joul e heating.
The tenperasure TheNepage Pasul ting fron1JouIe heati ng causes the bean1pair

308 to expand. assi ve.act 2m, Rl 0 ot.,neated, it
does not expandﬁresu eltollhsm |d?1 5 Fé“g% erence gf’?/’\l;lgg hflfh ?SWB eam

pai rs. Thi gubsdded santrolig} i‘ﬂeas eble o qastmpamt 4699dWR 9@91@11 tretiirdsya pige vieanitdzever ed

end of thesgheahd gk E:E&' is mnststasaéms BroviddQvith RS RgHopEaed me@{oq!,&ﬁtna]sﬁg bstrate
301. The Iever arm nsmts this ppvenent. to the nozzl e chanmber 304.

The nozzl e? c?ﬁ’é{r?ﬁaérmﬁ%ﬁ B%hsa%ﬁ"tsc”tbﬁ\%mrﬁ“ﬁ? il bett e SPBIT PN SN i n

Fi gure 19(hl)en thEhiitsis il muaemmetsh&cet Rkl the PRSIty tofsascClagsgt b Biic3Adraeus of t he
nozzl e 302 ' rim303
o event s ¢ RECAuRBURLARale s w260 B BEUT g B0 L2or GbPRn.ulllGy DRERYGy | | 0
nozzl e chaﬂmeqﬂ igeugrypiad artdnéreleesivp@ﬂawndéo e rrivter (preleen Prtipsths odie 9E P8O 9

equal i zes,stetnh@m@ﬁo}aemg@gda&mhfeegewtme lBovin} Sage Mbr@tb.n@l position. This aids in
t he break-of f of tj g éo‘i%ﬁ 17fromthe|nr£321|nthe nozzl e
chanber, as showﬁ HEEg e SRR 2R BT PEBHEME A P2 BFTS 'BEPBy t he
action of #dessurfagking gyies dir makmg eectybvaaus 18tlEcesdarygfionr wing Gheshipws a

t of t: t
FSJ (ralgrqfﬂeag ?ygrentﬁ) d 9%98&%% s§§e8n st a?wﬁegﬁ 1%3%%?1 R !ﬁ%}%%lgt 1%;491%:3: %@%r%@tp%e ok %

di recti on Bgeredriig f@élﬁﬁ%&ﬁﬁ”?ﬁdﬂﬁhaﬁ g unigye e 1 mzéam@eeet@%wcla%conm ete
pri nt head) diag"i§ RefRéting pbrid@lated REorARPE mainGinB® WL E rddafitioh Bvel i1 X0fl thePieipliiechead i n
the directi n. 352 The printhead has 6 rows of interdigitated printing
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The pen determines the position and orientation of its nib on the netpage by imaging, in

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

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

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

perform copy and paste operations etc. The selection is timestamped to allow the system to discard it
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1.6 The Netpage Pen The active sensing device of the netpage systemis
typically a pen 101, which, using its enbedded controller 134, is able to
capture and decode IR position tags froma page via an inage sensor. The
i mge sensor is a solid-state device provided with an appropriate filter to
permt sensing at only near-infrared wavel engths. As described in nore
detail below, the systemis able to sense when the nib is in contact with
the surface, and the pen is able to sggse tags at a sufficient rate to
capture human handwiting (i.e. at 200 dpi or greater and 100 Hz or
faster). Information captured by the pen is encrypted and wirel essly
transmtted to the printer (or base station), the printer or base station
i nt er pr et i 4figr 4 &finddaitnd pwriotl. The egpeGEledian dekeibdsleneiun of Pageingincel Ctcutisits ol he
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distortion_on.the tmjiraagmate %golg,qg t he known geonetry of the pen optics.

it oy
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posi tion r@saiith ieQRankes oflithdifesh@ Band@MGEeE MMiind REoeHHiAH FLDRIWRRRY, Uhd PP
required for accurate_handwiting recognition. I§en actions relative to a
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JECHRER sETE T i SO SIS TR
range of a printer, it transfers any buffered digital ink.

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

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

1.7 NETPAGE INTERACTION

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

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

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

associated interactive element to be determined and an indication of the relative positioning of the pen
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NPSD36- SG 23 after a defined tine period. The current selection describes a
regi on of a page instance. It consists of the nost recent digital ink
stroke captured through the pen relative to the background area of the
page. It is interpreted in an application-specific manner once it is
submtted to an application via a selection hyperlink activation. Each pen
has a current nib 824. This is the nib last notified by the pen to the
system In the case of the default neypage pen described above, either the
mar ki ng black ink nib or the non-marking stylus nib is current. Each pen
al so has a current nib style 825. This is the nib style | ast associ ated
with the pen by an application, e.g. in response to the user selecting a
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range of aofipbddcdn, sutt ast FAPST @lick, 1@ Rgistarib @it belihg labiadf rdspse AmIBpefran be
regi stered“ %ﬁ% any nunber of printers, but because all state data resides
in netpages h on paper and on the network, it is largely inmateri al
which printer a phae irstwodkgdnefirybdldmenss niatoktpage peag ylesprntion: dydedinkstapdrform A

preferred giagluiBRbehOf fortaMRIRE b &i &%%&tﬁ%nbfhn%é‘@éte@rh ghei | in Section 6
below, with_ reference to Figures to 10. 1.7 NETPACGE | NTERACTI ON The

net page pr”rter BoRertinkSei ves data rel ating to a stroke fromthe pen 101
when the pen is Ausgdink® alrrl'd:hreb%ﬁdm@la'&ﬂ&ss@emﬂirpﬁgeapiallcaffdileandQdﬁdiydﬁtﬁtaa3 of the

tags 4 is rr?n?g re?;}{)nge thé)ne%age s?slf'e I's used to

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

When a hyperlink is activated, the page server sends a request to an application
somewhere on the network. The application is identified by an application 1D 64, and the application
1D is resolved in the normal way via the DNS. There are three types of hyperlinks: general hyperlinks
863, form hyperlinks 863, and selection hyperlinks 864, as shown in Figure 30. A general hyperlink
can implement a request for a linked document, or may simply signal a preference to a server. A form
hyperlink submits the corresponding form to the application. A selection hyperlink submits the cusrent
selection to the application. If the current selection contains a single-word piece of text, for example,
the application may return a single-page document giving the word’s meaning within the context in

which it appears, or a translation into a different language. Each hyperlink type is characterized by
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execute a novenent, such as a stroke. The data allows the identity of the
particul ar page and associated interactive elenent to be determ ned and an
i ndication of the relative positioning of the pen NPS036-SG 24 relative to
the page to be obtained. The indicating data is transmtted to the printer,
where it resolves, via the DNS, the page ID 50 of the stroke into the
networ k address of the netpage page server 10 which nmaintains the
correspondi ng page instance 830. It then transmits the stroke to the page
server. |If the page was recently |dent|f|ed in an earlier stroke, then the
printer may al ready have the address of the rel evant page server inits
cache. Each net page consists of a conpact page | ayout maintained

per si st entwhat ibprmatinet phgigedrage apbcaier. (see bel ow). The page |ayout refers

t o obj ect ch f, red
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a printed response in e ne c%m‘e system A hyperlink el enent

i dent i fi esPehayior Fight fiddiurhygs ke 6h°aﬁéﬁﬂ?eé§edaﬁlt°PW'§’Pﬁlcﬁﬁ“tBFhet ‘Frgmit H?}‘ﬁerl ink, a
link ID 54atmbuté:ckfatf<dﬁmfrpeﬂmle$o firbvedelaypiaions ingit to&nhﬂpﬁcaa@pttlcﬁ]amemﬁne beaked't@l i as

required” fIa asks the system.t.o in tion
alias | D 65} ac anrd TRk act \/lé:'t‘f’o empu cag g%@%ﬁ% |%]f§1re€\ﬁ% (’ﬁ%?s used

when t he hty?yelrrhnk i's recorded as a favorlte or appears in the user's
history. {he hypemid nk el ement class diagramis shown in Figure 29. Wen a

hyperlink is activated, the page se sends a,request to an application
somewher e on t heeridsies at#f Ctﬁbﬁ?’i%ﬁgf”ﬁﬁ ‘{]g S PYE 19t PRYTR A TRdAR © gﬂ’ﬁ'i“f cation

| D 64, andhiolgh agpipled t@tagcOA formDRllbgs 4 @&0d wdait bie dr M@renaranetbrs Wway aptiligativine DNS.

There are S lﬁ; i nks: general hyperlinks 863, form
hyper | i nksé'I g\%%?pr&%%? ego{l]?ég%y hyperl i nks 864, as shown in Figure 30. A

general hyper | i nR forei7 issrosprelaens 838 dry e drcurnegt hierarpiyrik WM eaRsine 2 sSbr  ray
Si nply si Of¥@drmidal kI8 ERHSRGE9. WGorh iBRIME6S refyede@ AMprinted instance of a form. It consists

of a set of field instances 870 which correspond to the field elements 845 of the form. Each field
instance has an associated value 871, whose type depends on the type of the corresponding field
element. Each field value records input through a particular printed form instance, i.e. through one or
more printed netpages. The form class diagram is shown in Figure 32.

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

instance. When the form is active or frozen, form submission is allowed. Any attempt to submit a
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hyperlink submts the corresponding formto the application. A selection
hyperlink submts the current selection to the application. If the current
sel ection contains a single-word piece of text, for exanple, the
application may return a singl e-page docunent giving the word' s meani ng
within the context in which it appears, or a translation into a different
| anguage. Each hyperlink type is characterized by NPS036-SG 25 what
information is submtted to the applicgtion. The correspondi ng hyperlink

i nstance 862 records a transaction ID 55 which can be specific to the page
i nstance on which the hyperlink instance appears. The transaction |ID can
identify wuser-specific data to the application, for exanple a "shopping
cart" of plntwhkg thetiteohasestiwat fnized inefoted)yndanspatretitia sn fogn aplrépoat i on on

behal T of the usgly (TRCneS! SIDARIYAES) LAP aSn® nGHEL S BLEGE LD 826 i
a selection hyperlink activation. e system i ncludes the contént of the
associ at edprﬁ‘@fi/nma\'%@pah'eterys% alppseall peyrthy IMgphersion nka e inp@ptioar timgpaipbugh i f

t he hyper|jBKebR&dirbs asgm t delta” attribute set, only input since the

| ast form subm ssion .is included.. The. t i ncludes an effectiye return
path in all hype%hFWW”%%T?V%FT%W%PﬂABﬁﬁié%@%ﬂ% “ﬁ#&ﬁ%“é@%ﬁﬁgm “ﬁ%%up

el ement 838oupk BT edel of widcha®swinti ditrael ofiyipled btrokds, 878 Fachsirowrronsistsfelf gstef 31. When
| nput. Occuaﬁes&ﬂﬁeﬁgamg@aas b1eClath QLAIERL ihcﬁhdtﬁsm%n e émﬁb AR bipi 844
associated wth the group is activated. A yper |1 nked group can be used to
associ at e Hy¢lesp dipggpn is horaipifégredPt h a fiel d such as a checkbox. It can al so
be used, in conj uneldicRReMBAstat Be: ch&RTGE 2| 4 Bt fieldB 18! 4 Dty @ld sa9,fops M

hyperlink, .to prayide. .c i puous, input to an. licatign. Lt can therefore
ol sed ' eSSBS rRIRL e e it PP s A B Wb oL
capt ur ed aafibld drenegiBayassignbdip dd figld: soon as it occurs. 1.7.2 Forns A form

defines a col | ecty @0k s hALADsshiMidibodibahvalSe 4836d slo@n GARNW B. Rny Elit ed set
of inputs through a printed n formallows a user to submt one or

, | net page. A, S
nor e par an@tigh & IPE- i kppfil egﬁa&aﬁ-) capgred\ it BedkbBdiEdmersiastg Whvaedarver . A
form 867 i assiggédabifhe aél@HRMEe. 838 in the docunent hierarchy. It ultimtely

contains a set f i i.nal fiel I nt.s, 839. A.farm i,pst ange 868
represents a pri %ttgﬁ%lrefralns ance o g%%f“g‘r'an%e 8?% a?:gr?g?s glgmgﬁa.a%ngecﬁgl%lf&fi el d

i nst ances @FGredibi ikt digd’s g drritomaticalyecoficrdddo tekierrernline Igudymiing tetpgnifir m - Each
field ins{paneexPRIssRiedds 8l Gibiat O5luey BhiU hihdditindhQs&ithY RevASRRRMASI @R, t he type
of the cor espoqdlng field eleqint.kﬁ%?h“flgld Kglue,k§cords i nput through
a parti cul GF PP &R G Y-REFEAC &, Vikahara, Tihr glaig A Bt B0 S E PR ed

net pages. Rdaenftior MIEREAIsndétagy anPitems heilysis iand Maghineeln@Rigenkq Cfol. f2OMN®M8] nst ance
has a stat { i NG ahder pie] g ctive, frozen

subm tted,k@gsﬁd%gmecggﬁ%g% ﬁ}%%&n%ﬂ} sdggjgﬁafeggy V\ﬁén eﬁﬁ?e st printed. A form
becomes frozen opfdigngnyre field has an associated digital signature value 883, as shown in Figure 37, Any

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

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

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

Because the handwriting recognition algorithm works “online” (i.e. with access to the
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signed. A form becones submtted once one of its subm ssion hyperlinks has
been activated, unless the hyperlink has its "submt delta" attribute set.
A form beconmes void when the user invokes a void form reset formor
duplicate form page command. A formexpires when the tinme the form has been
active exceeds the forms specified |ifetime. Wiile the formis active,
forminput is allowed. Input through a formwhich is not active is instead
captured in the background field 833 gf the rel evant page instance. Wen
the formis active or frozen, formsubm ssion is allowed. Any attenpt to
submt a NPS036-SG 26 formwhen the formis not active or frozen is
rejected, and instead elicits an formstatus report. Each forminstance is
associ at eddypaticsSf thanpeh noadiyent), okt that ‘afiRe’s (idetvity @dest bAMd § bithdpUs pepr ovi di ng
a version hist .. This.allows.all b t t ersl.qn _of formin a
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as di gitala jwpiker-ddppngprt Afaining kphgse3 Ac wrisi-depandenf medaed eaqf hepdwriiipee &t antadeally r oke
groups 874gep&ﬁéafbv9fmn\eﬁhb@aelc9mm§ene,fate@13§§4mi@ﬁece%saxs!,ed strokes 875. Each
stroke consists of f ot rrestasgspcgwpen 6%%3|%| ons 876, each of which

.a.set o {
al so i ncl udes pePlgﬁg}i“g‘nisé{r‘?a@hmé‘?ﬁid""ﬂ? oot Frogps P Afoke e ¥TEIE g agr am
i s shown iapakicofer ebmdd’s zéuefid @behdal te hendenBdS dipiinl ilbkestreang hedyikthonebiertiah. 877, a
text field,87 ' fie 79,.. Ol I; fj { field
el ement cla _ssg |eglb°?é%1\é4d§(gtsoh%v\4ﬁg f'tﬁs %nalﬁ]%]éﬁ?ﬁ'ﬁ ‘Aﬂ’@%%‘ﬁ?tdéeféaig“ﬁ%%’gda%%fed in a
field s zohgtbgkfrsapssi gned to the field. A checkbox field has an
associ at ed bool edgiMahkiRafald indfhe PAXMIuddNfid GULRrpABd ANY séiRbibn pdshirel | CK, a
cross, a stroke, a f'tll Zi %jzagi etc.% gapt ur e in 3 (:he\g(f box fi elbd' S zone
causes a tTYIETYHIIR of o ohECELEYHBEIBY REFIE 32 SIFEMUE BoATTERE™FS el d has
an associ adbizdts,tabhoughab agi@al 3Zpretation Shppinatiomspedifiur e 36. Any digital ink
captured in a texlydd GhilaRe AR08 atichs fALQANRLLE Y YndgRverted to text via
online handwiting recognition, and the text I1s assigned to the field's
value. Online handwiting recognition is well-understood (see, for
exanpl e, Tappert, C., C. Y. Suen and T. Wakahara, "The State of the Art in
On Line Handwiting Recognition", |EEE Transactions on Pattern Anal ysis
and Machine Intelligence, Vol.12, No.8, August 1990, the contents of which
are herein incorporated by cross-reference). A signature field has an "
associ ated digital signature value 883, as shown in Figure 37. Any digital
ink captured in a signature field' s zone is automatically verified with
respect to the identity of the owner of the pen, and a digital signature
of the content of the formof which the field is part is generated and
assigned to the field' s value. The digital signature is generated using the
pen user's private signature key specific to the application which owns
the form Online signature verification is well-understood (see, for
exanpl e, Planondon, R and G Lorette, "Automatic Signature Verification
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The system maintaing a current selection for each pen. The selection consists simply of the

most recent stroke captured in the background field. The selection is cleared after an inactivity

timeout to ensure predictable behavior.

The raw digital ink captured in every field is retained on the netpage page server and is

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

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

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

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

entire background area of a form can be designated as a drawing field. The application can then

decide, on the basis of the presence of digital ink outside the explicit fields of the form, to route the

form to a human operator, on the assumption that the user may have indicated amendments to the

filled-in fields outside of those fields.

Figure 38 shows a flowchart of the process of handling pen input relative to a netpage. The

process consists of receiving (at 884) a stroke from the pen; identifying {at 885) the page instance 830

to which the page ID 50 in the stroke refers; retrieving (at 886} the page description 5; identifying (at

887) a formatted element 839 whose zone 58 the stroke intersects; determining (at 888) whether the

formatted element corresponds to a field element, and if so appending (at 892) the received stroke to
the digital ink of the field value 871, interpreting (at 893) the accumulated digital ink of the field, and
determining (at §94) whether the field is part of a hyperlinked group 866 and if so activating (at §95)
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val ue 871, dlglmtlekprcempumteﬁta\mbS@C:‘J)BlptOﬁ@e apepiaH regisgetiogisgyet. ahd dssigeingfat #He fi el d,

and  det er i QinAed Rlnp@Rd 4kt WARKDR Rzai&é‘ﬁtefnbtﬁk%dét&m&ﬂa {at 802) @he‘&:hépﬁé ﬂiélcﬂE?d gr oup
866 and if so acti vaF| ng e associ at ed tthIJO]

(at
al t er nat i ve§sugdeld apd lﬁwanf('a% (38%233 theyigitahigk astheesignasire pf theaym e PR it
cor r espondeld @ ta aﬂ;tﬂﬁlhtle irddistraior feRt, camnilg (4 903|an Eh@itdl bigﬁatufbg)fﬁﬁtcorﬁéﬂﬁ))f ihbe

correspondloilzgS thdee EhSO m@l%e}ﬁ;&atl velgysmm1011 AL Fn%glts?%g gpgl}%wnerdg rf‘),%{t field

or hyperlin app he recelve i nk of
t he backgrwnfdreﬁ‘aeﬂe]dm@s@the enEsPewsing iapriication. aigiosigning €at PRSE ti digite! §W@f€é°to t he
current sglgadi.en 826 of the current pen, as nmaintained by the

regi stratlgp seryer. ﬁe 38a shows a detailed flowhart of step 893 in
the proces 3howh 9% ?f?'% AdS here the accunul ated digital ink of a
field is interpreatmeg gseototinag] &a@ cotmarklyhich af hadndlel bea@ly dy thd Ppage sproCIESS

consi sts of eQE%]‘ﬁFeEﬂg%@&m,(pﬁé agg(@mm%ﬁ&% the field is a checkbox and (at

897) whet he represents a checkmark, and if so assigning
(at 898) a true W&féewc?lﬁ@ﬂ#?@lc@hﬁalvaléformafrwrlﬁ%&&Wplycafdéfmpqﬁmm%g (at

899) whet hey, 1 Ret forke bddnkagia S10t £k fokrh @it @REhakdf915.0 RPRWE bdok BEnrk-ad 920P) the

reset page command 913, a get page status command 914, a duplicate document command 915, a
reset document command 916, or a get document status command 917, as shown in Figure 39.

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

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

involved in producing a new form instance. A button requesting a new form instance is therefore
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digital ink to conputer text, with the help of the appropriate registration
server, and assigning (at 901) the converted conputer text to the field
value; alternatively determ ning (at 902) whether the field is a signature
field and if so verifying (at 903) the digital ink as the signature of the
pen's owner, with the help of the appropriate registration server,
creating (at 904) a digital signature of the contents of the corresponding
form also with the help of the registypation server and using the pen
owner's private signature key relating to the correspondi ng application,
and assigning (at 905) the digital signature to the field value. 1.7.3
Page Server Commands A page server command is a command which is handl ed

| ocal | 'y bywmhﬂym@@ﬁwﬁemwehmwﬂﬂk. oper at es directly on forn1 page and
document i nst ancg llcatQa c§er Vg %uces a rmte% [+ O?Iaxe COITESPO 9 fé){ns gommand
908, a duplicate fo? na o6, reset rorm nnapalﬁﬁ s ge? form

st at us convithrtbe G¢keronnd ﬂh!sbvaiue ate@ﬂﬁégéthtmam%@m ar is pubelta fg}&gﬂ}ﬁ@bmmnd

913, a getyprRar pigeaamaﬁp magre%aﬂas aadlgudq{el fordt SonthRad B MsetCRAMTBAGLALS, a

reset docunment comrand or a get_docunent status comm 917,. as shown
in Fi gure P3Rfuce &, Biinds ﬁP%“EMH‘EFPW%@’a%"h‘éS‘%‘% f"é%;slzfn‘wr%gﬂ“?@gf it i H8¢ ance. A
duplicate &mmﬂm&ﬁﬂn@nﬁcmmmmdﬁxmhempnnﬁeﬁmmnﬁmMgr&ammmmmﬁmaﬁﬁﬂmaﬂﬁwdhen
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applicatiqﬁmw&aﬁﬁg@kmggfg&ggmm@@gmMQ&Qangﬁe corresponding forminstance
and t hen produce% an actlve printed cop of the forminstance with field

val ues di scar ded InAF<Hase 1p8TH taEm‘FHém&S 855 oA AP 8 dUEROr t on

t he st at uspagdeldnizgat. correspondi ng forminstance, including who published it,
when it was pringgd , Ea@% mmgﬂfs'dﬁph?%?eﬁ with GoB s pBfafed, ﬁad@a%mr@&%&édﬁn of the
forminstance. Since a form hyper instance contalns a transaction ID,
the appl i cthtii BHfvhizan.tig pehee Red 2 A sErdetdubsokgark sieR: F”?ﬁr WtispcEERte. A

butt on r eqimsdt teRiQORy MeWindsQhdBidnBekSPEAr i ek BiRAT 0Me wittNPRA®6re Reodfnity pi cal |y

i npl enrented a A dupli.cate e. command produces a printed
copy of tﬁ?agg%ggg%ggﬁ”mmgm%“mmﬁgh?%ﬁ%@vI%g?ﬁmthe background field val ue

preserved. |f thé duelgete donpent remmand prdws e pristedy@py ofghe @rréspmiing idvement he

duplicate page GRAITRRGoS Rl QLA ErEs‘é‘Qecﬁﬁf e GRS AbRaif Ol fGAET RN e A T €SEL
page conmmand roduces a printed ¢ t he correspondi hg page | nstance

with the b‘%‘&é‘?&@‘g&ﬁﬁ’fﬂeﬂt Foaprgsnd, dypljeates &F?ea%la@a sampepway g duglicgteformpgopmanddogs. £ o1 m or
is part of A @esétGibdimeitefmild @rdigses plAgeoSosMdréspontding @dcpneit ﬁﬁtancasuﬂa reset

form Cognaliaﬁxgmuncgﬁeld 931%? &13%8&6%%“ %1%%? gnt%%lgalﬁlscegns %mp rtflegttﬁe rese ﬁocunenpn the

status correspon ance, ned it,
when it wesompmeidntesst, thef rmspih drp jame wa;g a teset form command does A get document status

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

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

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

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

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

page server command has its “on selected” attribute set.
NPS036-3G



printed, and the status of any fornms it contains or is part of. The netpage
| ogo whi ch appears on every netpage is usually associated with a duplicate
page el enment. \Wen a page instance is duplicated with field val ues
preserved, field values are printed in their native form i.e. a checkmark
appears as a standard checkmark graphic, and text appears as typeset text.
Only drawi ngs and signatures appear in their original form with a
signature acconpanied by a standard ggaphic indicating successful
signature verification. A duplicate docunment conmand produces a printed
copy of the correspondi ng docunent instance with background field val ues
preserved. |f the docunent contains any forns, then the duplicate docunent
command dup8i cat emhm#smumsbnmﬂme&sane way a duplicate form comand does.
A reset docunent  conma rint he cqr ndi ng
docunent instance f\%ﬂ)ﬁg"% re(az)cun(ﬁ%?ﬁp ?%I“Gglgé{edleépc% %%Odﬁa t%efego%ﬁeq%locum&*nt
cont ai ns aingicategthayst, is @ netpage h@ thesefere hafoiotgraetive propasitesraind lqze glse gots #3er fopY M5 i N

the same V@MoR I wiBasek %ﬂbgmm%@ﬁomg%. cof} SHBE pAOINIE Bise stla@kSthe GABATEN
produces a printed rg‘%grt on e status of the corres"Rlondl ng docunent

i nstance, FPEPHALMY© Bﬂhﬁéméwelaﬂwmv&?éff“fe OREE P TE BUHBFOHHom it was
printed, atndbdttb}ﬁehsftsahu@la@a&ormvyeofr@crvatﬁsmgtpagaont ains. |If the page server

command’ s *on Segﬁecéeﬁaqlt s@%é é&ggg%p? FheRticS haﬁl@@ﬁh&% ga%t gaﬁagé on the

page identified ent se ectron r He page
cont ai ni ngSetVPFeSR?@?hm@mctlwghﬂammﬂlaﬂgﬁ@dﬁgoéﬁﬂoﬁ&g@ a@é‘?&?@‘l‘f corrmands to be
printed. 1{gthe g pRaGemdoesn't contain a page server conmand el enent
for the designat nmand, then the conmg ed. An

appl i cation can g‘(rj”d@?af edg‘fe}%q\éi%{%tt ﬁg‘i)?f@%eé’é‘i“ﬁ fas SRR SRy El?neélﬁglﬁlg' t he

rel evant paegeed itstidiy e singloppaiithiebeir idciuding:a hyper| i nked group. The page

server actjvatesgfhe: E}pgogﬁeg&nassom ated wth the hyperlinked group
rather than executin e page server conmand. A page server comrmand

el enent is* hi ddefaysf E@?fwm“@d%?ﬁ" attribute is set. A hidden command
el ement does nottop@vﬁhainménaput zone on a page and so cannot be activated

directly % o‘f 11{wcan however, be activated via a page server
command enbedded™ W8 HiFHBht page, if that page server command has its

"on sel ected" attp-lebiitapagetetwolMRBE36y SG 31 1. 8 STANDARD FEATURES OF NETPAGES
[ the prefer  edi{ Ol RAGNRE! RAUSaFALL B A% WL o hiRenstipgoe | ogo at the

bottomto indicate fhat I's a netpage and therefore as I nteractive
properties. The IT%fg’BC%@@%‘&Péﬂe%ism%“déﬁgi@“%tgtﬁ@ﬁm%n nost cases pressing

t he | ogo p-roduce@naa@@,p‘gfaa&uﬁm page. In the case of a form the button
produces a copy of the enti ire form And in the case of a secure docunent,
such as a ticket®™BH LBUFEL e button elicits an expl anatory note or
adverti si ng pageprint the status of a document

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

The netpage network directory allows the user to navigate the hierarchy of publications
and services on the network. As an alternative, the user can call the netpage network “900” number
“yellow pages” and speak {0 a human operator. The operator can locate the desired document and
route it to the user’s printer. Depending on the document type, the publisher or the user pays the smali
“yellow pages” service fee.

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

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

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

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

enbodi ment, the netpage printer has a single button | abelled "Hel p*. Wen
pressed it elicits a single page of information, including: status of
printer connection status of printer consunables top-Ilevel help nenu
docunent function nmenu top-|evel netpage network directory The hel p nmenu
provi des a hi erarchical manual on howto use the netpage system The
docunent function nenu includes the follow ng functions: print a copy of a
docunent print a clean copy of a form print the status of a docunent A
docunent ﬂHRQM$@ﬂnh$mhﬂh&&&k@dmb&eﬁkﬁﬁhMq@meﬁsﬁﬂﬁm&hﬁmbHWﬁaﬂ and t hen
touching any pag The statu f ndi cat es who
publ i shed it Bnd Tl ‘“’}p'i‘g" S\Xz?‘* "ted“"“al oyl ol & ad“"“cimF °°Wntt o+l and when it
was subsecoprbligatiop aye pprsplized asngadlff@rrmmeﬁmlsmt%agéﬁqmelt woteit 1@1@!@@5@@6@ al | ows

the user tQch@y) Gaberelddls Q@ﬁ&t@r&w 284 inlubhy Qa? ¢@ MieresA OIS OF Y la6RAisiP t he
network. As an alterpative, the us%r can call the npetpage network ™900"

nunber " yERFY Pragalized acrpdinsda e radr s lopalitnend $FEFEMSr . The operator can

| ocat e t he2.tlesi r EbiToloaLRERsdNABRGNON Out e it to the user's printer. Depending
on the docunent t el | ow
pages" service fééQ%?ﬁénﬁn@QQLdéh |§”g ?&gﬂg%ghﬁ%§%§?+ﬁ%F§ﬂ%+&m eM%r nt er
i's unabl e #d thes¢ fhpt defiypr tnﬁifsss“e%@e“ﬂlﬂﬁenew‘se’lu?lmﬂbﬂﬂ frg lagerdeated pad ofied Wyhide user can

request refBfigerdbS@N@eins Qé/%ggrégbled elﬁlTelww . neas BERSHNGL by ELRp iRk G ON - MODEL
In the foll own escrlgtjon %%s a canoni cal, publication
c

exanpl e t o"SEFEHPELE &P ‘E’r"‘éso‘ﬁ%l? %é?‘Tem‘iH PRhEFRIPTH I TEF LR EY st em
Al t hough mehls néves sedatne tun bs@ahyiam! tatial: 4 frav tneds Balfoe a tNRSG36e, 8GrBah wip, newspaper

and ”em”aﬁe%ﬁhc@%%?%mxﬁﬂeﬁq&ﬂ%%&%ﬁg oiﬁo&‘ﬁ]e'réacletr@@mp _fEENt context is wder.

In the netpage system he editori content and the advertising content of
a news publ i cat i'bhretres pyblicabmarivy suppgay hey Peifatien efpditedeeriapibisEons The
edi torial wanisems atg&g&ﬁ;ﬁﬁiﬁﬂlﬂallﬂp%eﬂws FCHM/E, ohyn@mmag ttﬂﬂﬁag@@@fﬂ&i’ aftl Bxg! hei tly

stat ed and I rrlentlg 8} new¥ streaxgst selec t% Qgtl?f ﬁf% rep de?ftfle SErver 18 a%leafg glg(lz’etald\%mggg on

pages over which it otherwise has no editorial control.

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

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

The reader can extend the daily newspaper by creating custom sections, each one drawing
on any number of news streams. Custom sections might be created for e-mail and friends’
announcements (“Personal™), or for monitoring news feeds for specific topics (“Alerts” or
“Clippings™).

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

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

a small mymber of longer articles. Each article is ideally written (or edited) in both short and long
NP3036-5G



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

publ i sher, news streans are aggregated either by a news publisher or by a
speci ali zed news aggregator. News publications typically correspond to
traditional newspapers and newsmagazings, Wwhile news streams can be nany
and varied: a "raw'news feed froma néws service, a cartoon strip, a
freelance witer's colum, a friend's bulletin board, or the reader's own
e-mail. The netpage publication server supports the publication of edited
news publ i feadsitOppoatshis pidiiréncaS t he aggregation of multiple news streans. By
handling the aggregation and hence the 19,91 ney tream sel ected
directly by the reg%efr maf'h{eg SerVEP ¢ ed’t%({) ?ﬁlerftacemés ver c}lgienex onf pages
over whi chsopltistiotibeefthesreadbra r pramplditt mm@lchld;hmtsram adulfh gersienpslde pipearridieli | ds a

dai I'y newspaRahs oG fdidgRIhOREIPE aplDIE ra@Pbdnishidlty) NGealB¥e” MBI dug@t | ons,
and creating a personaljzed version of each, The resulting daily editions
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news streams.  CUStONTsecti ons m ght be created for e-nmail and friends'
announcemneditide (' Tersonal "), or for nonitoring news feeds for specific

topics ("Alerts" Aarczes “Whth 1A ;ﬂﬂﬁile)s anfalﬁonemethnese@et ineBforet dMRctivaI dedsidapd | onal |y
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proportion of adfheenetdelsrrpngnallsespbdnm aqualldlpttjafaptvreblsher(caelaigativm Gie, dnordewk , | ow,

none) , Of QRS hiclibuf A A @reRBAG SHABEYs w m@sﬂoﬁmrfor%amngmwal ly

expresses a preférence f a large nunb shorter articles_ or smal |
number of ?08??@@?%&‘11%@@1%2@11 fesferyn t“i”i‘f’r“‘em‘ie}g thﬂb‘éfaﬁovﬁspwdlﬂg pestipn gl beefalieﬂé ed) in
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The reader also optionally specifies topics of particular interest within a section, and this

modifies the priorities assigned by the editors.

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

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

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

The language in which a news publication is published, and its comresponding text
NPS036-3G



sophi stication of the reader, for exanple to provide children's and adults’
versions. The appropriate version is selected according to the reader's
age. The reader can specify a "reading age" which takes precedence over
their biological age. The articles which nake up each section are selected
and prioritized by the editors, and each is assigned a useful lifetine. By
default they are delivered to all relevant subscribers, in priority order,
subject to space constraints in the supscribers' editions. In sections
where it is appropriate, the reader may optionally enable coll aborative
filtering. This is then applied to articles which have a sufficiently |ong
lifetime. Each article which qualifies for collaborative filtering is
printed w etnbod&@,tiis B gropdity toOthe p-&ihca&lhearﬂmﬁlt aqfreférbiee adpicksed B thellzer. Hodvanse can
provi de h é'ﬁ g " making it nore
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subscri bers. The reader Oahl onal ly specifies a serendipi té/ﬁff actor, either
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preferenceprgoggup;tgmgwglpﬁ Sggndﬁgmﬂgﬁg i mages or both. If the nunber or
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nonet ary V‘?Lllr::%? Lar %ndtlnelop%.g' alreawmlab‘[htjmadV \é%ltgves speci fyi ng whether units are
i nperial or I'c, a I'mezone ah ime format, and a | ocal

currency, and whét thenctidpesystonath zatagombi@ng: sstverobmpytes dict appriximets bk on or

annot at i 0NgimenliBeP Sizdbef GIBRESSs BletuidKviUEEE fph@BnlaNRr L@l OhsisS tJJcBE aldty by
default. To reduce reading difficulties caused by poor eyeg@%{ E‘E“P‘fet he reader

opt i onal | y2o&JyRclhs pblicaton’ Sg$"*6ﬁ%ﬁh1°;ﬁ°é‘1%? dhc ¥ r?dfff%’fpgé’re By & bh. Both
text and iwBResdidhsaccaddad a&eﬂ@hgprqg,hgon, add\elcH reglsr's demdgaaphitait i on i s

acconmodat ed on each page .. 3@ _g n which % s BEVS. Rl Lcation is

. . t t

publ i shed, and its “CorT espon rme Bgﬁf%segba@ VErIEIE Speee 10
defined in greater detail, and allows smaller pleces of it to be sold separately. It therefore allows it to

be sold at closer to its true value.

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

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

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

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

LOCALI ZATI ON AND TARCETI NG The personalization of the editorial content
directly affects the advertising content, because advertising is typically
pl aced to exploit the editorial context. Travel ads, for exanple, are nore
likely to appear in a travel section than el sewhere. The val ue of the
editorial content to an advertiser (and therefore to the publisher) lies
inits ability to attract |arge nunbers of readers with the right
denographi cs. Effective advertising is placed on the basis of locality and
denogr aphi @isertise@edinintuitiple gatiliedtinasne s proxinity to particul ar services,
retalers ete., MBALMLE AL LILERSS! 2eB0 ARICE LS AR SAGIANRT 4 L N 11
| ocal connunrty and environnent %3% eterm ne gen raI I nterests
and preoc@ﬂp@%¢6ﬂ§3mﬁmmﬁmﬁt@@ﬂ¢$M@WVM@péWﬁWﬁghpmﬁhEWW§ﬂ¢ﬁﬂﬁ@&&mpubl|sher

nmost prof i habkén orfrm‘etlgﬂoﬁngaﬂmﬂ bbogldAties FRGLBationseflddnl ddveitis R AGIARAL  enti ty

determ ned by the tron S [ C covera the size of

reader shi pieef® F@”?@ﬁd@*%ﬁ? ﬂﬁgﬁdﬁﬂ%@g eaﬁﬁ@?ﬁﬁgﬁaﬁﬁmﬁregwaWEF?ﬁ le for
adverti si ngppoktnfot ltlesenmgptag[ms Sigdiiding subgve faehlpa@mdpubtimaf hdartigey wese. conput es
the appr oxj Bt ﬁa&ucuﬂhﬁﬁéaﬂbi%”f’al 'ﬁa%eﬁefm 9&9&&%&%&& Mt &%@%E.Lﬁ

advertising space oh a per-sect |on asl s, i'nto acco
publrcatroﬁm§m§@@ﬁﬁapﬁw “@@@éﬁé@@ykﬁﬁ@“§ﬁﬁﬁﬁﬁﬁm§ readership, the size of
eaCE reager sea&el ;ﬂuaﬁedr Ha!l: Ban nRakd MiRAGREator ae%&& EﬁdsddﬁbghdJ{d%ﬁlsEh héon, and
each reader r aphi c n c ar i er en age
Syot om al | BYERET e Peseat igvet b ARarepdogs e bbb B L sy BT | 2 ano
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tO be sol &rs@ﬁah&'d‘a&%an&? ithpfcfs thd tHaMi@liM BisenfcRE ﬁ&%%@l?éq%ge dahg.same advertising
"slot" can be sold In vargrng proportions to several = advertisers, wth
i ndi vi dual 2PeadeMSER RRQFRES r andonl y receiving the advertisenent of one
advertiser2.en andbémfkion BHefiRg | preserving t he proportion of space sold to
each advertiser. _The ne system.al |l ows . advertising.to b
directly to det aitf cepﬁm‘prra}épgg'tc’fn% SRSt TSI R AR O fF'rnef"s’pﬁ?‘rn?: afguf’eﬁ's cmﬁ‘f
t her ef or e prefilsmdrmpdtien, iludikgasi ¢ val ue of the advertising space. Because
personal i zati on ARh.lQGAkd4ALdQN are handl ed automatically by netpage
publication servers, an advertising aggregator can provide arbitrarily
broad covetage ofIHEPAJUFHEAFIN and denogr aphi cs. The subsequent
di saggregati on i sn@fifiéigisent because it is automatic. This nmakes it nore
cost-effective for blrseg&gsto deal wth advertising aggregators than to
directly capture R-( srn Even though the advertising aggregator is
taking a proportﬂbhcmﬁmaGWErpfein@ﬁwéweMUemmpbbbﬂ§MQNBWﬁﬁy afd nd thhe change
pr of i t - neut kghi.Rek AtbSRue] is AR HERR UR ko1& id: | héé;! Eﬂ%)!hcgtﬁon@g&? egation. The

adverti sing aggr.egat or acts as an |nte% bet ween adverti sers and
publ i shers, and M i ?rété’é ﬁ][tcﬁlég wegiopconsists o the user’ s ratmgs of a number of news items. It

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

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

Presentation preferences, including those for quantities, dates and times, are likewise
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NPS036- SG 35 advertisenent in nmultiple publications. It is worth noting
that ad placenent in a netpage publication can be nore conplex than ad

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

t he placement of advertisenents which generate small anounts of incone,
such as small or highly localized advertisenents. Once pl acenent has been
negotiated@dﬁhﬂdmggmﬁgmﬁmémmaﬁhures and edits the advertisement and
records it on a rllﬁe IQc zauc% of ?&/@Xlgmg reh%? r{ tgg Bgalﬂgrl r3:190'511)4‘:1 mtthr%%seli‘)’lél ponb% ta1lsr ecords
the ad pl acenent on 't pagc pu II'Cat! on server t he
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PROFILES 2.3.1 Infornmation Fllterlnge rsonal i atlon of news and ot her

publ i cations rel f &<6hEH “4e shpetete %Per?ﬁ’g‘gtmf%’ﬁ%tt?f‘ r @dverlising PYROSSS{iSy rat i on,
i ncl udi ng: infopuabdr Gsam:mmnaduls/t henrdatnt ORPageCegistiati@r @tview @n filiel dbesheenegf welct or s
contact dej ] j

ubl | cat | option, BRESARL Ak LD el £LERERREY: FR B RUBHATLE SRR ikl hery

i nf or mat i off? PsZIRf $dai ned by the rel evant net page publication server. A
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nore overl ap bet\%éﬁsefﬁf@%éw@@ﬂ@#t%ﬁ%@mﬂe}@f%fmﬁerﬁ% ad sh PSP at | on
t han bet meﬂmwtaﬁgaﬁﬁb@ﬁ)f St &6kd D EhE ubed mdlafsihgé dkdult pﬂbér i ad)] 1o RGich pricdicl
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filtering Q/bf ctattl)orn 3 argsdghvere% b%\?r}?“#ewmp | RjE=SF e rand,

el sewhere. IVéziwbﬂJavseven#qrdc@rmThqgeerelsftepﬁrt@clmf@hmmlb@hmaemaflhwuﬂmizm ai ned by
the rel evatetpna% RAGErs RERL hréd | OPib BGENISLs noRR A IDUR bR phrdieutdr PRt diupy  Narme,

street address, ZIP Code, state, country, telephone
instead resolves the ID when it is required.

When a user subscribes 808 fo a publication 807, the publisher 806 (i.e. application |
provider 803) is authorized to print to a specified printer or the user’s default printer. This
authorization can be revoked at any time by the user. Each user may have several pens 801, but a pen
is specific to a single user. If a user is authorized to use a particular printer, then that printer
recognizes any of the user’s pens.

The pen ID is vsed to locate the corresponding user profile maintained by a particular
netpage registration server, via the DNS in the usuai 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 sysiem can collect, on behalf of a printer provider, fees and commissions on
income eamed through‘ publications printed on the provider’s printers. Such income can include
advertising fees, click-through fees, e-commerce commissions, and transaction fees. If the printer is
owned by the user, then the user is the printer provider. _

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

credits (such as those described in the preceding paragraph); contact details 815, including name,
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nunbers, are global by nature, and are mai ntai ned by a netpage registration
server. Presentation preferences, including those for quantities, dates and
times, are |ikew se NPS036-SG 36 gl obal and maintained in the same way. The
| ocal i zation of advertising relies on the locality indicated in the user's
contact details, while the targeting of advertising relies on personal
informati on such as date of birth, gender, marital status, incone,
profession, education, or qualitative.derivatives such as age range and

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

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

agvert i Si n@dlgslagnd)empzhlageg@hﬁds ; @Ivbdl brichash 8$160hcidig PRiPIERRRI aa<|1 &Sasm]bxat ed with
the user's or r rinter, .applic n
provi der afd appli &8 bf’rof"lf %m%scsrec?lresdyﬁtesb%ﬁn gijthg jie’ en%f’de(f% aer bl(a%hd t he

net page r eiggrrmtibricse hméwnmﬂalmvﬂ%h 8% antpreatipadly azltam@mﬁ by the et end SER m as
shown in f?’,qéﬁfem%é'm@@a with whRFk-RthmecOfayh &8 8 HedlabOn pur poses, a publ i sher
is a special kind of | ication provider, and a publication is a special
ki nd of aphPRcat Faprit ‘Ealdﬁ user 800 may be authorized to use any number of
printers 802, and mepfds upi kdaatmeiintainy list 832 d@VitadiigesNUIMREH ugdful dS@mentd o, tise 1t .
Each user ha e rinte 66 t 0. \Whi periodical

publ i cati otﬁsneépraée I%?p’%lkve[ge B"maﬂl%fnegl% te éﬁaﬁe?o )(He Ages ra]?ﬁ SIS a&hand are
del i ver ed higarthyerf friderstod4. aptdh’imdgmbmeemft“rhehwemlsthenlaerdaleltamnfgl?lgﬂrhe server
keeps traclq of which publishers a user has authorized to print to the
user's def ault printer. A publisher does not record the ID of any

parti cul ar2pPi nt Bist orglist i nstead resolves the ID when it is required. When
a user subscri beSh888tedhanantyinsbd hisiatyl 0 9X0én ebdneus@tibbehsh eontBiliy ks @o

appl i catl o) i inter or
the user’ cbguaR b UElsBloc G ibabhl £5Hed Sl o B R e
by the use#prefeafémb@eﬁn%ymﬁeveoméealmﬁeﬁsmmW%t a pen is specific to

a single usgr. |fN-;a_|_l¢‘§ﬁprgiLa%d‘-}0rl zed to use a part| cular print er t hen
that printer recognizes

Eé t he user’ pens pen IO? used to

| ocate the corresPoRtPIy RIREPUR, BFFY é“t?fﬁﬁt‘f‘ﬁl lﬁ@d‘"ﬁﬁ% PP tF CTf Psm ﬁet page
regi str at i gmomézed @rblicativ@ o M@ctiohliBy-baatidntbesiv Sinal mossadvertikenfdly atean i iain 0809 can
be aut hor b&sgﬁeec%&tmgh@ae@arpﬁ&u Sifhe g%em@fog%%dml%&ém allowing Veb pages

and net page documents encount er ed br owsi ng t be conveni entl Yy
printed on the headustisingartigdye SWP’h?aélbe ackifeed e (g vEYise WHTEHE €6t | ect, on
behal f of & lﬂdlhﬂlfaﬁﬁag&r\ﬁﬂﬂndﬂer sectfof E:d @R Ad CPINTaBEHER Sxplits :msnmrwgoeaﬁaned
It 22?332 pLIbl gure IOOA’I“%m trtcl) Qot—lgcate c?osély tledgal%n deg agferesmgnctol?ttl;n suc]sl acmg a Q’E can
for roofing material specifically within the publication because of a special feature on do-it-yourself
roofing repairs.
The editorial content sclected for the user, including text and associated images and
graphics, is then laid out according to various aesthetic rules.
The entire process, including the selection of ads and the selection of editorial content,
must be iterated once the layout has converged, to attempt to more closely achieve the user’s stated
section size preference. The section size preference can, however, be matched on average over time,
allowing significant day-to-day variations.
2.5 DOCUMENT FORMAT
Once the document is laid out, it is encoded for efficient distribufion and persistent storage
on the netpage network.
The primary efficiency mechanism is the separation of information specific to a single

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

consists of the page layout. The shared information consists of the objects to which the page layout
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advertising fees, click-through fees, e-comerce conm ssions, and
transaction fees. If the printer is owned by the user, then the user is
the printer provider. Each user also has a netpage account 820 which is
used to accunul ate mcro-debits and credits (such as those described in

t he precedi ng paragraph); contact details 815, including name, NPS036-SG
37 address and tel ephone nunbers; gl obal preferences 816, i ncluding
privacy, delivery and Iocalization S Etlngs any nunber of bionetric
records 817, containing the user's encoded signature 818, fingerprint 819
etc; a handwiting nodel 819 automatically maintained by the system and
SET paynent card accounts 821 with which e-conmerce paynents can be made.
2.3.2 Favo&ﬁkaﬁmwhghm@%nﬁhmagamm&&ﬁom&n maintain a list 922 of "favorites"”
- links to useful nts e net page ne The list is

i 1t e ned byt hé ) SRR B Sl MR RAAF pREUBPEn R B,

hi er ar chy @MLj @Bt@rhs EgakiblegStylesbfeb Eamgende SFH30 d¥Herrvvidsh PwmechM osemwm in the

class di a%mg mEepgﬁHéﬁlyﬂolz the rzgwﬁ ido fhish A6 Yexdik BlingTRE whMS ERL BRE RbEhHs a
history list 929 on each user's behalf, containing links to docunents etc.

accessed bRFoided by dher layont Jhg k=t ‘H’ée"'nfé’flﬁﬁ’g ém'%ffli%"fié?ﬁg“aﬁf ogdes oy AT PUIPAHS g
dat e- orderﬁﬂdhbﬁhmhmaaﬁmeﬁ@mmaﬂnﬁﬂbﬁdﬁﬁﬂﬁbmgﬁmmhmﬁhmgs shown in the cl ass

di agramin Figur 42 Ag ob ect enc NIk b %wmp E&é&%‘&;veia%asggggnagegseg) agé cation
server automatica Iy Fays” ou fﬁ% ges eac sonal1Zed

publ i cat i ofnrn@hAesr@bet’hmhenWﬂssae?&ar@hw bla%fiﬂ@le ‘Slcﬁt@fﬁ‘M£SV§dﬁ@mtl senents are in
the formof pr eﬁ&ﬁmlkﬁﬂcoﬁ%ttﬁﬁgérﬁ§@fpia%)&m@gre%n@érﬁﬁﬁ@bj% Lﬁk@d@ﬂﬁ&v before
the editorial cont The advertis rati o for sectio chleved
TP S A I o A R TR A st R At el
section, awderhiile raythnd dUeGH tayalt gojedts hrensenpiigddtis Telle 3. ThEHeyodt| w@dra dompct S
configureqh&ﬁuﬁk%ﬁqggﬁkgm u;ﬂ%ﬂ&%sﬁkgéely tied editorial and advertising
content, such as placing a roofing material specifically within the
publ i cation because of a special feature on do-it-yourself roofing
repairs. The editorial content selected for the user, including text and
associ ated i mages and graphics, is then laid out according to various
aesthetic rules. The entire process, including the selection of ads and the
selection of editorial content, nmnust be iterated once the |ayout has
converged, to attenpt to nore closely achieve the user's stated section
size preference. The section size preference can, however, be matched on
average over tinme, allow ng significant day-to-day variations.
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2.6 DOCUMENT DISTRIBUTION

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

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

When a subscribed publication is ready to be distributed, the netpage publication server
allocates, with the help of the netpage ID server 12, a unique ID for each page, page instance,
document, and document instance.

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

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

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

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

by its page layouts. The page servers persistently archive the received page layouts and shared
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Zone Application ID, etc. Fieldype Meaning one \Water markone 2.6 DOCUMENT
DI STRI BUTI ON As descri bed above, for purposes of efficient distribution and
persi stent storage on the netpage network, a user-specific page |ayout is
separated fromthe shared objects to which it refers. Wen a subscribed
publication is ready to be distributed, the netpage publication server
allocates, with the help of the netpage ID server 12, a unique |ID for each
page, page instance, document, and dggunent instance. The server conputes
a set of optimzed subsets of the shared content and creates a multicast
channel for each subset, and then tags each user-specific layout with the
names of the nmulticast channels which will carry the shared content used
by that | ayauiit. The server then pointcasts each user's layouts to that
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¥a of

The printer can PR RS B SR PR RS SR PE PP P, 1t er nal
64NMB menor gt theabdr @ill lrgbit ar reflenish G @uper sopdlf bafge he printéFl @00grpninemalpojapd s at  a
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oceurs, the server re~multicasts the correspondmg shared objects.

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

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

When a non-netpage document is requested on demand, it is not personalized, and it is
delivered via a designated netpage formatting server which reformats it as a netpage document, A
netpage formatting server is a special instance of a netpage publication server. The netpage formatting
server has knowledge of various Internet document formats, including Adobe’s Portable Document
Format (PDF), and Hypertext Markup Language (HHTML). In the case of HTML, it can make use of
the higher resolution of the printed page to present Web pages in a multi-column format, with a table
of contents. It can antomatically include all Web pages directly linked to the requested page. The user
can tune this behavior via a preference.

The netpage formatting server makes standard netpage behavior, including interactivity
and persistence, available on any Internet document, no matter what its origin and format. It hides

knowledge of different document formats from both the netpage printer and the netpage page server,

and hides knowledge of the netpage system from Web servers.
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capacity is exhausted. However, if the printer's internal nenory does fil
up, then the printer will be unable to nake use of a nmulticast when it
first occurs. The netpage publication server therefore allows printers to
submt requests for re-nulticasts. Wien a critical nunber of requests is
received or a tineout occurs, the server re-nmulticasts the corresponding
shared objects. Once a docunent is printed, a printer can produce an exact
duplicate at any tine by retrieving ijts page |ayouts and contents fromthe
rel evant page server. 2.7 ON DEMAND MVENTS When a net page docunent is
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a non- net page doggﬁggé |§Yrequested on demand, it is not personalized, and
it is delivered via a de5|gnated net page fornattlng server which reformats
it as a netpage Soewsrenhy is usd tougeteraeresitve infametiondod ér stagage gl intraspip aridad
i nstance Ofyu@ndf! RRAGERWRMLGBA. Thle &@M%rasseJJf%ryp@grﬂﬁ% WiREgiBk bieNGorerS €T VEr
has know edge of various |Internet docunment fornats, |nclud|n AdObEL

). In

Por t abl e D% FRBHE™PRO e PRORPISY) SRiRRPPRYy pHF  BRPEeNAFRATD F8n B GESSPHP
t he case odryphdEbhy. it can nake use of the higher resolution of the prlnted

page to present § I HH %
contents. It cang%f%tto Fﬁhﬁ*‘.{;ﬁ% ki 8 %J %E t(égéa%dl} ir}sg%th% {i erd to the
request ed reg. aﬂ¢ﬁ@nméemesseganTWqJWétwﬁ m%mb@h%whaeae wﬁg@a npasfeﬁretraermge to The

net page f ofiRd dxBEng @lc\@Fct kkes standard net page behavior, including
|nteract|V|ty agﬁﬁg§r3|stenc vallab%e on an é | nt ernet docunent, no

matter what its A ST BRhatse 1R dos® Tie GRPBERGYf BT &R
docunent facmpios kéys. 0w boetkaystarkenatetpigly rplatedin euch andy thivennetspagecpage server,

and hi des Lﬁﬁ%%ﬁ%%@ﬂ&l%%l&tbp gec%?lte@ Q&% tlﬁ-yo%}elelg&fdng Tk Mg‘sp kéyg fs\ieh ?nbh&!P@%ﬁe SG 41 3

SECURI TY tography 15 used to protect sensitive
i nf or mat i o O%tsrkentnﬂ@teo?h&@@ha ?}”T Heq tp SF5Pt any alﬁsaagﬁ alten%?éffqﬁéﬁthvléfatoéthi)artu es

to a transgirhtt &3, OnkbekcepRd GsidoWie ;ﬁtzascsﬁa n@ésagarcamin@gkaWteu Gsinpl tebgsipsiead use:
secret- key, Glyply g?nae%cxns%%?edf)m a£§ﬁ% K 57 ok 10 aiGa el Page. net work

uses both &1 assed® crypto ey cry ography,” “ars6™t ef erred
to as sym*r"ﬁtemme b yprotaphis seuseis lsmh@abfe\lrﬁée hobigr ¢fhe pairaty kepto mmdhtadiber ypt a
nessage. Tup,parties wi shing to exchange messages must first arrange to

securely excﬁange t he secret key.
Public-key cryptography can be used to create a digital signature. The holder of the private

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

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

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

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

purposes.
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Publ i c-key cryptography, also referred to as asymmetric cryptography, uses
two encryption keys. The two keys are mathematically related in such a way
that any nessage encrypted using one key can only be decrypted using the
ot her key. One of these keys is then published, while the other is kept
private. The public key is used to encrypt any nessage intended for the

hol der of the private key. Once encrypted using the public key, a nessage
can only be decrypted using the privatg key. Thus two parties can securely
exchange nmessages without first having to exchange a secret key. To ensure
that the private key is secure, it is normal for the holder of the private
key to generate the key pair. Public-key cryptography can be used to
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di scussi ony.inhes dagfs ence is made to the secure transm ssion of

i nformati on between a netpage printer and a server, what actually happens
is that the print'8F BBEePEibation frEves A As o certifiqae pthordolopnePagRPRBHE St s i t
W t h ref er egaegest ® sécheintafidiibd dllo@ingit eUkdp piidter identByes t he public key- exchange
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sessi on kesrvedptatiest prhoriipm the peisisnirerriahthe piblication fo| e usefsolefault printer o, 3. 2
NETPAGE PQPM@R pweﬂ;%ocument sent to a printer via a page server is addressed to a particular user
and is signed by the publisher using the publisher’s private signature key. The page server verifies, via
the registration database, that the publisher is authorized to deliver the publication to the specified
user. The page server verifies the signature using the publisher’s public key, obtained from the
publisher’s certificate stored in the registration database.
The netpage registration server accepts requests to add printing authorizations to the
database, so long as those requests are initiated via a pen registered to the printer.
33 NETPAGE PEN SECURITY
Each netpage pen is assigned a unique identifier at time of manufacture which is stored in
read-only memory in the pen and in the netpage registration server database. The pen ID 61 uniquely
identifies the pen on the netpage network.
A netpage pen can “know” a number of netpage printers, and a printer can “know” a

number of pens. A pen communicates with a printer via a radio frequency signal whenever it is within
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Each netpage printer is assigned a pair of unique identifiers at tinme of
manuf acture which are stored in read-only nenory in the printer and in the
net page regi stration server database. The first |ID 62 is public and
uniquely identifies the printer on the netpage network. The second IDis
secret and is used when the printer is first registered on the network.
When the printer connects to the netpage network for the first tine after
installation, it creates a signature gublic/private key pair. It transmts
the secret ID and the public key securéely to the netpage registration
server. The server conpares the secret |ID against the printer's secret ID
recorded in its database, and accepts the registration if the IDs match.
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regi stered, they regularly exchange session VWenever the pen
transmits Yi‘itbd}‘?l%ﬁl s keYiexqhaner k- BtlelpFﬂi‘t%ert°ref‘ Fi‘ésedt’l“ﬁ‘ll?%ﬂ“e’inﬁﬁ indexed iy the oot ¢ ypt ed
using the andppisa thadnery@eisisomkdyaythe PingTHeaén stands tHeSessi@viey intetals Mdixked in the
clear. A pb%qh C%Ig 65 a session key for every printer it knows, indexed by
printer a printer stores a session key for every pen it knows,

i ndexed by pen | BithoBeht dfalispoecap ingragsepete b gen if thppaacestrgioppretocol, only a real pen

can decrypt the session key transmitted by the printer.

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

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

34 SECURE DOCUMENTS

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

The “watermark” printing process uses an alternative dither matrix in specified
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capacity for session keys, and will forget a session key on a

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

regi stration procedure. If the printer isn't neant to know the pen, then it
agrees with the pen to ignore it until the pen is placed in a charging
cup, at which tinme it initiates the registration procedure. In addition to
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In the netpage system, forms submitted by users are delivered reliably to forms handlers

and are persistently archived on netpage page servers, It is therefore impossible for recipients to
repudiate delivery.

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

4 ELECTRONIC COMMERCE MODEL
4.1 SECURE ELECTRONIC TRANSACTION (SET)

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

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

certificates containing their public signature keys. The certificate authority verifies a cardhoider’s
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t hrough the printed sheet. The effect is simlar to a watermark in that it
is not visible when | ooking at only one side of the page, and is | ost when
the page is copied by normal means. Pages of secure docunents cannot be
copied using the built-in netpage copy nechani sm described in Section 1.9
above. This extends to copying netpages on netpage-aware photocopiers.
Secure docunents are typically generated as part of e-comerce
transactions. They can therefore include the user's photograph which was
captured when the user registered bionmetric information with the netpage
regi stration server, as described in Section 2. \Wen presented with a
secure netpage docunent, the recipient can verify its authenticity by
request i ngregitt@tiait datailiswithrthd dael issserab appeopriate] Al werifie uenckdbnd$ regists@audearild oc unent
is only val| r . i GHAR t IDs
are alloc g\%'lclteh g'hJ é%ﬁu%g%ta %rﬁ%l% eg%hglfd%r% %\ﬁ/‘51 etﬁe? c%{%%?o&e thépgﬁl%&%j él%a%% 2

oppor t uni sleresequglsrtieir commisey W@@@Wﬁt PRSP fﬂie@,f'a{eliﬂéwtepérﬂ u%féﬁ) uaiev el oped

wi th bui | t auhkdiclieodbark aRitadBiidef, |a1§‘cﬁ& hfRndcatk thbvh Both ﬁ)%e%bbﬁﬂﬂtrgﬁte\eﬁs y
p0|nt-of-present§%t n doc nen% Vi (%icat n Q%,neuther Wgternark
nor the user's p §rdp ﬁt SR J‘? i 8‘?”%?3@? aé““%‘g?\%é‘eys'laﬂ y sinply
provi de a @itiftdsi E&ﬂﬂsx(blb@ thagbmorico Igtergu abluttons gdicly . maidtiin o@didier kaymtand
verificati g, R3k \Aﬁ%l A4 %&‘e tyédafbgcéger}{c% b ik CAR4RR hF\fé@net PiYhOgs..&n added

| evel of securlt ere 1T IS nee I's stil not entirely immne to
forgeries.48.5 REYMENISATI ON I n t he net page system forns submitted by
users are deliventsl fe@ageadiem &@nefqﬁgmgu&aﬁt;ﬁls&n@ act8d padx@ fdd AeSbipdge 0l ¥

archlved o] et servers. is therefore inpossible for recipients
repudlgfghetﬁgrglg’glgﬁ?%g W&“ﬁ%fyrrents made through the system as

descr i bed i n SectThontpdge sptce vads domeiripgro swhepiicate tho mset lrd apthgrige SEopaypurdi at e. 4
ELECTRONI G LAMMERG eV bath; Jthéﬁgéﬁﬁ ubeh BRI G- M@&g bt SErme The

net page system uses the Secure El ectronic Transaction (SET) system as one
of its pa‘jﬁﬁﬁgtpe@i?%‘f“é’rﬁé‘d pregemre. AfgerpIg B‘%‘Eﬁ““cfé%@fc’d’ﬁéﬁ%& R EFRI™MAnd Vi sa,
is organi Z@ﬁhoﬂhﬁlﬂlﬁd)etpawmghtat aE:@]iedqut amly}iehfsmmandzséd @Btagektd the dapk@re of

t er m nol ogy m is i ndependent of the type of

te
accounts be?%mm%% dﬂmfgﬁgﬁ?gm“hﬁﬁ% &é#? and nmerchants register with a
certificate authdhsfisstsamt bingahlesig ek SETtrymente fsttd fegigtert thesnsers iriometnis wih t hei r

public si Ofdbdage tgﬁéﬁ'ﬁtion-gg}%r CREstid ddn€ ﬁa%&:oﬁ\fbﬁl&%nbﬁo‘ﬁm&@ Iibfek Bileth tadd, dRQL der' s
NPS036- SG 45 regi stration details wth the car |ssuer(%s appropriate, and

verifies & ?TE]PIE a0 ef@)&}r%ita} &FISBZF.F ta:%e[?iltﬁle user’s identity is verified, The biometnc is

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

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

4.3 MICRO-PAYMENTS

The netpage system includes a mechanism for micro-payments, to allow the user to be
conveniently charged for printing low-cost documents on demand and for copying copyright
documents, and possibly also to allow the user to be reimbursed for expenses incurred in printing
advertising material. The latter depends on the level of subsidy already provided to the user.

When the user registers for e-commerce, a network account is established which
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with the acquirer as appropriate. Cardholders and nerchants store their
respective private signature Kkeys securely on their conputers. During the
paynent process, these certificates are used to nmutually authenticate a
mer chant and cardhol der, and to authenticate themboth to the paynent
gateway. SET has not yet been adopted wi dely, partly because cardhol der
mai nt enance of keys and certificates is considered burdensone. Interim
sol utions which maintain cardhol der kgys and certificates on a server and
gi ve the cardhol der access via a password have net with sone success. 4.2
SET PAYMENTS I n the netpage systemthe netpage registration server acts as
a proxy for the netpage user (i.e. the cardholder) in SET paynent
t ransact i ofggregaeh ridde@pHReE. IHShseMettSLs a hiaiiit bh @ Sedular Bddis,@a chCcatie abhe user
and aut hor(;u%s'eanénE-I;lelBﬁ)é{recgtussui mbecause the systemis pen-based, the bionetric
used is the user s on-1inesigna ur'e) cons sting of tinme- varying pen
position and preSkpeevorkacdoim grabp ptandediié apmsgatd subseréptionplees dor periodigaly) whigh
desi gni Ng Goufd 2RG SR sEie pre3GIRE Y thd 3 & thd PR hdiviildl BRkigddsat a hi gher cost.
The type of bionetric used only affects the capture of the bionetric, not
the aut hord%ati ofRASHRME of the system The first step to being able to
make SET paynent $hersa diser réqReptsSt ietpage hiea pis@lilauSaplicaive tontegt, Wk hplicatibreis aigd page
regi stratign rver. This is.d i. N i to r, exanpl e
Bank, - wh paSaElipelal Ful 005, WPl SRR fp SRR 5 1y BXOTR P
i dentity iwithvbetiahjaetign I ged thé emlidetidnds thereby@blp topstaldistaancpryprsiets doritet fortbe
regi stratig@gsdgt@base, linked to the user's record. The user's photograph
is also optionally captured and Iinked to the recgord. The SET cardhol der
registration prolg&sinpy oo P éd’f‘gea‘i"m“ht‘ﬁ8"%“&%‘51‘?%‘&?13‘0%7‘?‘?/?? &ALt ure key
and certi fingaise teruser’s hoineddentity tchatablah abasst. ATirbcal eseple Bivgey adiry ieas d
| nfor mati Oyl B8R hllof Haoe W L 0§ NEABEP STk hOBscP LAY, Snough

t i SET pay

information to act as ser’'s proxy In any _ ment transaction. Wen
the user eRpwpatendiepyiaeippD @duedo B prrset yEen § net diplewiearalitispid ks is t4 or
exanpl e bYprevehtQitieRE: agpliRQ1oR BRGARS BRK cabiBl Birel L inppbrabflly aG&RGUAIE] BehdvibANSM t S
the order [nformation, the pen ID and the bionetric data to the netpage
regi strati - server. The server verifies the bionetric with respect to the
user identified e telpagepegisthidn samet ifsteahmbifteins renaromgusgslatiohshipUisdyetnsa pr oxy i n
conpl eting,dng, a%l:a;[pucn@mmm#ue A0S A8 L9, Mnovh isriMrCROVRAYMENT ReTREva1E] Page

system i ncludes a nechanismfor mcro-paynents, to allow the user to be
conveni entPyertigdregeddritrdhe “pered i e BReeURIEUITRAT A8ks S5 nEBIE FRESUAYER f or
COpYi Ng COfREd t§ Brinslad 0 WisBdMLE], ap@iddiop TS 64, Blgythed bvaD the PendDl60Vintd BealidSEY 65t 0 be
rei mbur sed..f or nses incurred in.printin advertising material. The

| atter degléhﬁ&gasg'}rﬁgt e'ésuﬁ%n\%cftog?% ﬁ%lglfgﬁfplécflroélgdy provi ded '?o the user. Wen
t he user regi st eithe fpplicagongepintains slate informationgrdexed by @lipatDi and éssablelsp ireftiveel whi ch
NPS036- SG user-specific state information without knowledge of the global identity of the user.

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

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

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

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

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

user - speci4.6c, hResovece DideriPaps anbdddroragHTTUSt use the user's uni que
identity to estaRlish ontext. A typjcal.exanmple involves. i-ng itens
froma pre-print g‘&r%’g %‘T‘%ﬁggzﬁg%gfat%soﬁ%eﬁcg t?Op)g(las\r/SrPIra%r taf*® oévﬁgn;%%%obar t". To
protect the user Eshgedquipentgnd coiampebiast maytbp deseribicdjpyeong erarord iBo@0e depropiient o t he
net page SygbaBdute AQErphbi WLARID AN B0 hicGdid RitSnt sckWitchliSdelifhed BY BNIRAL
different application providers_fromeasily correlati ng | ndependent | y
accunul at eHBERat gpcpuic dﬁ?‘ﬁ?e&m@’hﬁ&%&ga‘%@gf?@% foofh® egflqenglflbad

mai nt ai NS @hascie WIO)MRBestutdedletcfifioh Fpmbed@®m).a user and an application via
a unique alias I1D.6 i | i vates a
nyper i nk t agged AP RRETNE Eaek Relb b piife A Kol B 8EmaBly (2 02,
asks the niepgeseopyrighifess from sty to tpbis helders whep psgi sy pepyighecopistoci at ed
applicatiof | D 64omhicNiEirioRs PRéToBotshe pen 1D 61, into an alias ID 65. The
alias IDis then submitted to the hyperlink's applicatiqn. The_application
mai ntai ns state ﬁﬁ%??%“?i‘%ﬁp’?ﬁ@égﬁiﬂ%@ odprp ?“’}i“"ﬁf?’ of rgFstees bapgees %‘wgiﬁ ri eve
user - specithé tetdpeadygern, Fhiiieaich enpens, phioes addnembre difise @bet bhéefigddababcolsdent i ty of
t he user. Et%mﬁye%;lﬁﬂﬁlﬁlsé'?m%iﬁ&}ﬁih%n agjlegsgtglgendent certificate and private
signature Key Tor each of —a user's a plications, to allowit to sign

appl i cation tranSbtnrgerel snllesered by 97y cha semence Jepmay iprhiph the horizontal

gppl i 03“ ?cn%%ae& iﬁfds&l t}) RbpREdBinkiae fiow mmétrx]erﬁcmaﬁ;ﬁeﬁs&emukeﬂ tdé &yfeée?gmr oduct

ar code "hyperlink" activations, the system recqrds a vorite
appl i cati ok#db e é"TpfeS%'thb & TTEBE'C PRI e é’% %(e) % B l?c""temfaﬁﬁ‘gl%@ Each
appl i cat i onpresgntias tho Bichte@fithevntity. uing hp timcatentgnexptsots ldems is alpgn byvelagpdt em

mai nt al !’IS 1. Thfits Bg%e Qf‘engt?lik_aalclfiveptile 1%3@191@ ls%l?&!n'a%ﬁéu% 1L, @gdaﬁgglihe ch)Q)c@é low it
to credit and debit the provide click- through fees etc. A

appl i cat i oifjsetsd herefo re,%ﬁe%%oréleﬁébfq%éﬁelifelﬁfs a&teﬂelleéﬂlg Exphog 3R FBE 6Nt ent
The syst endeast 6 portlSpatchies p&edl.s Wil I i ngness to receive the subscribed
publicatiop, as well as the exppcied frequency of publication.

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

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

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

The page server uses the application ID and alias ID to obtain from the registration server
the corresponding user 1D 60, the user’s selected printer ID} 62 (which may be explicitly selected for
the application, or may be the user’s default printer), and the application’s certificate.

The application’s certificate allows the page server to verify the message signature. The
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NPS036- SG 47 4.5 RESOURCE DESCRI PTI ONS AND COPYRI GHT A preferred enbodi nent
of a resource description class diagramis shown in Figure 40. Each
docunent and content object may be descri bed by one or nore resource
descriptions 842. Resource descriptions use the Dublin Core netadata

el ement set, which is designed to facilitate discovery of electronic
resources. Dublin Core netadata conforns to the Wrld Wde Wb Consortium
(WBC) Resource Description Framework DF). A resource description nmay
identify rights holders 920. The netpage system automatically transfers
copyright fees fromusers to rights holders when users print copyright
content. 5 COVMMUNI CATI ONS PROTOCOLS A communi cati ons protocol defines an
ordered exgharger pffeqm sS1BPRBistABINREE fART thd HPlicattol ID bitPaliREIDNRECtogRE €M
entities s c@ as .p ﬁﬁlnters and servers utilise a set of defined
protocol s F&uvEs 6”?’?ﬁvely handl e user interaction with the netpage
system Each proﬂbtmtes%wwﬂ$mébﬁaﬁddmmymmaym@¢mamseqmeméénﬂméghawgtn whi ch
the hori zogk@btionliFRARE Bl inSs 465 R0nd PinfeL R BRI T RRSADEs b4 BWiaR dnablle
vertical dinension Is used to represent tine. FEach entity Is represented
by a rect afgreOTBIREEHP ijetthe name of the entity and a vertical col um
representing theRmmﬁﬁhhﬁﬂm@&ﬂ&hﬁmﬂﬂbkaDsﬁMmMﬁgmm&ﬁbﬁmmmnﬁﬂmaﬂtIty exi sts,

t he. lifeline is ce"Yﬂe %pph(ﬁtlonah ?11stnb édm?ll Of%Jr(iOClgl‘lﬁ { s%mctm’es tto%'e su{;It L tc}/s IS

active, the lifelinei as a I ne ecause ocols
consi der edseleedeoridtsrsyvist theerelegiepagy seryers tit rpyticost the Yagieus Slhhseft@flth?ehar@reéjegener ally

cut short GsnSRRRbuds schBe®Rbllidadt chabRRSESh bdde RiVedslafd RS ﬂoﬁhto@th@ hkpagl - 5.1
SUBSCRI PTI ON_DELI VERY PROTOCOL A preferred enbodi nent of a subscription

del i very pPYigeshanpeds argss Hle’ff.f@tweé cqagent gbipcty Jhey ey ablsr o peral ey
subscri be freviaslp psintast doainep sibictueatThdallows#e Pagesaversio edli chinplete ddtBiientdeo I ai d out

d'fferent'éﬁu&k%ﬁﬁﬁﬂﬁugﬁﬁkﬁmgﬁﬂ&é#ﬁﬁéﬂ%‘&Lméﬂ@re common content such as

t ext objects i mage obje e su scrlptlon delivery protocol
therefore @él|veH§”%%W6ﬁ@ﬂW“@NPB€F@Pbs to individual printers via

poi ntcast, but d@ﬁé{&&&@ﬁ%&d m%&m{aammp@mwmsmm@ms The
application (i.e Ubllsg§? first qQbtains a docunent

docunent from an" T SEVEP DCPREC YHAARCKERRTL ee?c?ﬁm&gﬂ’ﬂlﬁaéersi °g ﬁﬁkﬁ%‘ﬁﬁr e,
i ncl udi ng nehrsst depagerpridter 1601 . Athel ciFhdéeniifes dx ippdei 20d 8 Jocatfop ot e ppeeg@heseinteer 10

responsi bl g f &mk@ﬁm%@@#ﬁ%@%e &ﬁﬂg&mﬁhhgﬁ Bﬁgm&D It includes its own
e

appl i cation I subscr 65, and the rel evant set of
mul ti cast channehewaitissdeteppines syigfhesDYhdhepeyerk gdiriss piily prgegerns il adieadlias gnat ur e

key. The paggusehvbe mswsﬁehedrasmhy élzaidy 08 inlild cansif ak lu@smls Eécénqy phtaka from
the regi Stvlt‘ng]ztllosn éseré/%e terthenc%r %)tg US“%{' ! I'I% e age earncliai01§6| ected
printer CRAT TR mi3 P e eXplT el 287 AR TEPIpST e
location to the page server.
The page server loads the page description 5 identified by the page ID and determines
which input element’s zone 58, if any, the click lies in. Assuming the relevant input element is a
hyperlink element 844, the page server then obtains the associated application ID 64 and link ID 54,
and determines, via the DNS, the network address of the application server hosting the application 71.
The page server uses the pen ID 61 to obtain the corresponding user ID 60 from the
registration server 11, and then allocates a globally unique hyperlink request ID 52 and builds a
hyperlink request 934. The hyperlink request class diagram is shown in Figure 44. The hyperlink
request records the IDs of the requesting user and printer, and identifies the clicked hyperlink instance
862. The page server then sends its own server ID 53, the hyperlink request ID, and the link ID to the
application.
The application produces a response document according to application-gpecific logic, and
obtains a document ID 51 from an [D server 12. It then sends the document to the page server 10b

responsible for the document’s newly allocated ID, together with the requesting page server’s ID and
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the application, or may be the user's default printer), and the
application's certificate. The application's certificate allows the page
server to verify the nessage signhature. The NPS036- SG 48 page server's
request to the registration server fails if the application ID and alias ID
don't together identify a subscription 808. The page server then allocates
docunent and page instance |IDs and forwards the page descriptions,
including page IDs 50, to the printer. lt includes the relevant set of
mul ti cast channel names for the printér to listen to. It then returns the
newy all ocated page IDs to the application for future reference. Once the
application has distributed all of the docunent structures to the

subscri ber e hypsbikeeqadpri nters via the rel evant page servers, it

mul ticasts the various,subsets ct Vi OUS

sel ect ed nultlcagﬁe%ﬁmdﬁﬁTﬁnmﬁmF% E eﬁg@m‘??gpgﬁ'pa%?ﬁ g}s%ﬁ§%$?%r thy
approprlat%Wﬂnume@ésmH@hamhamyrahaﬁme@eﬂDéZﬂheﬁ%ﬂmgqﬁwmédﬂ@dwvgmwtobjects.

They are t@%th%%ﬁc&&eﬂ?ﬂa@@ipﬁ%@oﬁsh&adﬂ’fe?cﬂt'a?ﬂélnﬁénpo' ntcast document
structures. This_allows the %ﬂ servers to add conplete docunents to
%

their databases, TBneoRe Pagr Pestes alompies sorumert instapes apt page Ispl By BBATYY 5. 2
HYPERLI NK Aﬁ&ke\i’éﬁ'gem t3RAIT4pplidatio, ﬂﬂeﬂlebdnqﬂtteenshmdmrm ité ovaf daabdey ped finalk
activation qt.ocol h .45. Wen a user clicks on a netpage
with a netsel% eﬁe%%desc??ugnsgvmere%%u ? ‘6s the click to the nearest net page
printer 601 TheThﬁl hmqtluﬂcd@mqemawclme msereiuh ehsagtiqndl 4. ipwhidysae e fighge. The
printer aﬂaa%@@éi'\)ér KRRAYSE de@intaBlida 0k tﬁehﬁes%@ sefn{ Mt BS LA, ABRNAGLS @8

pr ot ocol rint e€; deternmines, viat BEe networ k address of the
page ser ve?PP‘i"é mHO.STPlish g ranpaqonsResific eqpfexy OTﬁJéed‘éP‘Tl BGVhe address may

al ready be in it # tieaghelinkfreqisins amﬁeahahas 1rséﬂemteh1yred nittetuicis &0 thewite irst he sane
page. The %%é é%f\s{seﬁé%&hih% s hd'Ge ?ﬂﬁﬁlo{?%‘sﬁ%'ﬂ{%@gﬁsff Qe%ze the page

I D and cli ocation to the page se ver page server he page
descri pti oh tgohteiennt juptthesas D earesppriée 19 iy ren &P bré pley thy aiesdD %mr@womﬂgm

e: enent’ s zORRLGHen If and M, usdr 1B, 1€ Ik 1Gdies kle @BasiID. mﬁswmgagedt ems Ypiaad | nput
elenent 1Is

. h ink ele t 844 t hen obtains the
Ssoct at edRBF FE P ey Er BT wer ht B ER B o Ra i ifaes. via he DN
t he net wor%3addr HsspwiRiTINGRECQpINDK BROTOROIS er ver hosting the appl ication 71.
The page server s, bfaRRM diblcth aiBoRB YA B nldie GOl HESRABHGUSEL | D 60
fromthe registration server 11, and |'ocates a obal 'y uni que
hyper!ink f@ %glfneflfymaaaggﬁaﬂ%mh?ﬂfgkeddenh%élﬁmgﬁkn raé’a{ae%‘gem% The hyperlink
request class di ags@iitet Hroahi W pinIDRI Gitdlo@n fdhter T 62, ki pae > BKand kektipah 1 ecor ds
the I Ds of tthhe regus z%‘?rt]ng user. and printer, and identifies the clicked
hyper i nk PRSPHREE e p [ge server then sends its own server |D 53,
t he hyperlink re@brfesige beDer lpdy thehpagd dopdeiptidd % identificdl by the page ID and determines

which input element’s zone 58, if any, the siroke intersects. Assuming the relevant input element is a

text field 878, the page server appends the stroke to the text field’s digital ink,

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

5.4 SIGNATURE VERIFICATION PROTOCOL

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

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

ID 61 and the pending strokes to the registration server 11 for verification. It also sends the
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application. The application produces a response docunment according to
application-specific logic, and obtains a docunent ID 51 froman |ID server
12. 1t then sends the docunent to the page server 10b responsible for the
docunent's newWy allocated ID, together with the requesting page server's

| D and NPS036-SG 49 the hyperlink request ID. The second page server sends
the hyperlink request ID and application IDto the first page server to
obtain the correspondi ng user I D and inter 1D 62. The first page server
rejects the request if the hyperlink request has expired or is for a

di fferent application. The second page server allocates docunent instance
and page IDs 50, returns the newy allocated page IDs to the application,
adds the copph@heD doasitRRY witDth fodn GNW]ndﬂ&ieafgﬁe&lﬁe fiadid pdri, Raldiys theé RRUD t he page
geffgra:’lpf’l:;]]?%f % r%a %ug‘rgpgt[d? tg con?eB é}gh % are Qtleong eﬁ Edlell%tﬁ enussergzor%% 0@%%: ncl ude

i ncl udes tthdhetpemmsdoses beudels dmamlh e‘mlawtrs:e&w g wnfyrrbe sal}sﬂsaels m:ﬂat: bgsps  Thi s

al | ows t Neen@RRl dredth haNerfiBy BS GRS BridehRAZAGE hs@ﬂh§di3§1ﬁ:!atfdn@l) @%aeee; for the
hyperlink activation. |1f the hyper1ink. requi reitga user alias, i.

"alias reqi Pdeidenspythy s argligaigusgpecifiqpsiyate ﬂ%la'f‘ie It thsm wsgs W kaydy geﬁf‘éﬁfas bot h
the pen | Ilcﬁguamiyﬂatﬁrhefdwfpﬁdamand&nappieldtgaﬁls@mmﬁo 64 relyeestind @age @gives (That | on

server hgho seRJ,@B%Aé@s ol JmW§gm§&§o 8 §lonah (01 4 §era.;%da'spgf%ofomest R, | D but

al so the alf cor esp gto e app Ication and t user
It include&ozethe alias IDin the nessage sent to the application, all OWI ng

the application trg &slAhldeeR RdSEhe AR DD b3 6f GO BHRPpbndiR usdr. hﬁisha)ﬂgﬁsl'i i nk
activati on. HANDVRI Th‘ﬁ’\g RECOGNI TI ON PROTOCCOL When a user draws a stroke

on a net pasé"é?e\fﬁnﬁocaﬁm‘ﬁ 8%BFefiP?PFs pen conmunicates the stroke to the
near est nefpage pommSmnss‘ﬂmePnomamke identifies the page and a path on the

page. The print eE\ %xﬂ;% Qﬁoﬁ%&ﬂs&uﬁs"smli}o%m?% o%'uﬁ%&F 46D 62, the page
(0]

| D 50 and stroke the page server In t e usua The page
server | oads thers?gS@ piesioa rqopy Wi 2 Jormmdiamerlik astvapp. ﬁtwé%pfaléfém ' pipigeol
determ nesdeﬁymmcﬁoaputmmlsaﬂaeh@e@&a@m&&; if any, the stroke |nt ersects.

Assum ng the rel Py a. . text field 878 e server
appends the st roﬁ‘e ?%?Setcﬁg rg’j‘typege‘"gl%a tgpe&l 5ot iR RIESS28RF T PY tthe f’)aérl DG of
i nacti vi t yl4 i the lagpligatipre7 Iodiso tehreninsabet forfa 1B] 56 and thecupreny dats e@ntgg of &efu}s Ithe pen ID

and the peggi gl £ Kgtukticldd Fheh R bisiibAbd RAREGIcH She b bxdaBling ALRL B 65 at i on.
The reglstratlon sefver 1dentifies the user corresponding to the pen, and

uses the uS¥riatd a&%ﬁﬂr@ip@eﬁmmﬂgmﬂﬁ@%@wmsﬂlz °°‘feép°f“i1ﬂ*ge"re'pﬁfé"t‘e fe strokes
as handwr i hé eglstatoatservddice it has converted the strokes to text, the

regi stratigg se&éﬁﬁ?ﬁgﬁ?)&%r‘{p@?hg t to the requesting page server. The
€ tex o the

page server appends ext val ue
A preferred embodiment of a commission payment protocol is shown in Figure 47.

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

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

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

credits the corresponding application provider’s account 827. It also notifies the application provider.
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of the text field. 5.4 SI GNATURE VERI FI CATI ON PROTOCOL Assum ng the input
el ement whose zone the stroke intersects is a signature field 880, the
page server 10 appends the stroke to the signature field s digital ink.
After a period of inactivity in the zone of the signature field, the page
server sends the pen 1D 61 and the pending strokes to the registration
server 11 for verification. It also sends the NPS036-SG 50 application ID
64 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

regi stration server identifies the user corresponding to the pen, and uses
t he user's dynam c signature bionetric 818 to verify the strokes as the
user's signaturégf theQ&@ﬁatioﬁ priod@ger et tb bredl thd@insi ;gmdeu it@endg lheprfnegi)rs‘hdeﬁt ion

Server USES c{ih. the t | %r}verl%getﬂer w1tg thekgglerlm}s reqi.vﬁt fﬁ) dgag% F'e f(t hetthyser S

appl i cati on-specl fol %: e si*gnat ure use
generate lypetlinkireqapst B Qn@tﬁ!ﬁ’ the B'ﬁﬂtftfmd $codisriheckaady on tortep rﬂe*mmw@ﬂwe sqiyegyi t al

si gnat ure {gehSi R8I IDMheRRBRatDE LVRF creditiBe coPB@EndmE bNIRS: pRASEerdsust he
digital signature to the signature field and sets the associated forms

status to rozen. The digital signature includes the alias ID 65 of the
correspondi ng us@&he sohfvk Sapglichtdwspravides isngtionaflp monifled of ajet ideraityvefl the pdrget user s’

si gnatures, > F%gMS > Egg!g}gqﬂ A t of a form
submi ssi on pﬁl?cgt?o(l)l@o |r§ggﬂ48%§h I gure g@%ﬁé{(j %lpfs;%?% lroI(;)Hglf‘g:;rurs via a

f orm hyper®i nk ab'FTPWa'EPENPESICB'PT'%s follows the protocol defined in Section
5.2, with gene feeimeEsiaRicEi ¢ additions. In the case of a form hyperlink,

the hyperlink actlva,tlon ness nt by th age rver 10 to,t

application 71 aReH 8o H8E Sta??g E‘F A Efmg%ﬁya%ﬁi‘g‘faﬁé%ﬁﬁ‘%?@ﬁ? e él@lont ent of

the form ihfludeh€honfigy 102 Gxah fainhisf a@hyticsmgyhiiighaeng wals US defidhgan tnlkeorappt | cat i on
¢ ,

verifies eﬂﬁ*}org&ﬁmi%%fhggén cgﬁ%dn&gs Y GQLFQ& kR d Qéﬁmﬂﬁﬁ% pon daﬂgtg& hdle

correspondl ng I gnature an al ni ng the corr certl ficate
from the H&gf herbarsingr 03 ek yaa-tranpparagt everdofisSTImd P ACVFRFFIPROT

preferred gukotioremnt chfr 187 £ ARIBISHLRA JRAYIRA is PHaddgeel seﬂusraﬁgmmmht&aﬁ gure

47. | [ ble f

an appl | cabieB © PG o e ks PGP oh B agney 'Er TREART i ons. and
sal es. Conifi’dsivdrss: 109in pazied)? auigh suemmiplysuoewdohe edrif? sStholwsinpif2ahdo be
payabl € f r %L&prml 1|1§ Q/ﬁ[:h ﬁrg_]eé’tthgaclpﬁ'aﬂ Ithg%{amqiart tlbyaang rﬁ'tsrulﬁﬁl a CIH& (Q%ng l'i nk

request 2 is used to route a tee or comm ssion credit fromthe target
appl i catl ottt di biprerdrin thgavaie1dg of the hewsipa 1192 viorafin antensa f He's a15patsd akirdbte pr ovi der

70b (i.e. publibsheioh,11@RMEhin the housing 102. Screw threads 113 surrounding an aperture 113A on
the cover 107 are arranged to receive a metal end piece 114, including corresponding screw threads
115. The metal end piece 114 is removable to enable ink cartridge replacement.

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

The pen can operate both as a normal marking ink pen and as a non-marking stylus. An ink
pen cartridge 118 with nib 119 and a stylus 120 with stylus nib 121 are mounted side by side within
the housing 102. Either the ink cartridge nib 119 or the stylus nib 121 can be brought forward through
open end 122 of the metal end piece 114, by rotation of the pen top 165. Respective slider blocks 123
and 124 are mounted to the ink cartridge 118 and stylus 120, respectively. A rotatable cam barrel 125
is secured to the pen top 105 in operation and arranged to rotate therewith. The cam barrel 125
includes a cam 126 in the form of a slot within the walls 181 of the cam barrel. Cam followers 127
and 128 projecting from slider blocks 123 and 124 fit within the cam slot 126. On rotation of the cam
barrel 125, the slider blocks 123 or 124 move relative to each other to project either the pen nib 119

or stylus nib 121 out through the hole 122 in the metal end piece 114. The pen 101 has three states of
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fromthe source application provider 70b to the printer provider 72. The
target application receives the hyperlink request ID fromthe page server
10 when the hyperlink is first activated, as described in Section 5.2.
When the target application needs to credit the source application
provider, it sends the application provider credit to the original page
server together with the hyperlink request ID. The page server uses the
hyperlink request IDto identify the ource application, and sends the
credit on to the relevant registratiorn"server 11 together with the source
application ID 64, its own server ID 53, and the hyperlink request ID. The
regi stration server credits the corresponding application provider's
account 82peratidn. BY t6:@inf O toh i1 @Sthibolih 90HHRbd, MathieBaty 0871 der . NPS036- SG 51 | f
the application ?HOVI@H%1€FedS to credit the printer provider, it sends the
printer prOV|derty3r "Fhe original page server together with the
hyper i nk 1equeslkk taDridgpli &8 piatjé csteander uses the hyperlink request 1D to

identify the IOr'ﬁélﬁémk%%dgﬁﬂgﬁlbtlT@ou%o‘i—‘%lﬁs 1984ibitde rel evant registration
server together with printer The registration server credits the

correspondi ng pr friewpd B‘? Bl ‘éé@%‘?tm ag glactronipferhasgy | 0 high 51t T Bh
provi der isugptlionnat lsey()IﬂCﬂIEJt Pare thoGhoukith@ ihfebesati iEDYI 3 Dfor plradib@infedd raddipd | cat i on

- provider, nd 1 vi.der of e. i dent |t of the soyrc
ol cari ot ey Fa i B Sl RSBt Pt BTN i st R e
Ref erri ng 128 fEirgeivias refectr dad@tion fpen therfacgclihe peapridylex|BER Hatse dotnfs aredier ence

nuner al 10é~equen!: Ul@?Swhﬁ:h BRkigds RORE QénsihiterlDERF %mepfan@a Rhsitd & 199} dl ng
having walls 1 efining an |nter|or space nmount i n the

conponent s""mﬂ]l‘é‘g (SRFation pf GoesnilQl. Ag optiss plagk I3p (fP‘BF%lfT% F"s?“iiifdtﬂ?ff Stig) Sﬁﬁe end
106 of thewmmuﬁwagmim2amﬁpﬁﬁm@mﬂmﬂmﬂpﬁﬁenmoﬂeweﬁmdﬁﬂrm&wsemumeﬂmimethe

Blpggts: E:g egﬁ%flsgnssorolf?::ltfn)ge SH%J SI neg 19‘60 %hnelh;ge c%gli{&%n% 911 thé i%co%!i ﬁ& 158 @"é& ded

I's for sem -transparen In order to enabl e
t he user tRptigry eantapth @35 vhith pse wountef @ithirthe gy harsbl1 22 Mﬁrmm%lHéS trouest tythd 02. The

(1: g\éer f t1g7baﬁa§l;dm@e§ 11381 ;ﬂ@m@caaaora&ez l{@ﬁA}[&_ﬁéeGBIt feu?fgtemtﬁt@u o &ﬁ%tﬁiﬂlﬂfé%ani hg eEd

0 e _housi ng n rojectjing,. portjon ic ects bac
fromthe ﬁﬁfﬂ%%ﬁF¥mTﬁ§“§$%e%WF Cﬁ%?ﬁfﬁﬂgﬁp%wrggﬁﬁﬁﬁi &P edf‘Tt ormed in
the wal | s s:G8d 6éx RBel 2 GusibirgechPing & thedaiery @ vie indactiddl 2hd sconblextP€8 1REhi nd t he
proj ecti ngROLiLOm: idQq L‘ﬁbt 1'35 Qndt Jﬂﬁﬁ A QHdaRde iLQ?for é&éﬁ&&&ﬂc&%ﬁﬁn i Bam

sur roundi ng an pert ure e cover are afranged to receive a
met al end Ysieldds whea elﬂleh@F ﬂﬂwﬂaﬂ eiohe Bk EridE rldjf %ESF%W ’("Wff’édﬂgfdﬁfﬂ@abl%e net al
end pi ece cjeﬂeﬁmhe&xoﬁ SRVBRE eelﬁgqpﬁiamlt@e dufiice 6t pénd@el 19 epém&rﬁem .ThAFs 0

nmounted wi thjn i or, st atus LE on .a PCB
117. The %ﬁ?gﬁ qﬁi% ec”Shg&tlso ot edmgﬁmfﬁkm??ém“ﬁ %ﬂ thes[lefus LED

116 i s nouti¢ckdi2dend13é top of the pen 101 for good aII-around visibility.
Rubber grip pads 141 and 142 are provided towards the end 108 of the housing 102 to

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

The pen 101 is arranged to determine the position of its nib (stylus nib 121 or ink cartridge
nib 119) by imaging, in the infrared spectrum, an area of the surface in the vicinity of the nib. It
records the location data from the nearest location tag, and is arranged to calculate the distance of the
nib 121 or 119 from the location tab utilising optics 135 and controller chip 134. The controller chip
134 calculates the orientation of the pen and the nib-to-tag distance from the perspective distortion
observed on the imaged tag.

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

ares”™). Thus, a region on the surface which corresponds to the active area of a button or hyperlink
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The pen can operate both as a normal marking ink pen and as a non-marking
stylus. An ink pen cartridge 118 with nib 119 and a stylus 120 with styl us
nib 121 are nounted side by side within the housing 102. Either the ink
cartridge nib 119 or the stylus nib 121 can be brought forward through
open end 122 of the nmetal end piece 114, by rotation of the pen top 105.
Respective slider blocks 123 and 124 are nounted to the ink cartridge 118
and stylus 120, respectively. A rotatagle cambarrel 125 1is secured to the
pen top 105 in operation and arranged to rotate therewith. The cam barrel
125 includes a cam 126 in the formof a slot within the walls 181 of the
cam barrel. Camfollowers 127 and 128 projecting fromslider blocks 123
and 124 fiiaywtetehdoedt th ecticambslIED, 3iRidog thEnser oft thd ped Risoll febdbackabanthe batfonet 125,

t he slider s 123 V. el at 0j ei t her
the pen ni ]Brgé.’f%%lﬁ %C}l g%‘f‘f%lﬁése %%]ll giﬂ 1%%5046’? 1%' ﬁ%%gﬁ&fﬁ% %%P%&ic%%e P’%\n itoﬁgé met al
end pi ece cBpure cqifsuopeRen facE r¢idisest Hiue pregipyerailie wiface Npido@geBmdsS D agigeat | on. By
turni ng t hgpd 88 AP& dabtiaQig FapRE cshi@ites peh 16t hidé.€e states are: Stylus 120

nib 121 out; Ink cartridge 118 nib_ 119 out; and . Neither ink cartridge 118
nib 119 out nor E?”yﬁ%é:éCt’f’?%?aﬂ‘( °?§f“'%&%‘?ﬁyﬁ°‘§%6ﬁif“fsll\‘l’$§“°ﬁi§8% ® °"&*%punt ed
on an el ectfraoniese of 696 itanpkd Genitil Pbsitond en the tunfiage, nhieted yopesidogn &O@.and'he
second fle ' Mol [ ed
" at i on' pBrECHRIE R ool KA ik et o B AQINDR puBLEA T ded
nmount ed ontetitisats wheheethe panis orer “dory”.fapel} a5 being ntagreied oy aertibevs diteafer on from
t1 gg S :/Jv[m f aﬁ&gmﬁflmaea@ﬁgadsR %bﬁxnga%_ &2 T8 @qug'léuﬂ&a&uad_ guaﬂéseonétfuﬁt@qaedmewl fhi p

: ich. includes. an. transm tter and. ecei ver nd a cont. er
chip 134 SEGEN P b B st it coroptiee selnrs e BE6 @ Forelk 135
(formed fronhanguifdedvins ead hpkdagtingc®) oglitesrecoghitidn of hahdvritioy end 1@ onding
proj ects ap.hffilArsch.Regm onto the surface and receives imges onto the
i mge sensor 132. Power supply wires 136 connect the conponents on the
second flex PCB 129 to battery contacts 137 which are nounted within the

cam barrel 125. AtilsipiheTH chip3B83 anaeaitas 12 e phe101 kai dadmyt Godtiacis dks37 and

the cambarre]l . 125. A.three volt, rechargeahl e battery 139 sits within the
cam barr e‘Ir Enfgg ThP e fo{ act a- ﬂaclﬁ%ee(ﬁgrf 5%31 agont 13]81?05¥e RAPTRENE T on char gi ng

contac con
coi | 140 i s nountéen tibomtis inhege slecenstierf hesigiRCBk 1a0is trenseiiabiset is &ohdr gi ng of
the batt erynddfe pehdod RAME b O rangl NBeiBRIONSE it b GRNid 9 perfo$ gméTEHdﬁbﬁ an

infrared LED 143 I%gdevh%%r ar ed FhOt odi ode 344 for det ectli ng di sfpl acenent in
the cam bHFHEY I¥SS WABH BRI YRR Sl S A D0PPBP ey RIS ¢dEe 118 is
used for whbtioh mgthe durfacoY @ canbotr@nsildddata. det ermi nati on of the force being
applied to the S%Jc%ﬁ@oll?r%hihh?ﬂ%i@%@m@d@nﬁn&gﬁfﬁgﬂ% %éé’?zg@dﬂ ,ﬁeﬁ%l.ﬁ%@r R
phot odi ode 144 detects light fromthe [} 43 via reflector fnot shown)
nmount ed onis ¢ leckstiqegalivsttingip poegaibhelardpiec i s sontigier phimBdFigprelOghyl 142 are
provi ded tHY@s dEsestiiRioRndhd A8 ciah 133h@e MARSIeRSr 180 AndtB-color status LED 116, the IR
tllumination LED 131, the IR force sensor LED 143, and the force sensor photodiode 144,
The pen controlier chip 134 includes a controiling processor 145. Bus 146 enables the
exchange of data between components of the controlier chip 134. Flash memory 147 and a 512 KB
DRAM 148 are also included. An analog-to-digital converter 149 is arranged to convert the anatog
signal from the force sensor photodiode 144 to a digital signal.
An image sensor interface 152 interfaces with the image sensor 132. A transceiver
controller 153 and base band circuit 154 are also included to interface with the RF chip 133 which
includes an RF circuit 155 and RF resonators and inductors 156 connected fo the antenna 112,
The controlling processor 145 captures and decodes location data from tags from the
surface via the image sensor 132, monitors the force sensor photodiode 144, controls the LEDs 1186,

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

medium-performance (~40MHz) general-purpose RISC processor.
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assi st gripping the pen 101, and top 105 also includes a clip 142 for
clipping the pen 101 to a pocket. 6.2 PEN CONTROLLER The pen 101 is
arranged to determine the position of its nib (stylus nib 121 or ink
cartridge nib 119) by imaging, in the infrared spectrum an area of the
surface in the vicinity of the nib. It records the location data fromthe
nearest location tag, and is arranged to calculate the distance of the nib
121 or 119 fromthe location tab utilisging optics 135 and controller chip
134. The controller chip 134 calculates the orientation of the pen and the
ni b-to-tag di stance fromthe perspective distortion observed on the inaged
tag. Control data fromthe location tag may include control bits
instructing t he m&np&a&mta45aﬁphVam3m%bscmﬁmmhquameﬁmrb&ﬁbmthBSams in fact
one mode of ANG . u%&’j' Rha eLT'%Qsaétlﬁerfac""‘l'sf %ﬁﬁ&%@smﬁﬁi %191@!3"}518&4 38D

det ernines, fromthe cont a, that t hat 1's belng |maged is an
"active alrﬂee:atsd m’crhla@e cogtrqlleh B Agplog Recogppriepte REgHiwH ST RESHORYS apd t he

active ar e@d@&rsqs@%ﬁgnﬁmmmygbgﬂtémxcmﬂ\lPSOSG SG 53 may be encoded to
activate this LED

Vi n the r_of t V|sual feed ck that the
button or hyper ﬁ‘en'g“age Seaet Pvie ﬁﬁéﬁ p’t"f‘te&ﬁ)eﬁ? SR I PLOIBSF, ?t’ yiMatsug@iiht ¢ ol
data may aklswonie) Soporationt 4ng i éweribl int 0paperaipt linkera,COMt Notuads N Okusénys, o

readi ngs. Jhus, h?)‘ gﬁﬁgf 100 108 s AW AT MG 5%9;0{ for ﬁﬁ%%?féa%ﬁ S§%$en gpat ! e

i nput area can ed to capture continuous 101
action relBEE \Tentaeﬂ%el Kleptrprie Bevirgy Vob Apropwker 4, %@W&@O%Whlslt sdemorated st r oke

consi sts &feuﬁ,ysgaa@é)e‘ahg{mtﬂu&e starrped pen 101 p05| tions on the surface,
initiated by pen e a uent p _event.
Note that ben't orfeeaiic BmeRs TRESo fud ot ST TR Rn SR 06T ol cat e
whet her t hi¥t et insortagpivittor sutfaeintcormsitesve Hidicatsd Hepinlpoiwhick mpnietsdi: fage a

cont i NUOUS Y@l HBmdib® 144 EREAIREGip WAEDndloll& 1@?%'&1@&»@&%& &Qsﬁoﬂ Qéﬂ%x!v'x{ e. The
sequence of captured strokes constitutes so-cal gl gital 1nk". Digital

ink can be#%ed with a conputing systemto formthe basis for the di gi tal
exchange of dr ammgeman%&a;eﬂmmhm&gas if O uiliterséd EBONIEE @G inbinflly Gkd by

handwr it | nc% dilessqdlgphones fljﬂéel{n%levelﬁ met{le c%r?‘s%c!l ?PG}?zfmdsusl%qaé%lgr[t ¢ H.ndLI{lt Il I1 ﬁ%ﬂg at he RF

chip 133 an can transm

(whi ch i s wnd psdoises dredugrcy sapine mtdyolhm dpta@hlatge@vtiemteétrtqceﬁ@wpmmmm ssi on)
to the congyti ngpsyséfi® WWen the pen is in range of a receiver, the
digital ink data is transmtted as it is formed. \Wen the pen 101 noves
out of range, di §f fisfEssehpboyratly pF‘émlePF‘@r‘se’ﬂlptﬁn‘f‘}‘ﬁdﬁ’ytaﬁ%"“‘ﬁé‘h°pilﬁflb°€¥ *pen 101
circuitry Tha(bbtﬂ:dﬂﬁt i inkplehdeméd tarrtneai@g@dmd)a?,s isaneraddgtembtichllylén Bigira 6T. Ohe

appr oxi mat t%co%?n%&%&ﬁﬁe£§ e pas nﬁﬁ’a OfonPile | nE%ec? ﬂf‘ﬁe%]m%%gtééai‘ be

transmitt et € con Ter 4|s nount ont e secohd fl ex
PCB 129 i nbeelheplﬁenlﬂm.obﬁtgeiees heg antlsseaortﬂlleeuﬁbfoa@%n&get ppge pie fPge i N nor e

detai |l theseabCRb a6l M8 6Pfiudibe eeoplnighther chip 134. Figure 10 al so

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

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

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

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

112, The cont rol kg PEOCSE SOl SOHRENES SR s BRAHESHL ARl A, At 2 1 om

tags fromthe surface via e I nmage sensor nitors the force sensor
phot odi odeiligatioggles prithse sherbexpEprs tnm g a speghaperfiep- Thpghoregippshra e erevents

short - r ang@otoR Biud HEOANBRRL SkibORg Ytateaptite ddrRE p& thdvaisC Sha/akhll ap‘éaure iitows. s a

The pr ococtBPrEA® o ida LR al iR aRut & U PRIGRRT 0l POBRE r of 1 or

153 and b@@&bambemrmtmlvlftﬁ%purpmge sensor |nterface 152, flash nenory

147 and 512KB DRAM,14& .86 e éeﬁ},BlegfzaﬁaQQ slr&hg%sﬁblﬂegh@ougﬁ?ﬂtt &19'&:1%1@1% oAby Anal og
RF conponents (RF circuit resonators and- 1 nductors 156) are

provi ded i AFTHEPIEOHEF SRETRE “dﬁ?rﬁ"ed"PH’é( ap irdigied SBe1d 63 in the prwrmrb s i el CCD
(such a sedqfiies & Sle@ruﬁdébl eaﬂe Ly ddvhbstsirtha, ﬂ£|ﬁ6ﬁtﬂtaﬂteﬁce%hﬂﬁ{eﬁ§rhﬂits o@nd is

descri bed D& ura,. K busada N Ckus R Nagayoshi,
and M Ozaktil %Q @é’f %é%"fm%l’?ksc‘%ﬁl}l%ﬁﬁgep oL e n?af)?“@ hi ature Canera
Systent, G.£EE TPamemsm on El ectronic Devices, Volt 47, nunber 1,

January 2000, Vm'\hﬁ;@n lh§ kﬂQ&BH@f@ﬁﬁcaﬁﬁé&h@l@oﬂﬁé&h%?@m%&é&t@fﬂliR
filter. The controll SIC 134 enters a quiescent state after a _period of

i nacti vit ySupe %H‘?%“Hé‘ﬁtml’%ﬁ“si Rosiiopandl pricuigfiqnayelptivi for the syrfacg il 40 Hz tojaflow
i ncor por at #eurde Badkraat edogitibC Wed th&ﬁacw\iay TdpperD T, COf Sueh hmi T (Wa&f:hara,S‘HlﬁSOl‘

phot odi OdeSt]I4 tﬁngrtmgt?ﬁmgﬁandhﬁn tegoo l S I_éE?EATransactlons &n BRUK Aager 151 on
ent . f’the ulﬁf i censed

a pen- down dio tran cel COfTTTLlnI cates I n
900VHz banMaqh@r» mligsncaé@dﬂbg}umbercﬁr au@wmemeﬁ;m@s of viychad ipcerpazated Yasdiy i n t he

unl i Cense%y%r(ﬂ@é%r&h&ﬂ gad fbic@-éensoxgﬂio%ﬂxbélef 148 1s@ﬁﬂemq{dﬁ§\£ relativdMireshBld Rfbthe@Nd USES
frequency hopp| ng .and col | j sion daﬁff’gtl on to provide interfere %e free

conmuni cat PORF i B P BleRP THRYEY S AFevEuos Yf‘@“e’p"éﬂm%‘fﬁ Bt% cs is
i npl enent edawwmmdm@boﬁpmm@mlm@v erlf@B. The optics that is inplenented

by the optics bogy, 13901 frehlihed 3 bkH aRCRERRLA Sl b 118 151 GUREwflee by NE
imaging, in the infrared spectrum, an area of the surface in the vicinity of the nib 119, 121. It decodes
the nearest tag data and computes the position of the nib 119, 121 relative to the locatton tag from the
observed perspective distortion on the imaged tag and the known geometry of the pen optics 135 (see
later). Although the position resolution of the tag may be low, the adjusted position resolution is quite
high, and easily exceeds the 200 dpi resolution required for accurate handwriting recognition (see
above reference).

Pen 101 actions relative to a surface are captured as a series of strokes. A stroke consists
of a sequence of time-stamped pen positions on the surface, initiated by a pen-down event and
completed by the subsequent pen-up event. A stroke 1s also tagged with the region ID of the surface
whenever the region ID changes, i.e. just at the start of the stroke under normal circumstances. As
discussed above, each location tag includes data indicative of its position on the surface and also
region data indicative of the region of the surface within which the tag lies.

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

the pen 101 is in the pen-up state, the pen controller 134 continuously monitors the force sensor
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optics conprises a first lens 157 for focussing radiation fromthe infrared
LED 131, a mrror 158, a beamsplitter 159, an objective lens 160 and a
second lens 161 for focusing an inmage onto i mage sensor 132. Axial rays
162 illustrate the optical path. The optical path is designed to deliver a
sharp image to the image sensor 132 of that part 193 of the inmaged surface
which intersects the field of view cone 192, within required tilt ranges
(see later). The primary focussing elgment is the objective lens 160. This
is also used in reverse to project illumnation fromthe IR illumnation
LED 131 onto the surface within the field of view Since it is inpractical
to place both the image sensor 132 and the IR LED 131 at the focus of the
obj ect i ve, phatodibdzam ﬁ:ﬁlaip‘éﬂdbﬁvn]:&ﬂlﬁioﬁ (stB @6H). t\UhIE[ﬂ{eiﬁen tshiea patdawangde, gepar at e

relay |lens ChsPat N PILOVL ac 5S19. i mage
sensor 132%3%0(19 lﬁgccfnﬁn Egcfgt%% ﬂss %%t.‘i\?‘{e o %Zléd%gg}i‘g%t o gsdﬁh‘ er ent
aper t ur es ufacheinferyiessied 18h pesiiion g orfraeting, fe]ﬂth’e tethgewiagt 16dhend; arepyds Bensor 132

act as t hepokilig! dlia S @Pcubo: stoRdGARLIMI thd 18 dtha mamle; HBrmaS L8 foRALHN | S
desi gned ST that the resulti n%inob ect Vg%a]c uI ar field of viewis as

required (F P8R8 HEpoUsl RIBorsh Yo Per fe® |P8"a‘i ‘6%1" 4F’Pﬁry§’tséﬂ%':§8F%?wt) The
i 11 um nat i &n apdidnsmit 10iehé grlediataciapicdiudp [8hed aganel 103p ée tonppidgeysfeine| d of

view as t gg%g ﬁ;%t M{Sgeu‘)@@m 6&9 mtb[iﬁltc ¢ §7inl drdeH 1l &?e%ﬂgwgétde# the &fke ‘ﬂ?irtﬁe ¢l space

field NP maxi mum power and uniformty | R LED
131 is st ropelted F3sydrdntodeprming vhetergmew s inbeng sid lide of focussed

iIlum nation all awsmhgh Peas%nﬁ)BQEJt seae aﬂﬁlpnwa 188, R HocdssBERbdritdP@etistérg. The
short exposur t%)??%?events fg?&g)ﬁ bl ur, thus allow ng position tag data
capture dufPighER® HOVEERT s TRE™AS Pend?)%P‘feure allows sufficient depth of
field for the f ulfltherpemigevtof raggs of aepdopten totaoetdo, ithen it biffers digivd ikapt ur e
pat h inCl UGS ARheRXP 1 Lnlmi@RAEY/ fubtbebt HLiBPind Hen il ne&mhr}wgpas.%mﬁfaﬁguse the

i mage sensor 132 has a strong response throughout the visible and near

infrared pfem ohepnls @Béé‘tt‘f"i‘fgf"e‘iﬂ?ryllss ‘,51“@(?@'&1@"&5%3‘;0 R g e iggadiipsteat 163 in
t he capt urfastiadidbrSOLHDWatendvér theGdd kit wawrfid Witihd piige. of the tag data on the
surface, free fr erence fr oth r.aphi c e which
may be printed ugfmr]l le?&e WRIPRH™ Op@? fagnd? t<%1‘1Fahe’kn ansmlﬁfqu%m b ?GHSIH¥ Pfgtged 6.4
PEN PROCES@mN@nwmqmt Figrrestdyib o diagrinp illashating thej strictucaefitheirerg dizirel ok Digtalghk t he pen

101 is in GRMtaGk8h H\h@pen%llr {RG&he &J‘ﬁ)iﬂ@@oﬂ&@é‘afﬁﬁé RIseAEShd fade RRSIL | ON and
orientation relative to the surface at 100 Hz to all ow accurate

handwri t i n‘bg‘ﬁﬂje‘ﬁlbﬁtﬁ‘iht’?tﬁ‘ﬁ“(‘@éoqlﬁsé’“ﬂ?tl cle by Tappert, C, CY Suen and T
Wakahara, "The State of the Art in On-Line Hand Witing Recognition" |EEE

Transacti OfiagmbeonR?vﬁaﬁnéatlmAQ% Shs and  Machine Intelligence, Vol 12, nunber

8, August sclos re of which is incorporated herein by
cross-reference). The force sensor photodiode 144 is utilised to indicate

rel ative fhreshghtigMaghiier unit precision range
component (bits)

penID - 128 -
nib ID - 128 -
absolute time ms 64 -
last system time ms 64 -
region ID - 100 -
time offset ms 32 49.7 days
tag ID - 16 -
x offset 20 pm S9 +10mm
y offset 20 pm 59 +10mm
x rotation {pitch) degree S7 +90°
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the pen is "ap" or "down". The force may al so be captured as a conti nuous
val ue, as di scussed above, to allowthe full dynam cs of a signature to be
verified. The pen 101 determ nes the position and orientation of its nib
119, 121 on the surface by imaging, in the infrared spectrum an area of
the surface in the vicinity of the nib 119, 121. It decodes the nearest
tag data and conputes the position of the nib 119, 121 relative to the
location tag fromthe observed perspegtive distortion on the inmaged tag
and the known geonetry of the pen optics 135 (see later). Al though the
position resolution of the tag may be |l ow, the adjusted position resolution
is quite high, and easily exceeds the 200 dpi resolution required for
accurate 1ﬁﬂﬂwmﬂ¢mmg recogni t{on ¢sae above reference). Pen {gd acti gns

re| ative Oo-2a curfaca are Cap ||rnrl as—a cnr|nc nf str-olkes A cfrnlzn

consi sts Wwﬁmggﬂﬁence of tipe é?%ﬁbed pen po§7t|ons on the:?ﬂrface
initiated| bypr@ pen-down event|and ~conpleted by t he subsequentsspen- up
event. A Strokei+s—also Lcuggc‘I wi-t+-h—the+ €G- -b-ef—the——surface—whenever
the region ID changes, i.e. just at the start of the stroke under norna
~circunstances. Advhenliisprudglednmiiol dic cormiing speat tho peatrellyr 134 obtifidetse tretna

i ndi cati veyqQfe deh 0, ARSI Rt dbbuSiihd B6En@RE 1.8/ 5Q1ure 1 ERIQABR A Ronl A Cat i ve
of the region of the surface wthin which the tag |1 es. Figure 68 is a

di agram i | PEi€® PHR; ) é‘”%%fg’?? Jﬁlstagﬁ”safhedsyétﬁﬂi‘ &@“‘aﬁ‘%&@s@iﬂﬂ@ the pey h@‘”ﬁé‘ﬁd 101.
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contlnuousl tor he force enso PS036- 56.nhhpt odji ode 144 for a
oo donn SR bP LBy BOSell SELRRTARK of e shin: R 28 1D dBAHCSFpdiE O
pen contr msttrero lieawfywnm wheotert i morghap pregen B8 ofdaedaritl thd eqrandting sgs@™. t ag dat a
from | ocatpQiptAgse {u{p&%hm%ste%ﬁléﬁﬁe thé %bE@J RenkiflGin BORr $0e RO Fhd ek Qiprand

orientation relative to the surface and apﬁgnds the position data to
t he curren?‘é??ﬁ%@mﬂﬁﬁémT?ﬂ%Fﬂﬂ??ﬁf?%@“qgﬁmﬁéPé harbatimeErs tis f8Y PEOT on such
as force, fefuited. The SubbE #lgwe GRtcbBRLOLS bygtenOs idemtfe dhich @b, aylperb apt aveht t he

pen contro . ) L0 4o . 4 t he
stroke dat éaaL‘]\g/‘liga tf]lelgglgwﬁﬁ? b%g kB hgﬁc]tngiﬁ £ %%1209 aggg?hgea%%m & e’Jf‘z‘ill%yst em
Not e that ree whighoeis #pgingused. Fer qaiiwkpleﬁ thednkicppride nib /i Hieip being versk qﬁnwém&met her
t he i tr pke%rlstaﬁ 2@ Qffer ;ﬁ&ﬁaﬁgek&ﬂa&%atparwcaadesgmmatﬁl@&@?dm;@&ow%@tﬁaaﬁel Ak nlew (3
stroke is be start mn r na ast it multiply
cyclos) | UHERBR FRUEE] i “EPeoP TR (Ube o AELR P ks aur BoB O e
processor ' goducqipmedignictdrekpapmti s actlve | f the pen is out of range of a
conputing syst emyt @.ct,ANS Hiskol Gne gel;%&tﬂoﬁertm teggr& L g, 91 L{(s@d ! chd Minck e 1het S

internal nenory. It transmits any buffered di en it 1s next
wi t hi n r an#jerlss tie rogfigsiue the grstemyar é?ﬂl PSRN Pesftien E)E/nméhfi stiplsrthsrontiplierdy is ful
t he pen ceases Hek eﬁapbﬂgeeofdieg;brt @b 1190k 1ane thdsirandg, tid s AR rbthifon OF ﬂhé)r LED
whenever the ts to wite with t le.4 lists the
conponent s¥ OHHfhe raM/ P £l R F P ?ﬁépz?%%g Lﬁgcmfﬁﬁﬂo

changed. Since the tag ﬁ'equency is sxgmﬁcantly smaller than the typical position sampling ﬁ'equency,

the tag 1D is constant for many consecutive pen 101 positions, and may be constant for the entire
stroke if the stroke is shott.

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

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

Since the region ID is constant for many consecutive strokes, the pen only records the
NP3036-SG



conputing system Figure 69 is a diagramillustrating the structure of the
raw digital ink. Digital ink which is buffered in the pen 101 when the pen
101 is working offline is stored in the sane formas digital ink which is
transmtted to the system Table 4. Raw digital ink conponents raw digital

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

ti mens64- | ast systemtinmens64- region | D-100- tinme of fsetns3249.7 days tag
| D-16- x offset20 pn5910nmy of f set 20 g5910mm x rotation (pitch)degreeS790
NPS036- SG 57 y rotation (roll)degr eeS‘7+900 z rotation (yaw) degreeS73600 z
force-8255 When the pen 101 connects to the conputing system the
controller 134 notifies the system of the pen ID, nib ID 175, current
absol ut e tiegien IV Ghendnchatidae 180aThis adrsadsUtbeerelibaT®D idipliaiby adssradd fwitbnatdripen syst em
prior to %%isiggl offline. This allows the systemto conpute any drift in the
pen's clo and timeshift any digital ink received fromthe pen 101
accordi ngly. TheSiers ub@imay jskanzestpqyeb 9 i H ebstwiegnsone peoky andthppnext] thepenift h t he
accurate r&abmiy Bkl ABKDr alsheke I¥S BT bec R R G 1h AP WSoctRE waRARME | NG
systemto identify the pen when there is nore than one pen being operated
with the c%‘ﬁ]f?ﬁti ng system Pen ID may be inportant in systens which use
the pen to ident Eél capomsnieh sitike haa en gpeshy-cbded prefvaryiised in Taliels.i nt eract with
that owner in a particular directed manner. In other enbodinents this nmay
not be required. The nib ID allows the conputing systemto identify which
ni b, styl ubabkiSoRawpstroke cqmpenengppefiyel dge nib 119, is presently being used. The
conputing systemcan vary its operation depending upon which nib is being

used. For I%é%g"gl!(e%bmiufnelgt?e Hrk—eart+dge—r-b—11S p:resﬁxbe: rg—Hsed—the—cenput i ng

raw pen position 0

unknown pen position 10

tag change 1100

end of stroke 1101

region change 11100

nib change 11101

time change 11110

A 10mm stroke of 1 second duration spans two or three tags, contains 100 positions
samples, and therefore has a size of about 5500 bits. Online continuous digital ink capture therefore
requires a maximum transmission speed of 5.5 Kbps, and offline continuous digital ink capture
requires about 40 Kbytes of buffer memory per minute. The pen’s 512KB DRAM 48 can therefore
hold over 12 minutes of continuous digital ink. Time, region and nib changes happen so infrequently
that they have a negligible effect on the required transmission speed and buffer memory. Additional
compression of pen 101 positions can reduce transmission speed and buffer memory requirements
further.

Each raw stroke is encrypted using the Triple-DES algorithm (Schneier, B, Applied
Cryptography, Second Edition, Wiley 1996, the disclosure of which is incorporated herein by cross-
reference) before being transmitted to the computing system. The pen and computing system
exchange session keys for this purpose on a regular basis. Based on a conservative estimate of 50

cycles per encrypted bit, the encryption of a one-second 3500 bit stroke consumes 0.7% of the

processor’s 45 time.
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system may defer produci ng feedback out put because i mredi ate feedback is
provi ded by the ink markings made on the surface. Wiere the stylus nib 121
i s being used, the conputing systemmy produce i medi ate feedback out put.
At the start of a stroke the pen controller 134 records the el apsed tine
since the last absolute tine notified to the system For each pen 101
position 177, in the stroke the controller 134 records the x and y offset
of the pen nib 119, 121 fromthe curregl Pt tag, the x, y and z rotation of
the pen 101, and the nib force. It only records the tag ID 178 (data
identifying tag location) if it has changed. Since the tag frequency is
significantly smaller than the typical position sanpling frequency, the
tag I D is &snst aotdrAENEMBYDIMENTSECUt i ve pen 101 positi ons, and may be
constant for the ent stroke if the.stroke i r en 101
sanples its posi ongter'éart\' F TR PO ATy e ,Smgm%ﬂfﬁl S°°1a nl(?)rﬁspl n a

st roke aremkﬂ@bﬁcﬂpﬂymgh@EankﬂnnWM@@bﬁﬂﬁaNQOHEWNBWHMGGd an epr|C|t

timestanp. |f theg PeRndOdmtbaints, &9 perp @drpm.t,lﬁae@aaﬁﬂ oF Qlihd20ml hdcOBomBerd-
because it fails to decode a ta must still record a pen 101 position

to preser VB thepopyal plage |°B@?<P%01 aXtS iR accelfopge EOsrdeovmipbigusideardn as
unknown, 1idQn gobt@wimg the conputlng systemto | ater |nterpolate t he

position from adlrﬁ‘cﬁ% ichHind accehmm’%% RS e %b%ﬁ%.ﬁét*%‘? B i‘h bidE, Of f set

of a stroke has a T range ptionally
records anmetien mthmbre&iemé to] speack peatign gy @Jl@@mgmhﬂ@atbeeﬂembe ta#veleéméqw e tinme

rel ative tQueViikichcatibid, c%ﬁ[h@xki@&anfytah BB ec@bil i 6L® raft OB PMBn hoke&. t he
regi on ID S cons

t consecutive strokes he p only records
t he NPS036 Osea‘as‘gle’r@ﬁ? ?5’%?"‘1 ‘ﬁ‘ erfage RpLTIget (186 o ‘B@@o‘ﬁwﬁt?ﬁe{'}ngl on ID
i mpli cit yeagisls@tinaigedthinitliehareh af tir ingpedlemepie s diteaiysdentBy meapxa cles@r. may change
the nib 119, 121 eesc\é\ﬁ(gﬂloﬁ) %asﬁrreé 9%@1&:%9::@13{3@1@&1’9%5%}%%@%& Qeagd ;Ql;lm ugﬁtxé Onal ly

records a nib ID a stroke 175. This becones the nib IDinplicit
aSSOC|atedmﬁﬂﬂﬁhﬂ&F€¥““@FF@W@?dea%ﬁﬁﬁﬁﬁﬁBﬁ@H¥mﬁwd%m§@¥oke has an

ent ropy- coded pr anbexthe Aartidgl SokiB6h dfMthel HakeLis Dot Khowh, BniH. rel&wp&ttfom(@uﬁpnponent
prefixes rau siioke, companentspreflx Law pen posiilong. unknown, pen
posi ti on10* &gt A Hé& OO PRSI TG 3haﬁ§§i 0,
accelerometers typically have high resolution, and the time duratton of a stroke, over which errors
accumulate, is short.
7 NETPAGE PRINTER DESCRIPTION
71 PRINTER MECHANICS

The vertically-mounted netpage wallprinter 601 is shown fully assembled in Figure 11. It
prints netpages on Letter/A4 sized media using duplexed 8%4” Memjet™ print engines 602 and 603, as
shown in Figures 12 and 12a. It uses a straight paper path with the paper 604 passing throngh the
duplexed print engines 602 and 603 which print both sides of a sheet simultaneously, in full color and
with full bleed.

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

The replaceable ink cartridge 627, shown in Figure 13 coupled with the duplexed print
engines, has bladders or chambers for storing fixative, adhesive, and cyan, magenta, yeliow, black and
infrared inks. The cartridge also contains a micro air filter in a base molding. The micro air filter
interfaces with an air pump 638 inside the printer via a hose 639. This provides filtered air to the
printheads to prevent ingress of micro particles into the Memjet™ printheads 350 which might
otherwise clog the printhead nozzles. By incorporating the air filter within the cartridge, the

operational life of the filter is effectively linked to the life of the cartridge. The ink cariridge is a fully
NP3036-5G



ni b changel1101 tinme changel1110 A 10mm stroke of 1 second duration spans
two or three tags, contains 100 positions sanples, and therefore has a

si ze of about 5500 bits. Online continuous digital ink capture therefore
requi res a maxi mumtransm ssi on speed of 5.5 Kbps, and offline continuous
digital ink capture requires about 40 Kbytes of buffer nenory per mnute.
The pen's 512KB DRAM 48 can therefore hold over 12 m nutes of conti nuous
digital ink. Time, region and nib changes happen so infrequently that they
have a negligible effect on the required transm ssion speed and buffer
menory. Additional conpression of pen 101 positions can reduce

transm ssion speed and buffer nenory requirenents further. Each raw stroke
i S encryptedcuds lﬁrgduhﬂveﬂ:'{b:ippdl@fdaﬁﬁmag gﬂg]’umbmo()&glaﬂeiscmrsheeta Appl i ed

Crypt ogr aphy, i . di e.Qf i
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conput i ng et digagly ﬂ%ﬂlpewlaamp%mnsworsyéheéw Pt enean @2 iste dhsidamexkéys f or
thi's pur pOgEme BriditREIsdmblyaPheStwo &@e%s@m%maenggsgs@ma& bdsCar€ abliRLiL o0f 50
cycl es per encrypt ed bit, the encri‘/P ption of one-second 5500 bit stroke

consunmes Q°PPOY8F- lﬂﬂﬁéeq“ﬁ%“@ccé%fbgbrﬁ"“’é‘ Be thp ﬁ‘?‘gh'i\ﬂpge(‘l?ﬁh & B4 SOrMERIPEN
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i ncl udes aﬂlwplﬁeswpsséletuhegonal accel eroneters nount ed int he nor rral pl ane

of the pen 101 aﬂ%?pggﬁts%kt%&{%% AR @ﬁ%&@pmtbﬁpoﬁw&mﬁssp&e and 10
in ghost outline rovision of the accel eroneters enables th

embodi ment Vs F’ﬂé“%éﬁ“&@i sipaighs paRerepathypythich qet fediteh & rubPeigd i eThesy SQ‘E?‘F face

| ocati on t-agsls coa{al:t@w ‘R frided heGatahOtoniimg % £ HehsSeotp intthadkcoad Mompr~ 1 at e.
Each | ocati OP 960'3D can then identify an object of interest rather than a
position ot HEOSHPf ace.  For exanple, if the object is a user interface

i nput el enent ( eReferrigg to bigmnid ab@taaohp)paptftrﬁ@rpasstﬁéfromalgtdhﬁbexe¢pmealeheSI6©tat| on

tag withinglie: a6eR tfiedBEmbi Bost r@lpeﬂem% ggﬁagseﬁs&veem owehl8 YikefMhed B8 | NPUL
el enent. The accel erati on neasured e accel eroneters in each of the x

and y dire®f i"ifp & fipraus S?HH?‘E@P%IF@CF“W‘F H“"Y"’@?ﬁel‘éi“ﬂl ke Phesls eyt PG aciipn

i nst ant anegitswhsal Digd hopatddd klgrs dsde@bly 63 BaeuhthietoSt Mdatdl isipgorpBradked @ itdf t he
strokeisn nl. eI ive |t| Wi t hi st r.ok

cal cul at ed. “é/ﬂ"%%gf:"i%ﬁrdgtos“?{? I %enmlihn ?I oal}ﬁlggz%urrﬁfmnb saCtéornr(grasgmﬁmt?he sensed
accel erah@?ﬂratﬂa@@@i"@fﬁh@?@@ﬁtypl caI | y have high resolution, and the tine

duration of a st rﬂk%lue QH&E aéé@ﬁlflj}h6ﬁrcroﬁkﬁs§9 of a partially hollow axle 679 with a rotating
coupling for the glue supply hose 641 from the ink cartridge 627. This axle 679 connects to a glue

wheel, which absorbs adhesive by capillary action through radial holes. A molded housing 682
surrounds the glue wheel, with an opening at the front. Pivoting side moldings and sprung outer doors
are attached to the metal bracket and hinge out sideways when the rest of the assembly 673 is thrust
forward. This action exposes the glue wheel through the front of the molded housing 682. Tension
springs close the assembly and effectively cap the glue wheel during periods of inactivity.

As the sheet 604 passes into the glue wheel assembly 673, adhesive is applied to one
vertical edge on the front side (apart from the first sheet of a document) as it is transported down into
the binding assembly 605.

7.2 PRINTER CONTROLLER ARCHITECTURE

The netpage printer controller consists of a controlling processor 750, a factory-installed
or field-installed network interface module 625, a radio transceiver (transceiver controller 753,
baseband circuit 754, RF circuit 755, and RF resonators and inductors 756), dual raster image
processor {(RIP) DSPs 757, duplexed print engine controllers 760a and 760b, flash memory 658, and

64MB of DRAM 657, as illustrated in Figure 14.
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accunul ate, is short. 7 NETPAGE PRI NTER DESCRI PTION 7.1 PRI NTER MECHANI CS
The vertical l y-mounted netpage wall printer 601 is shown fully assenbled in
Figure 11. It prints netpages on Letter/ A4 sized nmedia using dupl exed 8%"
MenjetT"" print engines 602 and 603, as shown in Figures 12 and 12a. It
uses a straight paper path with the paper 604 passing through the duplexed
print engi nes 602 and 603 which print both sides of a sheet sinmultaneously,
infull color and wth full bleed. Ay 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 docunent 618 which can range in thickness fromone sheet to
several hundred $h£&h&mm@hﬁxﬁ@ﬁhﬁﬂmﬁbhﬁmh&hmmammnmdgﬁmﬁaﬁzmﬂhﬁWﬂmﬁh Fi gure
13 coupl ed W%etss ne{p gnl'égbfs)s(e%%s B 5169 buttg %Eﬂols%%sq cell D?EB%Q@‘GRFI‘ s for
storing fiXa Ive, 5 7 I nfrared
i nks. The feulp msu@browes @e@%%ﬁsﬁé’/ @dmweg% cpntfomr% ’éﬁO lit pengistpefeanedividi ng. The

mcro air feltbdasice gbidiaBlubRsaSicrdhrbddssa TR &n@uﬁpp@&&d 759l cHB8mbdiBePiiher Via a

hose 639. This provides filt d air printheads to prevent ingress
of mcro paPtEpELs ﬁlfrérfqoﬁ’é”@ﬁ%ﬁ%efdﬁ@f‘ﬁg? §eads 350 which might otherw se

cl og the printhe@tk ROz DSBS rasiSyzei nﬂoafop:pfeat pag¢ dedadptiamsr tof thé tretpaged firinierts t he

cartri d9e. cohPuePREY AkhLRAn kil Sohl b LAY gl S RERGUE Ll plied to the

life of the car g he i'n Artr ge
recycl abl essyppigddiMpmipit printhead 3pGimirgal tiiegf.c. ptrqvm3p n@esemlmgw@r hy dedaed pmyes (1500

sheets) . ReEiR! dohfiflierds Prift bAME®s I shdeN\EmiltleQislyzed medi a pick-up roller
assenbly 626 pushes the top . sheet dlrectlg?fron1the media,tray past a

paper sensor on tffe™fiF g?ﬂiﬁ?%%m P8 % ePa i 6 PERTE TSR gront ffm
pri nt head mmmﬁohjyncuaﬂwmtmawwcmtp"sﬁianplthemﬂccangger%clﬁﬂmand 603 are

ted i I t ht
R

i ntegral, PékePets BY-ckvelys pafiswrion GreThisiheorisd Sinarorrman @ 51t beot e t he paper
604 : s sensed anghd y&ades(;w B DPE 71 ?]da@lgﬁﬂmaﬁﬁﬁeonﬁbﬁéﬁ {tMfscdifer gﬁhmeed

si mul t aneo tO al I the shortest | | e aper

ol L ¢ e O it e SrcH ) i gt g SaSs SERP D ART % o T comeogtl ot

spi ke mheﬁfsm@aWﬁ@mddﬁahmmgx$hﬂxmmma$@hhMpapeﬂabahhwmmwmﬁwhpdﬁlT&gainst a
rubberi z ednefw%hé 1ﬁt'érfac;r HIG@E @E’ Eslg%ara%&ﬁle ﬁet&?@ﬁrﬁﬁ‘s aﬁlg@ the %&K)l‘k PJnhéEB&‘l% §é,ll‘ face

and continue to feed the sheet secon print engine

805, ot ool Hi meper 6% fa 3esod D CHUELRBAYL ST thto
dupl exed p4ei-dmp. ﬁf&@hﬁt@ﬁg&(&&m@aﬂamﬁ%p;o%almparmAlsieg asserrbly 605. The

rin wh

P ted page pas ie\?angt? to¥vgetworﬁl ng ace modu?e? 612(56 are p?o%ldec? eac% providing a netpage
network interface 751 and optionally a local computer or network interface 752. Netpage network
Internet interfaces include POTS modems, Hybrid Fiber-Coax (HFC) cable modems, ISDN modems,

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

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

The printer controller optionally incorporates an Infrared Data Association (IrDA)
interface for receiving data “squirted” from devices such as netpage cameras. In an alternative

embodiment, the printer uses the I'DA interface for short-range communication with suitably
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670 with a fibrous support roller and another novable axle wth spike
wheel s and a nonentary action glue wheel. The novabl e axl e/ gl ue assenbly
673 is nounted to a netal support bracket and it is transported forward to
interface with the powered axle 670 via gears by action of a canshaft. A
separate notor powers this canshaft. The gl ue wheel assenbly 673 consists
of a partially hollow axle 679 with a rotating coupling for the glue
supply hose 641 fromthe ink cartridge,627. This axle 679 connects to a
gl ue wheel, which absorbs adhesive by capillary action through radi al

hol es. A nol ded housi ng 682 surrounds the glue wheel, with an opening at
the front. Pivoting side noldings and sprung outer doors are attached to

t he metal bhoaalkehe@pepehd Nge out sideways when the rest of the assenbly 673
is thrust rwa i i poses the glue wheel through the front of
t he nDIdedl%gusih%hgégh§ 2§é?gﬂ“ﬁ§prings cl ose the assenbly and effectively
cap the gl ue whe®hbcedbpmargprpesspioli8 hefredervelcanil vérifigd thdocihent’sbrgetay@B4npasses
into the %a?@ob%@ﬁﬂmz@%%ﬁﬂ?&p&‘im@ﬁﬁhsof%\ﬂ&f‘o%'tﬁé‘i‘)sbﬁsapI0| ied to one vertical edge
on the front side (apart fromthe first sheet of a document) as it is
transported downTPnP?Fs Tohestizh GroR gees<esmpiioy aghiymprpss shepptqiredRagsORTROLLER
ARCHI TECT URe mhhigrdd@bdp ages qach ddinpress@iiage ihde @f m@dns TistsEnplbt vay @antbalhdct Ng
processor 750 actory-i alled or fieldsi al l ed networ.k interface
odul o 6osigpts Befsd™ 2Kk BSE BLLEE » il b ik DS Nt FlRELUBI BT 0
circuit 75 atRREnciumbeyiof rag&Bed raged cRHN gensiah by wars! immendm dbie sttesy ®h6¥ads dual
raster i mMageotedhRGRGIAP ufiiZhidh whRatefiadg shott@®lcgxgd. print engine controllers
760a and 760b, flash memory 658, and _64MB of DRAM 657, as illustrated in
Figure 14. NPSO3&SEAE1T°FHE T HAPIES FIFRIHFORECEEt C REAUPESIHiIIHFEA | on

wi th t he nigimapivkictli®losstesiyotpreds@icaheglighle Gleasdwhitif@agparidens cahplessespses t he
hel p butto&mg;7, controls the user interface LEDs 613-616, and feeds and
synchroni zes"the RE? DSP s 757 and print engine controllers 760. It

consi sts of a nedhunbapeifdmisnricee god pade-cpritipprrededric@ies ed elesdaiity ofhe
control | i NngoRKRGRSSAN FAh thg CRII MicGRALED, Wk 1B, dhd ContrflMits) neMGREcof@ALE Ol | er'S
760 via a high-speed rial bus 659. Tge Rl P DSPﬁ rasterize and conpress
page descriptfoh “?TF@?%?EHEYTEﬁﬁ? FREL Pty conRIEF 8 XS age format. Each
print engi ne confThohlieprogxjpadspassel abletodadkrdgepimags & hadelekatagiesentioe | t S
associ at ed.Meile t7sd a8 btk 620 3RQudr6b SBles e Wimfress&r padl i1A¥ES ROQRIES Pper
m nute). The dupl exed print ~engine controllers print both sides of a sheet
si mul t aneoUEMy: avfflarAsRags exprupiph ang pElipgPipelpR PasP PRpsiPbed PERE Pairglinthe paper
transport iedseTRinipfikal thi¥ore ASAGHS 1 1AMBCIONvEIIBIVEHIR gt fhafd iR me&y.er QA chi p
665 and thﬁﬁhnk ﬁ?@%ﬁﬁé&&hé%ﬁghEQ 76 1. The printer controller's flash

menory 658 N0l ds e Ware 8t both the processor 750
The page expansion and printing pipeline of the print engine controller 760 consists of a

high speed IEEE 1394 serial interface 659, a standard JPEG decoder 763, a standard Group 4 Fax
decoder 764, a custom halftoner/compositor wmit 765, a custom fag encoder 766, a line
loader/formatter unit 767, and a custom interface 768 to the Memjet™ printhead 350.

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

The first stage of the pipeline expands (at 763) the JPEG-compressed contone CMYK
layer, expands (at 764) the Group 4 Fax-compressed bi-level black layer, and renders (at 766) the bi-
level netpage tag laver according to the tag format defined in section 1.2, all in parallel. The second
stage dithers (at 765) the contone CMYK layer and composites (at 765) the bi-level black layer over
the resulting bi-level CMYK layer. The resultant bi-level CMYK+IR dot data is buffered and

formatted (at 767) for printing on the Memjet™ printhead 350 via a set of line buffers. Most of these
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and the DSPs 757, as well as configuration data. This is copied to main
menory 657 at boot tine. The processor 750, DSPs 757, and digital
transcei ver conmponents (transceiver controller 753 and baseband circuit
754) are integrated in a single controller ASIC 656. Anal og RF conponents
(RF circuit 755 and RF resonators and inductors 756) are provided in a
separate RF chip 762. The network interface nodule 625 is separate, since
net page printers allow the network congection to be factory-selected or
field-selected. Flash nenory 658 and the 2x256Mit (64MB) DRAM 657 is al so
of f-chip. The print engine controllers 760 are provided in separate ASICs.
A variety of network interface nodul es 625 are provi ded, each providing a
net page nigte\heffds irnstaed acte ofschipdFhM (e Hmbbthey pantd e sik cleorp wl Birleverdonet wor k
interface ) h r e POTS nodens,
Hybrid Fi b%‘?a-%‘(‘iﬁ}ggﬁg?‘%%%ﬂg il %[“ﬁ‘“ﬁ%g%h%‘g@{"%ﬁsm p J’égolems satellite
transcei vers, cuWh@nﬁeV%tﬁdmﬁb%EmgéWPlém [} a@e‘FSFQJiﬂalrmsPleIS%wénreathﬁWS‘tei vers,
and wirclgs ae&alme} Elrdled Via talsRRASIARE VWRE Signal- 9®abnll, biSiha&es. dac! ude
IEEE 1284 %@ ort 1 as -T and 100Base: T ;hernet B and USB
| EEE ?eé as“““ &eR}’é GRS ‘ifé“"rﬂ?ﬁaé Opaio s shar
|nterfaces. | f aﬁhdmhe&gmimmmﬂhﬂbﬂn@ﬂmmskama«habkammmnﬁh&ykbmahmnﬁimork,
then the | rk
i nterface. ﬁ% rad&%B%%g%@%Q%%%§§y§%ﬂmE% ?%%?%g%?ﬁlth Qﬁg a?%%?@d 900MHz
band nor et gongeltieg thapierpepmelpE 885 6461 ephones, or alternatlvely in the
unli censed 2. 4GHE thé BEUSidnbf the GéuRpd prinkes, BNEho PR Sigihes eédh%ts bamglier and uses

frequency hoppin | i si det tlon provi de |nt enc ree
Commint oot e Pt ool ofe G e AR PepEe PR ST ALt ar o
Dat a Assocdratln tha 1771 veiSidhs of rthqtnapafgacmtdr,cthe e peit wigings chali printssig tlueutetr eett’és fer om

devices s Uﬁﬂut@%o&%eosﬂ&?dm%ﬁﬁ 8Bthe pade BR12LEL DRl ME of BARAYI BRI LAG Printer
uses the IrDA interface fo short-range conmuni cation wth suitably

NPS036- SG #2 Welb iithigy lﬁheefmﬁﬁfé{gpﬁ&g@mgeqféhe Memjet]" mdrERRM AT iOfe ANDUPRSET| NG Once
the main pﬁ&ﬁ&ﬁﬁ@Hz750 has received and verified the docunent's page

| ayout s agg pag ts, it runs the appropriate RIP software on the DSPs
757. The Ps ? #52e each page description and conpress the
rasterizedﬁpage FNH@HNG The main processor stores each conpressed page

image in negpry. PiEﬂQrédrfEBL?ééTNVﬁ%tto | oad-bal ance nultiple DSPs is to |et

each DSP rasterize separate e, The DSPs can al ways be kept busy since
an arbitrary nunbetrdspio spppert @inglpsbipkpiigeastiop fth a fapeed egien ¥ 2 sepwnedievteede i n
menory. Tmeﬁsm‘gtdéﬁieaﬁlyt b0 By tols@Al Rast &R RBE AP Al If¥d ROREW RIStk vitkede Zthé ON When

:: ::: g:: : ;Ieg‘%f on of cgr”:attw t?o%ﬁrgz?nxtégiolpa%ltlxon%crglge_rfaélg%{dO eter or}ther%ield Pgeew cg‘ Sf:%énls gt lon are
device is therefore a function of the size and spacing of the tags 4.

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

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

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

When no overlap is desired in the horizontal direction between successive lines of tags
500, for example to make tag rendering easier, the tags must be moved apart by a minimum amount

given by EQ 3. For a 256-dot diameter tag, u is therefore 40 dots (~0.6 mm at 1600 dpi). Since this

exceeds the quiet area required for the tag, the quiet area can be ignored if tag lines are rendered to
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bitmap which is |osslessly conpressed to negligible size and which forns
part of the conpressed page image. The infrared (IR) layer of the printed
page contains coded netpage tags at a density of about six per inch. Each
tag encodes the page ID, tag ID, and control bits, and the data content of
each tag is generated during rasterization and stored in the conpressed
page i mage. The nmai n processor 750 passes back-to-back page inages to the
dupl exed print engine controllers 76Q, Each print engine controller 760
stores the conpressed page image in its local nenory, and starts the page
expansi on and printing pipeline. Page expansion and printing is pipelined
because it is inpractical to store an entire 114MB bi -l evel CWK+lI R page
i mage in memowstap. 7. 2.2 PRINT ENG NE CONTROLLER The page expansion and
printing pipelin i [ t C hi gh
speed | EEE 1394 gg’?‘l{ éqluy%njt?[élrlﬁﬁac%o%ggf + %9%2‘3%)3&% mg %3 gd){egghllg }°§e @ég&
st andar d GfﬂuﬁmnﬁF@Qdmhéédﬂ%?wﬁ%ﬁ09éﬂ@@ston1halftoner/conp05|tor unit 765,
a custon1tagzencsgﬁ&uﬁﬁﬁuﬁ@ehh@¢mn§oader/fornatter unit 767, and a custom
interface 768 to . the pLi nt 350, The print en |ne controller
360 operates in é‘ﬁﬁﬁb?%hﬁ%??ﬁ ﬁﬁ § Dasinpr pegerging analigest fegular frigaeplar it o
DRAM 769 wMagmhesﬁﬁghASﬂmbdeBMﬂmm mﬂﬂ@n&aﬁshﬁﬁsm1nﬁgmpﬁamsommh$dbﬁaded
age is re ntroller
pag Afdaty zc{ ﬂ%%hﬁa&ﬁ%g&q %&Q‘%ﬁ’s b i gagsmumw%%&%og

pi peline. Once the page e page | ust ed is
print ed \Ah?”’f‘béivaﬁfdt’ﬂrfégesﬁ%{’g@ewaIf‘G‘é’dDéHl”‘WFéS?ﬁ?r st stage of the pipeline
expands (at 763) Tb heiedPECTGEParEssS e IME@MzEIWiﬁscnbeaMﬁfamar@xmslsm& at 764)

the G 4 [Fa d k

bi - evel AELBAHE TRy T Ay B a PR R ThE Pl PO et T HOAH sect i on
1.2, all iwbtp'awall trighgles T eviedie the ridsired ticig envahbdr hdriganglas. 17 6%h ddfee 500t bne CMYK
| ayer and EARASH 1 O ick o8Nt W) b <oPleACK o fing B Lage APk P Ul L1 O

bi -1 evel CWK | ayer e resultant bi-Ievel fered
and f or meltafred cqriesporge) pofisraloge payt v gdierantiess NEPHW Y lige Pmlhbtadhe%@r via a
set of |i n@arblbdiRed cdd¥Dt 1iads sbesa mddRS08GheSariles of tﬁbeddaw‘dfeq.ﬁa&s@aan@t ored in

t he off- Chbﬁm&ﬁﬁwkmwhgaé'ne%nFI%%F RLLPtS tpe S|ﬁ§§hanne sgg{%g f)tﬁlevel dot

data (includring FPKEETVE prl f nt head

i nterface FG8edihens, s@0é rahglesri ait Oéﬁlgreﬂ:@mgd)@vf ¥ Olvértiges, fiv6biagnler fusedeet n

uni SOn, S UgBuoftSe dd b vl Eilocs ORI AHER OB and &s&xang‘h% RWGRLAL gefl Vi a a
shared line sync signa Onl'y one print engl ne sel ected via the
ext er nal n%fstl“’efelnélfnag/é“fﬁeh T?? prelygenigngltiseices a2 (alryedy §g pe thejsplisesh WiikoboNt 0 t he
shar ed | i n@maidikEveRicksie i:R1AG thd €phe:@ MabiOdrbaRk vérRR isQRMdrdt Btitradlly bR¥ct8 PRSP OCessor
772 for synge hrong n 11§gage expansi on and rendering pipeline,
conflgurlng‘?%g'p?lng%%hg O via a | owspeed serial bus 773, and

control li ng t he gtsg@peqpprngmgqtdsby&?@gulaﬁ P@yhedron in this way is referred to as a geodesic,

and the parameter v is referred to as the frequency of the geodesic. Figure 54 shows an icosahedral
geodesic 534 with v=3, i.e. with 180 faces 528.

The closer a subdivision triangle is to the center of a face of the icosahedron 526, the
further it is from the surface of the sphere, and hence the larger it is when projected onio the sphere.
To minimise variation in the size of projected subdivision triangles, subdivison vertices can
systematically be displaced prior to projection (Tegmark, M., “An Icosahedron-Based Method for
Pixelizing the Celestial Sphere”, ApJ Letters, 470, L81, October 14, 1996). If v = 1 then no vertices
are created and the angle subtended by a triangular face at a vertex remains 60°, As v increases,
however, the surface defined by the five triangular faces surrounding each original vertex becomes
increasingly flat, and the vertex angle of each triangular face converges on 72° (i.e. 360° / 5). This
defines the worst case for a fag tiling of a sphere. In a 72° isosceles triangle the base length is 1.18
times the length of the two sides. The maximum tag spacing s for the purposes of calculating the

sensor field of view is therefore close to 1.18% With a tag diameter of 256 dots and a quiet area of 16
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In the 8 /z" versions of the netpage printer, the two print engines each
prints 30 Letter pages per mnute along the | ong dinension of the page
(11"), giving a line rate of 8.8 kHz at 1600 dpi. In the 12" versions of
the netpage printer, the two print engines each prints 45 Letter pages per
m nute al ong the short dinension of the page (8%"), giving a line rate of
10.2 kHz. These line rates are well within the operating frequency of the
Menj et' M printhead, which in the curregt design exceeds 30 kHz. 8 NETPAGE
TAGS 8.1 TAGTILING 8.1.1 Planar Surface Tag Tiling In order to support
"single-click” interaction with a tagged region via a sensing device, the
sensing device nust be able to see at |east one entire tag 4 inits field
of vi ew nodamat.¢ en effdfvivegag diarhdne & of @TH & (64.3 atm)\wh &t th@efore 64 RddtsofR10.2 ming

posi tioned,, J&lﬁgftB%E‘éi_ red dianeter of the field of view of the sensing
device is therefore a function of the size and spacing of the tags 4. In

t he case where tAbe tngly siteafrd by sack jedes 9f afy icosghgdran tshet gguterpf Bp srqupprripiag 4
descri bed add ik gikentlylt®s m ni num di ameter m of the sensor field of viewis
obt ai ned when the tags 500, of dianeter_k, are tiled aqn an equil ateral
Uriangul ar gri d, T BREE A AP o8B oLt GRFIHESTH B A7 SHiFLe P

achi eved wiatkter bireinalenimss unttins e elktn@inber af}ags p aghired td @vdr e sgharai ghsn i) t ag
dianeter k., Wth a tag dianmeter k of 256 dots (-4 nmmat 1600 dpi), mis

t herefore %52 dots (--8.8 nm. Wth a quiet area of 16 dots, i.e. an
effective tag di Hereteeen kofsdippedhy®Q T ---4.3 mm), mincreases to 587 dots

(-9.3 mm. Wien ihas kAigs wh'QausPihe tedf 41 cHiBR0S vneR Rhlisng MRIpR r&idn at

| east as | ar eotgs F tl&ﬁ(n %ge m i mm ield of viewis %ln\éen by EQ 2. Wen
no over | ap®f& HEEPIEH 1 1F RE DT 2R &P e { SOR B W8 s uccessi ve | i nes
of tags 500, f oA tyiaigddbehdse radink of lbAgmy evpgecied grc Bagh afi~171dnefib Apsentyst be
noved apar b 0L e ] . -dot dianeter tag,
uis there%gcgita%o‘ﬂgg%grsﬁyl?ﬂ? %@B%Spgghé{%%}dleﬁﬁgs‘%é?ér?g{eagﬁ%gﬁﬁ exceeds the quiet
area requi$-&d f ofirhitary CagredSygfagr Tag TiliR®a can be ignored if tag lines are
rendered to NPSA3BmBEnlech AR bpp¥BRlale AR b diighrStopogléplly ad ioPoléz@wih@it ves EQ

doi ) and gL of Sy SubhTS! GRalon iherbisst Bl i ng A
regul ar i cosatedf hasufsceeid arradeddaissining thyasisignct offa tippple meshiforg paticulal nost
regul ar trangul fectifelnba-REuRhilifk FPRELE be AodufAUl Rhg 4sCRE HEIEARe rSHEH as
i cosahedron 526 in Figure 53, iI's conposed of _ o
a minimum vertex angle and a minimum edge length. A tiling is considered effective with respect to a
particular sensing device if the field of view of the sensing device is guaranteed to include at least one
complete tag at any position of the sensing device on the surface.
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 ancther tag 4c between them, i.e. EQ 8.
However, if the vertex angle between two edges of length s + = is less than 60°, then the
inserted tags will overlap.
To prevent inserted tags from overlapping, a minimum tag separation ¢ is introduced,
where ¢ 2 k, The minimum vertex angle o then becomes a function of k and ¢, as shown in EQ 9.
Clearly, when ¢ = k, B is constrained to be 60°, ie. the mesh is constrained to be
equilateral. But as illustrated in Figure 56, when ¢ > &, 3 can be less than 60° without inserted tags
overlapping.

The maximum tag separation s must be based on the new minimum tag separation ¢, in
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twenty equal -si zed equilateral triangular faces 528 sharing thirty edges
530 and twelve vertices 532, wth five of the edges 530 neeting at each of
the vertices 532. To achieve the required tiling, the icosahedron 526 is
inscribed in a target sphere, and each triangle 528 of the icosahedron 526
i s subdivided into an equal nunber of equal -sized equilateral subdivision
triangles to yield the desired total nunber of triangles. If each edge 530
of the icosahedron is divided into v gqual intervals, defining a set of
v-1 points along each edge, and each pair of correspondlng poi nts al ong
any two adj acent edges is joined by a line parallel to the other shared
adj acent edge, the lines so drawn intersect at the vertices of the desired
equal - si zegdcadutice ved) IIQ| 14t eral subdi vision triangles, resulting in the
creation of v2 tﬁhgp i I i ron 526,
or 20v2 triangles | nggﬁ??%n gd‘pa lﬁulg;ﬁgésﬁu Fle%e({(?e ur tv“}éIr1t§ %Séa%fgégl ve

t ri angul arB¥ mewnziegthe mpgimugistiexehele koo bmﬂavémdrq balfed 50 étrepn peshowafthat he

i cosahedr OphepR6h 2 AQH trihgfe fab hARGUR apk ACERar B ShuaPl stubfen%%«a@la ren@iinidg Mo
remai ning vertices. The twel ve OI‘I%I nal vertices 532 a ie on the

sphere, whidee afefss hyndsifilsnethgn pragtics Qe@inimug verrXjapgle i H@caé‘psﬁé“ra%“kach created
vertex is therefaf @ic GRNEcEALS Fighk0§7 ab @eheOB Dtrfiz@® 546 RRREEs inJbngihNG thdre

desired t||| r 0X ted by a regular polyhedron in this way
is referreg gfg\eg%geés&hea%g !’fﬂg the parameter v is referred to as the

frequency of thelrgté@wgsnﬁ @xrenaﬁpgﬁlguee Biowhdeesi 43 pf 4 WogkI6Heateds geddaskise 534
W th v=3, ¢85 1s%s%ﬂfbd%§9e &%ﬁﬁo%dgegagto(a&%ﬁ&é th@taé;'&%(gfﬂ{é éhr@f& skgiangle is to

the center of a face of the icosahedron urt her is fromthe
surface of the sPH&Erd grgihErre SPree réryRf: 30 Of%mﬂﬂ%@r?%?xﬁ‘j’eééf”elﬁlg@nto t he

sphere. Tnagmsm B62S#e Wnsditbdit] RNmidpbirt RE eash 2Lthe fwol1b:@]) @gds S6k4, S5 aHdhiS iy

{11 a0 €5, BB 0 QB0 NELLLESR 50 % Y SRR SR, Ko PRl ARl O 10
Cel esti al tSpW@'Fl@B S64ppEP of dltet shors edgel 76, OfIEIE omgm@laegi@ﬁﬁlfqrm a©@epid. Mfithgr = 1 t hen
No verti Cegagom ef &6 %Heﬁ:&h &Bddd he 18128! RenSURLEALETH L Ynsdtel hi AOSMIALr hace at a
vertex renains A)g creases, _however, the surface defined by the
five tri ant{fft‘ifzﬁ’rdt‘?‘%%‘ tegﬁ %ﬂ‘ﬁfgfhﬁ lapeleh o | gi nal vertex becomes

i ncreasi ngl y fl aln th‘aﬂadthtsbmanoe{r&mx&aragth&e@dgezeﬂchfi tinghgi} edeecl addergthnver ges
on 72 (1. € 3l e e Thiched AINES ] NeaAQBAL>7E ARG BL: R8RS 14 0O OF 2

sphere. I soscel es triang ase length is tines the
| engt h of iP#ed knedecs Pfedhe Tagie peeridrm i hageapiey mplied 1 gich phige ﬁﬂrrrp%@s of

cal cul at i ngadglee 5775 815 a9 ﬁﬂdeisd neste Waite h&v hRN&Tap&1t Gk 0SAmb® vdret 8kate Wt h a
tag di aneter of 2 UI et % ?%59 16 NPS036-SG 65 dots, i.e. an

ot s
effective lfeﬁé‘se&}i"eﬁa@?g’?sﬂ?‘e apeﬁf‘ qope! ., mis therefore 643 dots
(-10.2 mm  accofl imgilippvaidIe are Fimenagirrgli€lsbledt ended by each edge of an

i cosahedr opyd 4. tHG tififfNflapRE the circumscribing sphere is given by EQ5

variable Meaning
B minimum vertex angle
k tag diameter
m minimum diameter of sensor field of view on surface
s maximum center-to-center tag spacing
t minimum center-to-center tag spacing

8.2 TAG SENSING
8.21 Pen Orientation

To allow a pen-like sensing device to be used as a comfortable writing instrument, a range
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For a sphere of radius r the are length of each centrally projected edge is
ré6. Gven atag dianmeter of Kin the sane units as r, the nunber of tags n
required to cover the sphere is given by EQ6. For a given n, r is limted
by EQ7. If nis limted to 216, to allow the use of a 16-bit tag ID
wi thout requiring nmultiple regions to cover the sphere, and Kis taken to
be 4.3 nmas above, thenr is limted to -310 nun. A typical globe has a
radius of 160 mm Its projected are lgpgth of -177 nun fits 41 evenly
spaced tags with negligible additional spacing. Such a gl obe uses 16812
tags in total. 8.1.3 Arbitrary Curved Surface Tag Tiling A triangle nesh
can approximte a surface of arbitrary topography and topol ogy w thout
i nt roduci ngf e SE@Rtidne urubti be Supedrted] Sigds| taer peh inédSis coristtdned ebel i6 cadtacs @il e Of t he
mesh bei ng t h e n_error
bound. Assghu%cg tﬁéﬁg ex?gs)?tgen]!(’:eg%%fbe CEMC%QEGHF&II%%J(Z Ota% 13 p%gl} Xq%@ Esurface
an effectiil (Mdﬂ‘ﬁ‘?%bﬂf He nep| dsnigusstied Qg%lg‘ﬁaﬁl b&hiley @eae‘éd»fa%e pengshide each
rrelsh tri anﬂic&sﬁ%ﬁ@@ﬁé Is?s?@bagtorbbmm M@ﬁtcﬁ&d&?&{f@m@é}ﬂis %el{ﬂsﬂie{ﬁ%lﬁfﬂgethé engt h. A
tiling is considered effective w pec 0 a particular sensing device
if the fi e?eﬂreS'fm‘{?lﬁ@Wﬂl?f“‘?‘ﬂ‘?“%’b‘ﬁ?i“&i‘d“‘%’@@l ce is guaranteed to include at
| east one conpl &we it @gveationalyyappd iaftdr @itchofuch khet, e asinply, ek @ dn pehe
sur f ace. Tmcsmlnadeﬁaémgu &t%%r&sﬁaﬂa}{ s A8k oRediifhn B o Lgﬂ&[rbe YEigx of the
mesh, so the m ni-mum e sane as ter k. The
tiling proe® émﬁﬁ%é@d@wwnuﬂﬁg@%ﬁﬁ@r&wgte%t)ffthﬁéﬂs qﬁﬂ&@s@mdt@fpemy edge
whose | engmgm&agm@(MhmmMgm&gm[@tlg tfAefSre coiirainbd uaRbs/iRtpRElis hdld Fi gur e4
ent tags 4a

9, the maxi cing .s.is.calculated so that .if
and 4b ar e)ilggg?’% 4 C%spé}sc & 3 PRy s ﬂheéeﬁor? ?P@ﬁeé' l’legarer%tgfh"‘b(’d’?ngatﬁ é?wt ag 4c
bet ween t henge tq b.eepecﬁey @.rot{rﬂmméwemrehtfve tolte swéct ebile fevginepibetndedirotswot. edges of

length s + a is bgaSnd Bﬁ@re@gnveﬁug&ﬁy Helﬁﬁed a’s?%ﬁ*f 1 BfudR IS pdMitely. AY%EEEAR. TO
prevent inserted tags from over m . ni mum tag separation t is

i nt r oduceddefinsgaes é“dty rofatfons, W"W% h?ﬁﬁﬁe\ﬁw 18 Sefigprhyith raspich*@ heFePragaty
function Osfystbin afntle furfacSwishRouhy bxds 1E€Be Qaturalﬁb@ﬂzliduw axwhed the x-ax1k is th dafiral

;gnﬂ { 3"8??% t éf(;axpsew 60\9118\?reedeng élturs]eer ﬂ'e r%gh >ha.&c%ccl) ?étccl;cg‘ﬁm edsy]kt)te(:)m b onvlg%t ea[lal BUt
inserted tdaed a@?@rﬂvawbqnwgtwbﬁhfesembele (piteh angh pjave wp sgmatniionally M@@ abeoSbIas ed on

t he new ni picAuRRE }ﬁﬁaﬁfﬁlb@&etdeﬁde@as%’sﬁ%@neﬁﬁl&@cmsfeor dance with EQ 10.
When considering_a particul ar mesh tr %Fé there are four distinct tag

i nsertion scenari B%PGHSBVragé‘gtﬁ%lsrfﬁla‘FWQtﬁsP (hiepd ool (Wit eegordanen WHEQ o | ess

than 30 (i1ie. half of 60), it can be shown that
The pen’s tilt affects the scale at which surface features are imaged at different points in

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

The field of view can be modeled as a cone defined by a solid half-angle o (giving an
angular field of view of 2a), and an apex height of D above the surface when the optical axis is
vertical. Although the image sensor is typically rectangular, only the largest elliptical subarea of the
image sensor is relevant to guaranteeing that a sufficiently large part of the surface is imaged, as
quantified earlier.

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

Figure 62 illustrates the geometric relationship, for a given pitch-related tilt 0 of the pen’s

optical axis, between the pen’s nib (point A), the pen’s optical axis (CE), and the field of view
NP3036-SG



whenever a nesh triangle has at | east one edge less than or equal to s in
| ength, the remaining two edges are less than 2s in length. In practice
the m ninumvertex angle is typically at least 45. In the first scenario
(Figure 57) no edges of a triangle 546 exceed s in length, so the tagging
of the triangle is already conplete. In the second scenario (Figure 58) one
edge 548 of a triangle 550 exceeds s in length. A tag 552 is inserted at
the mdpoint of the edge 548 to conpl ege the tagging of the triangle 550.
In the third scenario (Figure 59) two edges 554, 556 of a triangle 558
exceed s in length. Tags 560, 562 are inserted at the m dpoint of each of
the two | ong edges 554, 556 and this may conplete the tagging of the
triangl e 56i8dowGEMH). €S tibfis deffedttvvde tikatké pditivagem 6 Qertib 2rhk egatidaewhidh t h t he
two verti Cﬁ)ﬁowSaGA'yt%%Q of..Lhe short.edge 568 of the original triangle 558
forma trapezmpal. 1Y ertner gﬁagonal of the trapezoid exceeds s in |length
then a final tag"Y8@0thémnismeeilted the indovhdiangem tier | BSY ) fslgiwen HyBQz0i d t 0

conpl ete the tagg g, ok ¥ B ETEN K e A e 60) -
all three edges %I’?\glgjo g&{]rg?éé%ela’gg%%mg%(yeﬁ %9% b %l@%.ﬁld&p( QF'A%[”

A £ ! € | qéﬁzn_gt_ A tagged vertex
574 is i nséfitey thedistapre Sifion gsinitito B¢ cenigieds the gipdovs (e ) ip pigentbli E@d3new verti ces

574 are joined QLRI R ifed e dLALIRILRE B Sntl 18 tleNGRct GEMY 8L Vel y
applied to each of the four l:(&jultant triangles 577, 578, 579 and 580.

Not e that ¢oHed fésd edueedier 66 pere BYRQ Mi ni num vertex angle because they

have the same shapsyids of hbwilo i N b isinaRgh& 9 Ed15The tag tiling variables
are summarized in Table 4. Table 4. Taq tiling variabl es vari abl eMeani ng
pmi ni mum vertex Engfe BESGe dhosretoetatAl FHTMHRITH ettt e Bregout e g of

Vi ew on sWwip@mes dirangk. MhiteqeRl finidudr demteet: of dgarsdagivd Gy EQi4Nwilld he width

cent er - £ 0- Go0L ol 1A%k SRAGNG ¥ I ENGE NG § 2 L Pen Qi entation To
al l ow a pen-1ike sensing device 10 be used as-a confortabl e writing
i nstrunment, a rafge MNPSOS E6<IBBincdf angapeeorisatatuiongushbsthotse ss thapbe t ed.

Si nce the iﬁﬁ&d @éep is ia&q&@ﬂﬁs% écﬂ?&i m%ghehﬁaxirﬂﬁm%@ﬁ:éﬁué%ﬁ ip sa%ngﬁd at3ed Ngr@i?s? , the

orientation of the pen can be characterized by the yaw (z rotation), pitch
(x rotati oR¥ SH#Troll (y rotation) of the pen, as illustrated in Figure
61. While the yawhed irhdal, pensciltisf tHo esurfitt GlediGbes avififkreabibiy Histardce @s@n@bl e t o

constrain \;iebv%ogé &nﬁ thﬁ qgre%s%lgl inc?‘lLati%l;1 %lagxeento Se v\{\ee“!irlg r ys. B%ttﬂq‘ac%\{seﬂagé rlnaJEinlmlmg of the
effect at point F for positive tilt and point H for negative tilt, i.e. at the point in the window furthest
from the viewpoint, Note that references to F in the following discussion apply to H when the tilt is
negative.

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

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

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

‘When there is no object plane tilt (i.e. 6 = 0), this reduces to EQ 20.

The image sensor is, by definition, required to image at least the entire angular field of
view. Since the pixel density of the image sensor is uniform, it must image the entire field of view at
maximum frequency. Given an angular field of view in image space of 2a’, an image sensor tilt (i.e.
image plane tilt) with respect to the optical axis of 8, and a sampling rate of n (where » > 2 according
to Nyquist’s theorem), the minimurn image sensor resolution ¢ is given by EQ 21 and EQ 22.

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

When there is no image plane tilt {ie. 8" = 0), and the image space and object space
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pen resulting fromthe conbination of pitch and roll. Yaw is conventionally
applied after pitch, such that, for exanple, in the case of a pen device
it would define a tw st about the physical axis rather than a direction in
the surface plane. In a pen with a marking nib, however, the image sensor
is nounted off the axis of the pen and the pen's inage sensing ability
(and hence its yaw sensing ability) is therefore constrained unless the pen
is held alnost vertically, as discussgd below. Yaw is therefore applied
before pitch, allowing the full yaw range to be specified by rotating the
pen relative to the surface while keeping pitch and roll constant. Pitch
and roll are conventionally defined as y and x rotations, respectively.
Her e t hey apdar fidled ifnied a@squel (@0 d’ yo), disaddv@n® EQBIpEEQ RAel y, because they are
defined with respect. to. the.x-y coordin . Syst of surface, where
the y axis is thgﬁ'ﬁna fff?%fm?béeﬁt|anﬁg?{%'5‘leﬁgéﬁl§“%&r(\‘%ﬂs eerioéi?ss is the natural
| at eral axis wheiWhm doehebplam tilised the bijecapledegifttarchegmdl 66. BB 03.c0d de hage sSyst em
roll is co j I i it wh icl ockwi.se, while pitch
and yaw ar Xc%%dvogﬁgiﬁ%%%?g@irggﬁ goﬁg%wglg %Jb‘%is(}/'%Pvegfﬁﬁg%mc?cgsgﬁ\;\n%ﬁ'. Here all
rotations are deMeaisbige B e platevidt tohe wbigrirlaed Weteetkioe vielh e spadiat sauyedr al |
tilt (0) iiﬁlageeie&oﬁﬁtzet Parl twienPthd Glhgl donsANt & _hﬁecf 8l dero{ WA4 éliﬂ]ixﬁ@QQér%@_ with EQ
11. The pe(ﬁ' S'tltjw%ngﬁffe(:tci' t he scl?]l e at which %grface features are imged
at differ et Pd G HPEHERES YRI5 AT BT UHY P HRTET G Frtloponihe
r esol ut i onpraticd ind akemagdresmpagodepthSifiedde it is inpractical to sense the area
directly under t .l ns;tilt also.affects th i,stance from
the nib to the clgﬁ'? gir]lug“ an%e%%Q er?glguelfjmg%meng}?lp’ NSl goﬁ 5%%%1 urlrtligs(g ﬂg’éj “khown to
al | ow a pretsas exinibpveraghe peoi nitoppiat Ye thievrerls oticd rexis KEB)padi thd fisld dfetier ni ned
fromthe tagiowdFid). Zhd 1BYRRANRLDS bd BScklisepHitiod frotl BWWHRA. Wen FPdel R, as a
soli.d hal f-an I.ng an r field of view of

cone defi ng% b % ] }%I e a (%I VI, ). angul a , .

2(1), and ARCReRe MetehE ction by cuapiolinhord e FRUA- R b e dpmas i < i s
vertical . HrdehbeghotiiRecritaratyte Giedsale. | AC I)\iqreoaithey thies tangidyaQ 130nl y t he

| argest elliptic ar he i.mag ensor is rel.evant to guaranteeing
that a suffici entﬁ}rypq a?%@gdpgf;t’t t%%fm a%nﬁtg%s%rtﬁ%gg rianfeilsnﬁng”gﬂ”@,sgag ch&’ﬂ%ﬁ”t? fied
earlier. ThHemmreedigetitom aopaximym (pasitiva) tily phichi haye thornme inagehertsdraeqgimnicatc e
defines ansi@b| ibifikieAluckd NE QW sihce fsRRreSdlinPRE neadilte S1t Wall B9 PhsiiSe G bEM ar when
the optical axis is vertical. Figure 62 illustrates the geonetric

rel at i onsHPB® ™#5iudg ﬂ&i%ﬁ’“’ﬁih’f‘scarf?’rgagr&‘f’@&“‘{eiﬂf“fl thg mgpimp Ob@ﬂ‘“’él“ceﬂ)b]f Peal axis,
bet ween t Hevqlrrage magoitgdpoi nt A), the pen's optical axis (CE), and the field
of view NP8036- AW ' ' ef i 0.,be cl| ockw se
positive fromt hg%eg%b%%ﬁ?ﬂ%%ash%}%%\dg lﬂ%/\e/rt\%g%hage %{Eﬁ%ﬁgsa“bhbcﬁfmtooc ot h
positive £448 bﬁ%galtth%hatquxfupjmmn diameter of 8 dots. This gives a maximum feature frequency fof

about 7.9 per mm at 1600 dpi.

As calculated according to EQ 4 above, an equilateral triangular tiling of 256-dot diameter
tags with no overlap between successive lines of tags requires a minimum field of view window
diameter on the surface of 598 dots, or about 9.5 mm at 1600 dpi.

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

The highly compact (1.5 mm®) Matsushita CCD image sensor (Matsushita Electronic
Corporation, and is described in a paper by Itakura, K T Nobusada, N Okusenya, R Nagayoshi, and M
Ozaki, “A Imm 50k-Pixel IT CCD Image Sensor for Miniature Camera System”, IEEE Transactions
on Electronic Devices, Volt 47, number 1, January 2000) is suitable for use in a compact device such

as a pen. It has an available resolution of 215x215 pixels. Assuming equal image and object space
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When the pen is not tilted, the w ndow dianeter (i.e. 1 BDI) is given by
EQ 12. If, when the pen is not tilted, the distance fromthe nib to edge of
the window (i.e. | AB 1) is T, then the distance S fromthe nib to the
center of the window (i.e. I AC1) is given by EQ 13. Wen the pen is
tilted by 0, the distance fromthe viewoint to the surface along the
optical axis is reduced to d (i.e. | GEI ), given by EQ 14. The w dth of
the window (i.e. I FH 1) is then givengzby EQ 15. D and a nust be chosen so
that an adequately large area is imageg t hroughout the supported tilt
range. The required m nimumdianeter mof the area is given by EQ 4, while
the wwdth of the actual inaged area is given by EQ 15. This then gives EQ
16. Once Duaulg feldapkvicle hetmapay@ae tilrnd aige-siedvsolistanheSob 4t ptiisihe he chosen

so that th 'ﬁqgg r ' . i .. th t L mum
feature fr%&ﬁée cy ?gaég%’p‘%ée%ag?qﬁ?é’gkf\ééigsﬁgpn%?%%dédgrﬁn i gtteéirag&ﬁ\%gﬁs?rmged,

t he scal e ®ifch fahge of nltf o3 UEE) edgedl ik b 28T e 2 i(160) wdihstvenine dbteaserPtofie

vi ewpoi nt - ayydly Widtd) ahddfef SAPARBwoP Fd.d-RAL b Q%) TRl Al SidPrab 2 G MLEW PP Lay. Both
factors have maxi rum effect at point F for positi've tilt and point H for
negati ve t 143 anq thigis mapoed tpeloprp Hie disisedirpnge by nifeting thapptidalagis at 157 wsleiteriethe

Vi ewpoi nt . priadaCadtiBbte HRf B BN ERE dal bEexpihdbd igiQ bl eMinten i SeussS iRBr 8PPl Y to H
when the tjlt is negative. The distance of point F fromthe vi ewpoint

(i.e. | EFmP%ep:l‘"‘ge'gi ven by EQ 17. Scaling due to the inclination of the
surface rel ati veThoovedalk pani tidvié thgs dosfined forao aidjfrich coleFhoseSnajog hne®ris B4 ikl 18. | f

t he surfaceltcfflelateur w}Iogee uoq,nc%ei;%o{n,thetrafq t8he angul ar surface feature
frequency g6 att lgm(el L€, W respect 5" %the field of vi ew) due to both
factors is gi venThyimp®sdnging \Wehies pilqeynanarigedgplablsjSect plane tilt (i.e. 0 = 0),
this reduces to EQ 20. The inage sensor is, by definition, required to
image at least the entire angular field of view. Since the pixel density
of the imge sensor is uniform it nust image the entire field of view at
maxi mum frequency. G ven an angular field of viewin inmage space of 2a', an
i mge sensor tilt (i.e. 1image plane tilt) with respect to the optical axis
of 0', and a sanpling rate of n (where n >_ 2 according to Nyquist's

t heoren), the mninmuminage sensor resolution q is given by EQ 21 and EQ
22. The cos-squared termin the nunerator in EQ 22 results fromthe sane
reasoning as the cos-squared termin the denom nator in EQ 19. Wen there
is no imge plane tilt (i.e. 0° = 0), and the i mge space and obj ect space
NPS036- SG 69 angul ar fields of view are equal (i.e. a' = a), this reduces
to EQ 23 and EQ 24.
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When there is no object plane tilt (i.e
25. When the imge plane tilt and the object plane tilt are equal
and the i mage

(i.e

:0),
equal

a|

space and obj ect space angul ar fi

a), EQ 22 reduces to EQ 26.

= 0) this reduces further to EQ

(i.e. O
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8.3
8.3.1

TAG DECODING

Tag Image Processing and Decoding

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

the 2D perspective transform on the tag, as well as the decoded tag data.

8.3.2

Inferring the Pen Transform

Once the 2D perspective transform is obtained which accounts for the perspective

distortion of the tag in the captured image, as described earlier, the corresponding discrete 3D tag

transform with respect to the pen’s optical axis can be inferred, as described below in Section 8.4,

Once the discrete 3D tag transform is known, the corresponding 3D pen transform can be

inferred, i.e. the transform of the pen’s physical axis with respect to the surface. The pen’s physical

axis is the axis which is embodied in the pen’s shape and which is experienced by the pen’s user. It
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angul ar fields of view, no image plane tilt, and a nib-to-w ndow di stance T
of 4 nun, optimzing the geonetry using EQ 16 and EQ 24 to achi eve the
desired pitch and roll ranges stated above yields a pitch range of -16 to
+48 (64) and a roll range of -28 to +28 (56) with a view ng di stance D of
30 mm and an angul ar field of viewof 18.8 (a = 9.4). The available pitch
range is actually -21 to +43, and this is mapped to close to the desired
range by pitching the optical axis at »5 relative to the physical axis.
Note that the tilt range can be expand%d slightly by optim zing a non-zero
tilt of the inmage plane. The overall pen tilt is thus confined to an
elliptical cone whose major angle is 64 in the pitch plane and whose m nor
angl e i s Sfasdesthioligh tiieGiH. T relfr@nshiphvetwidimigeph s aiSkin ghdvialdpdal £8 isamhergddmar i zed

in Tabl e N PS036-SG 71 Table 5. Inage sensing variabl es variabl eneani ng

albj ect spaiguér reld of view half-angle Image space field of view half-angle
Pen yaw 0Cbj ect Bl iarrenveritnt t( idefime tyeresoatdinatpepacesi [ yendt |spasgéhepdptisrt 2kif | t  Pen
pitch Pen kides AMEHhAL okik QRSO @Y Jidhphiheh dt BE oMii€ Vi lpbmgﬁ&l th/ b4 dxigli St ance
dTilted view ,ngs di stance fSurface feature frequency nSanplihg rate gl mage

sensor r esSIGFEFGHD &5 Sinire dembatat i BrED Ides e e fast gy Yo FY PREWIBAS sur f ace
(when 0 = @hterbbihs bréghc Eheftigarmsfirin rhmpfoatigle tof4 fomahabp@E tovemsiv sgage. sur f ace (when 0

© 0) 2,9, ECSIGE ol A8, HESRERS R el
know edge 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 point G between the optical axis and the surface is referred to as the sensed point, In
contrast with the geometry illustrated in Figure 62 where the nib is considered as a point, here the nib
is considered as a small sphere. If the nib is curved, then the tilt of the physical axis affects the offset
between the sensed point and the contact point between the nib and the surface. The center point K of
the spherical nib, about which the physical axis pivots, is referred to as the pivot point.

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

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

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

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

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

‘The vector from the pivot point to the contact point is by definition a surface normal of
length R. It is constructed by applying the 3D tag rotation M to a tag space surface normal,
normalizing the result, and scaling by R, as shown in EQ 30 and EQ 31.

The vector from the sensed point to the contact point is then obtained in accordance with
EQ 32,

This is transformed into tag space by applying the inverse of the tag transform 3D rotation,
and is then added to the vector from the tag center to the sensed point, to yield the vector from the tag

center to the contact point in tag space, i.e. on the surface, in accordance with EQ 33.
NPS036-SG



t he 2D perspective transformon the tag, as well as the decoded tag data.
8.3.2 Inferring the Pen Transform Once the 2D perspective transformis
obt ai ned whi ch accounts for the perspective distortion of the tag in the
captured i mage, as described earlier, the corresponding discrete 3D tag
transformwith respect to the pen's optical axis can be inferred, as
descri bed below in Section 8.4, Once the discrete 3D tag transformis
known, the corresponding 3D pen transfgrmcan be inferred, i.e. the
transformof the pen's physical axis with respect to the surface. The pen's
physical axis is the axis which is enbodied in the pen's shape and which
is experienced by the pen's user. It NPS036-SG 72 passes through the nib.
The rel ati onshi pThetsvisaly atided tpihy siz's absolailwatinchs tidydied |yt itscrad IDax 18eld e
"'UStrateﬂbkﬂmmﬁhﬂﬂﬁéh@4mnhﬁhhﬁg&ﬁ&¥§@k@ﬂb3&0 define three coordinate

spaces. In sensor ace tical axis coincides with the z axis and the
t he vi ewpoi nt i sTht f%P]H;@Péfrt? g‘feﬁthe PH spYprisgszior e de ey 3P camtagion $he Rewst nci des
Wi th the ZzdigxteSroRiifhs bio iniplybihd Sivédles Bf'lﬂie Q@‘Sgiis&ete Innatioasgwﬁlpa@@ert Heichago 4 i es

|nthexy ne_w.th t ori.gin. tag transform

t ransf or ns @‘ﬁ@’gtﬂgﬁﬁﬁft ?tjr%erﬂltfha@“" ;8{:@ ‘EPS" BB r?b‘*éi*c‘ ﬁ‘e BTSSP S HEE T s

i1l ustrat cEQBH ERGundEQ47. The |abelling of points in Figure 64 is

consi stentg Wi th I gure 62. The viewpoint is at E, the
sensed poi nt i's %E%Amgﬂ%g&#%ib@s at A. The intersection point G
bet ween the opti ébfimageio§thasg 4 papaured by tha feess sosproplpipeRiTspestiveglistoion dens ed

poi nt. I n thepustibagl obntablord mmgﬁ@e\aﬁtﬂw with kadp%btrtathec&gl Ghob i@ Pr@edide QL € t he

nib is con er ed ere consi dered as a

Coher 0. Dot s 3hud uD o oo Db, BTSSR f oot s

t he of f setbasddenweleing thaevel-emssdopeumionanrtitiighie Hontaghcepod itegbahwasimt t he ni b
and the sugfacg, dT;egteqaﬁgf&& QL Wnic 2k risk h@ IRPREE Gohe g ar%@&%%m@@' ch the

physical axis pivots, is referred to as the pivol point. e ni

nomi nal coREBRiFallyj a2 ¢ of Spiliancops nep-linggr pAuatiqnsgh ebfaipgd by Glingorropqnding
vertical . t&ﬁshﬂhd@ﬁdaﬁ%dtﬂ@nsbﬁm a6 ﬂeabectna ntaﬂ&nﬁmolvﬁ@lthe@kq&mn\l\bﬂzﬂs thdre pen is
tilted, ont a IS, at en the
radius R- o%e{e &ans%m steﬁ W&"dsltnéc}?gg%ggbst”ﬁd taﬁl 0| n ml?( ?) o%nm%t%ﬁe s%rface
e.g. at A ‘otrwpm,ﬂtqffsetérbm@ysur@se The discrete tag transform i ncl udes the

transl ati ogg @f tngdgﬁ%tﬁ@mﬁmﬁgfgm,t he sensed point, the 3D tag rotation,
and the translation of the sensed £?m nt fromthe viewpoint. Gven the

translation d of TFhE™SBEs 8 M5dPh Frmbifet Ry VP dWpssi Htce ioAn phaokidcket e tag

t ransf or MCoﬁdﬁﬁnﬁﬁﬁﬂ'ﬁHﬂifmwh@trﬁ@oﬂﬂs,tepi he sensed point is given by EQ 27.

Si nce the physic ) romthe optical axis by avy

transl ati on and ’; trm%iat?f 6%‘0’% “evémﬁ{ %ﬁs the physical axis lies in the y-z
pl ane. Wth ref e?reﬁq@é)wtftsYW)gure 64, vvhere | ACI =S and | ECI| = D {just
as in Fi gu.re 62)H0ga{e(gys,agq,llt@gr that in sensor space the position of the

pi vot poi nt

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

These are concatenated symbolically to produce a single transform matrix which effects
the tag transform. Table 7 summarizes the discrete transform variables used in the following sections,

together with the range of each variable.

Table 7. Discrete transform variables and their ranges

Variable | Abbrev. Meaning Unit Range
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given by EQ 28. The vector fromthe sensed point to the pivot point

is

therefore given by EQ 29. The vector fromthe pivot point to the contact

poi nt

the result,

is by definition a surface nornmal
applying the 3Dtag rotation Mto a tag space surface normal
and scaling by R, as shown in EQ 30 and EQ 31. The vector from

the sensed point to the contact point
EQ 32. This is transformed into tag spgce by applying the inverse of the
and is then added to the vector fromthe tag

tag transform 3D rotation,

center to the sensed point,
in tag space,

contact po

i nt

i.e.

of

| ength R

It is const

ructed by

normal i zi ng

is then obtained in accordance with

to yield the vector fromthe tag
on the surface,
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tTh)

Translate in x-y plane by #, and #, according to EQ 42 (where A=¢, and B=,).

Rotate about z by y according to EQ 43 (where C=cos(y) and D=sin(y)), giving EQ 44,

Rotate about x by ¢ according to EQ 45 (where E=cos(¢) and F=sin{¢)), giving EQ 46.

center to the
in accordance with EQ 33.

, as
ion in the

tations
pen's

tical axis
Q37. 8.4

e i mage

ri entation
targets

erspective
i ons
gcrete

t enat ed

bt ai ned by
he

te

b, 3D tag

the Tag

e can be

y
rotate

Rotate about y by y according to EQ 47 (where G=cos(y) and H=sin(y)), giving EQ 48,
where K and L are defined by EQ 49 and EQ 50.

Translate in z by ¢, according to EQ 51 (where =¢.), giving EQ 52.

Perspective project with focal length A and projection plane at z=0 according to EQ 53
(where J=1/3), giving EQ 54.
Scale to viewport by S according to EQ 55, giving EQ 56.

Transform a point in the x-y plane (z=0) according to EQ 57, giving EQ 58.
Finally, expand K and L, giving EQ 59.

2D Perspective Transform

Given an inferred eight-degree-of-freedom 2D perspective transform matrix as defined in

EQ 60, multiply by an unknown { to obtain the general nine-degree-of-freedom form of the matrix, as
shown in EQ 61.

Transform a 2D point according to EQ 62, giving EQ 63.
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y rotate (by tag roll) =z translate (by tag-to-viewpoint offset)
perspective project (wth specified focal |ength) X-y scale (to viewport
si ze) These are concatenated synbolically to produce a single transform
matri x which effects the tag transform Table 7 summari zes the discrete
transformvariables used in the follow ng sections, together with the
range of each variable. Table 7. D screte transformvariables and their
ranges Variabl e Abbrev. Meaning Unit Rgnge NPS036-SG 74 transform y-yawo0
<y-<21r -pitchO-ir/2<4)"12 ,~-roll10-764 < W< zt/4 t XAtag-to-vi ewpoi nt x
of fset0- tyBtag-to-viewoint y offsetO- cosyCcosine of yawl-1 < C< 1
singDsine of yaw0-1 <- D <-1 cos4)Ecosine of pitchl0 < E< 1 sin4Fsine of
pitchO-1 <883 1 ddeyingthesiagdraisforol | 10 < G<- | singHsine of roll0-1 < K 1

fZ1t ag-to- HHQWPOEHEnﬁ§3JE#§m4<C)11 ~Jinverse focal length-j> 0 Sviewport
scale-S> O Transl ate ’n x- | ane bé tx and t, according to EQ 42 (where A

=t, and B=t,). REQtRE base icx%tSbryESIS v el pasicres BB resuisdr BQG4 e y) and
D=sin(y)), 7nbéﬂgm@eE@lﬂﬂmequaﬁaﬁelmsx by 4) accordi ng to EQ 45 (where

E=cos($) and F= sgg ; ugg % duu$%§ t e. about, ¥ u% %tm tllcordlng to
EQ 47 (where G-oOlTSFHHRETE PYFET {F iy TRggo Meniity relating fhe sine
and cosine of an angle (i.c. the sine and cosine of any one of yaw, pitch and rol), as shown in EQ 73.
Given the sine and cosine of an angle, the corresponding angle is obtained using a two-

argument arctan as shown in EQ 74.

8.43.2 Solving for X-Y Offset

EQ 66 can be simplified using EQ 64 and EQ 65 to give EQ 75 and then EQ 76.

EQ 69 can be simplified using EQ 67 and EQ 68 to give EQ 77 and then EQ 78,

EQ 72 can be simplified using EQ 70 and EQ 71 to give EQ 79 and then EQ 80.

EQ 76 can be re-written as EQ 81, and EQ 78 can be re-written as EQ 82,
Equating EQ 81 and EQ 82 and solving for B yields EQ 83 through EQ 85 and finally EQ 86,
which defines B.
Substituting the value for B into EQ 82 and simplifying yields EQ 87 through EQ 90 and
finally EG 91, which defines A.

This therefore gives the x-y offset of the tag 4 from the viewpoint, since 4=t and B=t,.
8.4.3.3 Solving for Pitch

From EQ 68, EQ 92 can be obtained.

From EQ 67, EQ 93 can be obtained.

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

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

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

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

From EQ 94, EQ 98 can be obtained.

From EQ 95, EQ 99 can be obtained.

From EQ %6, EQ 100 can be obtained.

From EQ 97, EQ 101 can be obtained.

From EQ 98 and EQ 99, EQ 102 and then EQ 103 can be obtained,

From EQ 100 and EQ 101, EQ 104 and then EQ 105 can be obtained.

From EQ 103 and EQ 105, EQ 106 and then EQ} 1067 can be obtained.

EQ 107 only has a valid basis if & and H are both non-zero. Since |y| < =/2, the cosine (&)
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where K and L are defined by EQ 49 and EQ 50. Translate in z by tz
according to EQ 51 (where | (), giving EQ 52. Perspective project with
focal length k and projection plane at z=0 according to EQ 53 (where J
1/),.), giving EQ 54. Scale to viewport by S according to EQ 55, giving EQ
56. Transforma point in the x-y plane (z=0) according to EQ 57, giving EQ
58. Finally, expand K and L, giving EQ 59. 8.4.2 2D Perspective Transform
G ven an inferred ei ght-degree-of-freegom 2D perspective transform matrix
as defined in EQ 60, multiply by an unknown i to obtain the general

ni ne-degree-of -freedomformof the matrix, as shown in EQ 61. Transform a
2D point according to EQ 62, giving EQ 63. NPS036-SG 75 8.4.3 Inferring the
Tag Tr ansf ditimrolBis 4w@s posHgeiat ihenge Loebrh.i The gmtof thEqlidil) ingplt lwe-zao dfteirdiignt s i n

EQ 59 W t )ty GRENT WG RRuARof Rk AiSa bR, fh [ EQ 72, bei ng ni ne

non-linear equations in I1 unknowns. These eﬂ]:atl ons are augmented as
required by the #h Gembreeies ke me@mdﬁpi/th?meaﬁ gitahhdrcs Freen()cand hevesthne of an

angl e (| eoosﬁg*@)@ﬂﬁ%ﬁ@n}gmua&,r&{gt@ﬁalme of yaw, pitch and roll), as
shown in EQ 73. _Gven sine and cosine of an angle, the correspondl ng

angl e is obtai ne§atrdt g2 th‘f%ﬁ)‘ne Gt T A CrRRrSLY: St R mREPPAes, 4. 3.
Sol vi ng f owking e Eufrs edot. ER: G afake He (8), nimrdvérg a6kt blc-.SﬂdtbngQ WiRinflednab5 t 0

give EQ 75 t.h EQ 69 can be sinplified using EQ 67 and EQ 68
to give E ‘%‘ged §e°h°n97l'—_3 "78. EQ 72 can be sinplified using EQ 70 and EQ

71 to give EQ 79GumE tddhthEgicB® then pigyineg, acerdingdo ¥Q 1Mk i tten as EQ 81, and EQ
78 can be gg3W i bbRihg3sr&dl 82. Equating EQ 81 and EQ 82 and solving for B
yi el ds EQ 83 through E(R?85 and finally EQ $6, which defines B.

Substituting thefPHERIPHQBOHYS k> and sinplifying yields EQ 87

t hrough EQ 90 andromfmqml,kq1EQn9ﬂn¢nm|mhmdefobﬁﬂei A. This therefore gives the

x-y offset of th 4 frao thev |nt B= 8.4.3.3
Sol ving for Pi tcﬁm%%%ef Eéwg can me’o eroFmaceH sm&pq and L%ceth

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

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

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

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

From EQ 92 and EQ 116, EQ 117 and then EQ 118 can be obtained.

From EQ 92 and EQ 116, EQ 119 and then EQ 120 can be obtained.

In EQ 116, and hence EQ 118 and EQ 120, the sign of the square root is determined by
the sign of i, which can be determined from EQ 80, giving EQ 121.

Since 7 (t;) is negative, J {(1/A) is positive, and L/ < -] (because |t > A), then EQ 122
holds.

Given C and D, the yaw is then obtained according to EQ 123.
8.4.3.6 Solving for Viewport Scale

The cosine (C) and sine (D) of the yaw are by definition never simultaneously zero. Since
the cosine (E) of the pitch is never zero, either EQ 67 or EQ 68 can therefore always be used to
determine the viewport scale (S).

If D is non-zero, then from EQ 67, EQ 124 can be obtained.

Otherwise, if C is non-zero, then from EQ 68, EQ 125 can be obtained.
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From EQ 67, EQ 93 can be obtained. From EQ 64, EQ 92 and EQ 93, EQ 94 can
be obtained. From EQ 65, EQ 92 and EQ 93, EQ 95 can be obtained. From EQ
70, EQ 92 and EQ 93, EQ 96 can be obtained. FromEQ 71, EQ 92 and EQ 93,
EQ 97 can be obtained. From EQ 94, EQ 98 can be obtained. From EQ 95, EQ
99 can be obtained. From EQ 96, EQ 100 can be obtained. FromEQ 97, EQ
101 can be obtained. From EQ 98 and EQ 99, EQ 102 and then EQ 103 can be
obtai ned. From EQ 100 and EQ 101, EQ-404 and then EQ 105 can be obtai ned.
From EQ 103 and EQ 105, EQ 106 and then EQ 107 can be obtained. EQ 107 only
has a valid basis if Gand H are both non-zero. Since jw < nnl2, the
cosine (G NPSMB6-SG 76 of the roll is always positive and hence non-zero.
The sine 08.481e Solving(fbl) Facal lamigth non-zero if the roll is non-zero.

Speci fic handling. f. : P L n s LeSerdes s b, ion,.6.7.3.10.
This therefore gig'\I/lIélgrﬁyt’ ﬁ]gge%gcﬁ%u?eﬂgzog?g %’hés %a??\%gg’fe tff?zﬁpﬁq%ﬁﬁﬂsfi cnatége

F=si n(4), webtoHesmmme thy grverssdadaengihid), soflong peeeithir the ritdhypr wthiszgn-zese Hovwetbng t o EQ
108. Si Ncethd ddns of #e kides (F R BPSH iRSitktEInd 9611 ud}enoPbd 1@Bwih. S10GENENSE sRASE fhé VE, SO
there is no anbiquity whe t kig t.he square root. The sign of the sine
(F), hovvev‘i’er?d?IJCt Ofﬁl\é“ﬂeéf”gt}‘erﬁ”fai]éﬁ‘ %‘H‘W@ﬂyﬁgi%?s Sé@”n‘ﬂﬁg&ﬁgbed in Section
6.7.3.9. G ven EThdbnlean Helhgigpidtadtirarily «b Aiencatd sipnnédis kaee @ pdirIf gt iondnQ 109.
8.4.3.4 Sg;eyoi 2o %@’ggﬁﬁﬁ%ﬁﬁbm%d- EQ 110 can be obtained. From EQ 73,

EQ 111 and then B} e obtalned. This therefore gives the nmagnitude
of the sine of tHé&! pitzeroshudemB&TINEQA38 canbrpbisspte the cosine (G of the
rOH by E|Q 73, aGCRiciic e E]ﬁicgﬁnﬁéﬁgsin@iﬂﬁpﬁ;gﬁdﬂtq 281 &sedtoh%/hfﬁ_ﬁ)&g‘?%md(h@ of the
ro 1s always positive 0.t her no. anpi gul.t en . taking t. squar e

root. The I?Fé‘ﬁl%ﬂ Prete e dpgrse - Wﬂ@%ﬂ kfé’y H’g?‘é?rﬁf’??éamb e‘dF‘ﬁ%r means,
as descr i heidandmollSedioihamo6. 7. 3. 9. Gven Gand H, the roll is then obtained

accordi ng Q ; Solving for Yaw From EQ 73, EQ 92 and EQ 93,
é.t@.l:}l.gn é&l%m_lg_ f§ri101?f%e‘i .

EQ 115 and t EQ 1I6 can be obtai ned.
Once the inverse focal length (J) is known, the z offset (I} is obtained from EQ 80,

according to EQ 129,

Again, the z offset (I} is unknown if the inverse focal length (J) is unknown, i.e. if the
pitch and roll are both zero.
8.4.3.9 Determining Direction of Pitch and Roll

The sign of the product (FH) of the sines of the pitch and roll is given by EQ 126. Since
-m/4 <y < w4, a roll adjustment of +n/4 can be introduced to ensure the roil is always positive,
without invalidating any other assumptions. Once the roll adjustment is introduced, EQ 126 gives the
sign of the sine (F) of the pitch alone.

The roll adjustment is introduced as follows. The viewport scale (3), inverse focal length
/), and z offset (J) are all computed as described. A 3D transform matrix is created from the 2D
perspective transform matrix. The inverses of the viewport scale, focal length projection and z
translation are applied to the 3D malrix in reverse order. The roll adjustment is then applied by pre-
multiplying the matrix by a ©/4 y rotation matrix. The roll, pitch and yaw are computed as described.
Since the roll is positive, the pitch direction is now known. The w/4 roll adjustment is finally
subtracted from the roll to give the actual roll.

When the roli and pitch are both zero, the focal length and z offset are both unknown as
described above. However, in this case there is no need to adjust the roll since the piich and roll are
already known.
8.4.3.10 Handling Zero Pitch and Rolt

When either the pitch or roll is zero, the general solution based on EQ 107 becomes

mvalid. The table of Figure 85 shows the 12 degenerate forms of EQ 64 through EQ 71 which result
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From EQ 92 and EQ 116, EQ 117 and then EQ 118 can be obtai ned. From EQ 92
and EQ 116, EQ 119 and then EQ 120 can be obtained. In EQ 116, and hence EQ
118 and EQ 120, the sign of the square root is determ ned by the sign of
i, which can be determned fromEQ 80, giving EQ 121. Since |I (t,) is
negative, J (1/?) is positive, and IJ < -1 (because Itzl > a.), then EQ 122
holds. Gven C and D, the yaw is then obtai ned according to EQ 123.

8.4.3.6 Solving for Viewport Scal e Thegcosine (C and sine (D) of the yaw
are by definition never sinultaneously zero. Since the cosine (E) of the
pitch is never zero, either EQ 67 or EQ 68 can therefore always be used to
determ ne the viewport scale (S). If Dis non-zero, then fromEQ 67, EQ 124
can be obt siendd yavOs hatowilysero (brfr), @/2i (8t 3n0Y) eddion zerd, Aethd gittinmnEQNIGR:, vafiigll 25 can

be obt ai ne RS(B6- S 4.3 7 | Vi for. Focal. ngt im.larly, since
the cosi neg{oG%}idc?'g %ﬁ%q‘rh%lélt_’éiog er\?se?é)ﬁn éiréc))’?setéi t %tg? ge%bm!;gog%rtgt%t%gcaﬁ% be
used to deltaadling msestwhereithppitehisand/pryel lare| zemagith epch)casegupiivagnd By aeoseippeadng it he pi t ch

or roll i smé@he 3fifire S50MBREs in thb BBle ST IGH% BfaretidbSIed Wi e bde RBFerbBonPhe t he

pitch and rgll_r t known. However, the sign of the product (FH of
the sines t8ﬁ°?fﬁyg%ﬁﬁgﬂd ﬁd roll is given by EQ 103, as shown in EQ 126. The

sign can béomsesigmed arbitrarily to F, since the sign of J is known a

priori. If gi isthon:..Z§ . r Q. 7 tained. If hi

i's non-zero, t henﬂﬁ}gﬁ% E[égnﬁﬁ E%E%eéfzdgg%gg“%tg T%%%ﬁ%%ead&&%ﬁg)g?%gﬁegtea? t he

choi ce betHueber of giepific femitdy cmbpdinegs. Hogreves, iywl bel arprecigd Bhthest sigiieddm@e hi  has

E)hehl ar ger reRRgNiiddd @8t a didBerd JPVRESEbIREARLS, difHEE Roth SholdER@WNy ldbsc@led, 3@ hi are
oth zero,

i . i.f the,  pitch and roll are both zero. 8.4.3.8 Saolving for Z
Ot et - Oncabofibin b i P Spbeith g pReep e iomArGRAACEIL el ety s
obt ai ned fthomv&@BH,not meadsd di by lithited BQtk 2Pecifibgaibolimdniyeleg rilpi fis @ pidsgnt | S
unknown i fg ket 0V f loss Lk i i itch and
roll are b%)%cﬁlﬁgﬁe??b].ﬁ&%?ﬁ dg&glk%iefﬁ%?ﬁﬁlﬁheﬁ% c%%rrectl g%}@%:%; llo%lga%ﬁéllrlﬁeas%l 9&%{[}% The
si gn of t W&PIVHRY lippr bydie aptachedsleiids of the pitch and roll is given by EQ
126. Since -7r/4 < yr < x/4, a roll adjustnment of ++n/4 can be introduced
to ensure the roll is always positive,
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wi t hout invalidating any other assunptions. Once the roll adjustnment is

i ntroduced, EQ 126 gives the sign of the sine (F) of the pitch alone. The
roll adjustnent is introduced as follows. The viewport scale (8), inverse
focal length (J), and z offset (1) are all conputed as described. A 3D
transformmatrix is created fromthe 2D perspective transformmatrix. The
i nverses of the viewport scale, focal length projection and z translation
are applied to the 3D matrix in reversg order. The roll adjustnent is then
applied by pre- nultiplying the matrix by air/4 y rotation matrix. The

roll, pitch and yaw are conputed as described. Since the roll is positive,
the pitch direction is now known. The n/4 roll adjustnent is finally
subtracted fromthe roll to give the actual roll. Wen the roll and pitch

are both zero, the focal |ength and GLAWMBset are both unknown as descri bed
above. However, in this case there is no need to adjust the roll since the
pitch and roll are already known. 8.4.3.10 Handling Zero Pitch and Rol
When eit hel the pistnsig device Girlgenestimgemiontativh datgeirameaditiweal artnioenl blasedo on EQ 107
becomes i gvalk] fe odhBs of . FH.o - rms of
EQ 64 t hrough EQ 71 ﬁh%ngﬁéa?gg%ﬁa h%%gf&gg’f‘ %@%Oﬁiﬁkﬁﬁgﬁ‘%ﬁ%@%gﬁhﬁgousl y
zero (or 7&facerilp syrigse hayippyodeddntp disppsed apay, it 15 goder datp icomsmisian al Plugslity ofr e

vari ousl y subgm@ali@nadiffeentiged tarkd Pesitlordal ©lak FiaOkl 6Spr&emithd Sémealt Sa@uUt t he

required logi.c for. detecti.n nd___handling.cases re.the pi.tch and/or
roll are z%g%?”ﬁféhm%%%lmégsggﬁb TVate e5%“%%%%§Q§%§%§P?ﬁﬂmfﬂwS?ﬁ@gtabIe of
Fi gure 85.devheingpditgs in the table of Figure 85 are |abelled with the case
nunbers fromthe table of Figures 86 and 87, CONCLUSI ON The present

i nvention has bet#f"#scribed with reference to a preferred enbodi nent and

nunber of specific alternative enbodinentgf However, it will be appreciated
by those skil | ed®} FHHER STEr epdsifedis gy thgreniation fap atingg legt gogie of the

enbodi nent ®deddietafagd i ng from t hose specifically described, will also fal
within the spirit and scope of the present invention. Accordingly, it wll
be under st ood t hagommupieatdr pepégrrdddmcomupiente theyiriemiation datago b eonipitei systa. t 0 t he
speci fic enbodi nents described in the present specification, including
docunent s incorporated by cross-reference as appropriate. The scope of the
i nvention is onIX limted b &%5 %Lt ched.c| ai ps.  NPS036- SG 79 CLAIMS 1. A
sensing deVi ce fOFYRHEYST TGP SR MEFTHAT Letion HbE rdiry e of BFE>hoved

rel ati ve temeafayaw, a pitch and a roll of the housing relative to the surface.

3. A sensing device according to claim 1, further including a motion sensor for generaling at
least one of movement data and position data when the sensing device is moved relative to the
surface, the communicator being configured to communicate the movement data to the computer

systern,

4. A sensing device according to claim 3, further including region identity sensor configured
to sense, when the sensing device is positioned or moved relative to a region of the surface, and using
at Ieast some of the coded data, region identity data indicative of an identity of the region, the

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

5. A sensing device according to claim 4, wherein the motion sensor is configured to generate

at least one of the movement data and the position data using at least some of the coded data.
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surface, the orientation data being indicative of an orientation of the
sensing device relative to the surface, the surface having coded data

di sposed upon it, the coded data conprising a plurality of substantially
undi fferentiated marks positioned relative to a set of predeterm ned

nom nal mark positions and being indicative, when sensed by the sensing
device, of the orientation, the sensing device including: a housing; an
orientation sensor configured to genergte the orientation data using at

| east some of the coded data; and a communi cator configured to conmunicate
the orientation data to a conputer system 2. A sensing device according to
claim1l1, wherein the orientation data is indicative of at |east one of a
yaw, a pitéeh andAzerspkldeade acdveditgonslaingS,reeatn trecdded daweis sise frpaive 3f a A

sensi ng deyi.GRy Bk Peintk & & lidh) @[e mbehdh LA bén%%l;ﬁf%hr@:gt g%@g& laas S0 OF for

generating at |east one of novenent data and position

sensi ng de® Reemqvemgphiatagnd e apsitigrdatapnithidasisql aflessieone piie reqypmaRAng Bession bei ng
conf i gur edoftie seBiiEtHvice adlivé 1 at iemnoade e rdatme poitd he conputer system 4. A
sensing device according to claim3, further including region identity
sensor configured to sense, when the sensing device is positioned or noved
relative to a region of the surface, and using at |east sone of the coded
data, regi on i defitsiiye aicnacrudipgiacioiped. hergimthp chdert dataymclyestpbriodicelyingnts, t he
comuni cat @& mB@nNens& R ink GobiiBHed © GRANUDNIERLR Jf R roSGie@Mala A8NEE basidat a to
the conputer sy si ng device according to,claim4, wherein the

mot i on sen¥Gon etbéséanff‘td?ffté’ae ‘%} weenaad pogiion of the sengipredexipe rEiRiye fan) ANt dat a
and t he posietfbepedatieelarsnmg at | east sone of the coded data. NPS036- SG 80
6. A sensing device according to claim5, wherein the coded data is al so
indicative of a plurality of reference points of the region, the notion
sensor being configured to generate at |east one of the novenent data and
the positibn dat @ “Ofing fleicpasrdingio daimy Gefsh “Brien B morw sepwrehtmfiesdde posi ti on
of the Senﬁtul‘ilg tighepobificr dfaheddehsity de@icedielativ@as theil ®afdfond Rerdn&f PRI BEFerip@E NtS. 7.

A sensing &/ehtcgergb c?%gtlzrﬁg?tﬁeastone of{pe mb e%rsr Aarﬁd%hge??ﬁlglaggmodat a 1 ncl udes

periodi c el enents, 1 on sensor. perng con generate at | east
one of the novenent data and the position data on the basis of at |east
one of the novenent and position of the sensing device relative to at |east

one of theg.peri oflissigd &ai’eerucsordxﬁg to Aalﬁzesnﬁhﬁkam@hﬁd&hg&.ﬁh%&%ﬂa&gc&uﬂgﬂd% s 6 or

7, wherein th tion ensar gured to_ sanple the position of the
sensi ng de??{]% ap;g 3869 §F & p5sR V‘?ft ﬂmé% {eﬁsﬁ@efeé?’%‘f’eeﬂ?@é"rﬁﬁ‘i‘%’t‘: cl§meher i odi ¢

el enent, thereby to generate at |east one of the novenent data and the
position dat a.

10. A sensing device according to claim 9, wherein the communicator is configured to

communicate distance data to the computer system, the distance data being indicative of the distance.

11, A sensing device according to claim 9, wherein the motion sensor is configured to use the
distance estimated by the distance estimator to resolve a more accurate position of the sensing device

than indicated by the at least one reference point or periodic element alone.

12. A sensing device according to claim 5, further including an orieniation sensor configured

to sense an orientation of the sensing device relative to at least some of the coded data.

13. A sensing device according to claim 12, wherein the communicator is configured to
communicate orientation data to the computer system, the orientation data being indicative of the
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9. A sensing device according to claim8, further including a distance
estimator configured to estimate a distance of the sensing device fromthe
at | east one reference point or periodic elenment. 10. A sensing device
according to claim9, wherein the conmunicator is configured to

.communi cate di stance data to the conputer system the distance data being
i ndi cative of the distance. 11. A sensing device according to claim?9,
wherein the notion sensor is configurgd to use the distance estimted by
t he di stance estimator to resolve a nore accurate position of the sensing
device than indicated by the at |east one reference point or periodic

el emrent alone. 12. A sensing device according to claim5, further including
an ori ent atricgtationensor configured to sense an orientation of the sensing
device relative to at | east sone of the coded data. 13. A sensing device
according to claim 12, wherein the communicator is configured to

conmuni catg4 ori eﬂt ation data to the conputer sd%/nzt em the orientation data
bei ng i ndi tati ve® SIS PhEvienpeydiae 8l +Jvhgpdidng s impyconfigueed (geAgatgR Y i ce
accordi ng time referancamsdhe sensing Heice ismobeddélnge @ tieistiee gt | gured to generate a
time reference as the sensing device is noved relative to the surface
region. 15. A sensing device according to claim 14, wherein the

comuni cator is confjgured to communicate tinme reference data to the
conput er s¥tem LHESPE dgviceererdincie dpin d4pwhorrp thapremytiopler if configyesd tt¢ e
reference @hnidictemeas®esice dat @ @RScoBe kAt dhelinetri@edct BRY beinkGndichine @S| NQ
devi ce acctggtg&cn%e}eoeg}tgi@ 1lh yx(/pa%r ein tthd;re-b conmuni cator is a wireless

cormuni cat of -7 Re ST NG PR AR R NI ™ ' claim 1, further including
a force sensor configured to sense a force applied to the surface by the
sensing device. 18. A sensing device according to claim17, wherein the
comuni cat @l i S &O0RfsingUsctite bQordm@ UMi af, BwHeRiC fe dBkAuliQtol NE CRERUL €T
system the force data being indicative of the force. 19. A sensing device
accor di ng ¥B™ET4 17, further including a stroke detector configured to
detect, by way of the force, when the sensing device is applied to the
surface and renoved fromthe surface, thereby to identify the duration of
a stroke. 20. A 8eASINGAEMIGEAEGART] Hhel RofidiflaTords scMBEL G ohel RSense .
orientation sensor Is configured to infer the orientation Trom perspective
di st ort i orf e @pliqddotes suefpsrby §f scofig dedided data. 21. A sensing device
according to claim1l, wherein each mark represents one of a plurality of
coded val ues. NPSO36- SG 82

18. A sensing device according to claim 17, wherein the communicator is configured to

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

19. A sensing device according to claim 17, further including a stroke detector configured to
detect, by way of the force, when the sensing device is applied to the surface and removed from the

surface, thereby to identify the duration of a stroke.

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

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

21. A sensing device according to claim I, wherein each mark represents one of a plurality of

coded values.
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22. A sensing device according to claim 21, wherein the coded val ue
represented by a mark is at least partially determ ned by the position of
the mark relative to the set of predeterm ned nominal mark positions. 23.
A sensing device according to claim 1, wherein the predeterm ned nom nal
mark positions are arranged relative to a plurality of nom nal lines. 24.
A sensing device according to claim 23 wherein at | east one pair of the
lines are spaced apart fromone anothgr by a distance of |ess than 100
mllimeters. 25. A sensing device according to claim1l, wherein the marks
have centers and wherein the relative spacing of the centers of at |east

one pair of adjacent marks is less than 12 mllinmeters. 26. A sensing

devi ce acc® di ngAtsensigg devive decordiheoelaim Zalawharerilfathkcoldmame fébﬂ@ieﬂfbﬂThyraaﬁHﬂUiS and a
maxi mim raglids a0chy MHSHRI 1Y BE pbstBYL P farf el § Ladhus, g greater
t han 40% of the Iegg gf %hafs : E S ﬁ%x?nuﬁ%?a |us emﬁmden5|zg devi ce

accor di ng PEXEPEPM |, wherein any 10 millimeter diameter area of the first
coded data includes sufficient information to identify the first interface.
28. A sensing device according to claiml1, wherein any 10 rri I'1imeter

di anet er a of ed da ta i.pdica t he .sensing
devi ce, o?ﬁ 3"tahe ol?ls%ntga%ﬂgge accor es {;u%?r?]%lﬂlg 'iegﬂﬁ“ﬂ‘fl% ktp(S’SIi“lTéntl fy

t he ori ent ¢ #tnged NiED3I6 2 EGahty ﬂf nommal lines.

24, A sensing device according to claim 23 wherein at least one pair of the lines are spaced

apart from one another by a distance of less than 100 millimeters.

25, A sensing device 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.

26. A sensing device according to claim 1, wherein each mark has a minimum radins and a
maximum radius and wherein the length of a mark’s minimum radius is greater than 40% of the length

of that mark’s maximum radius.

27. A sensing device according to claim I, wherein any 10 millimeter diameter area of the first

coded data includes sufficient information to identify the first interface.

28. A sensing device according to claim 1, wherein any 10 millimeter diameter area of the
coded data indicative, when sensed by the sensing device, of the orientation, includes sufficient

information to identify the orientation.
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