1 SENSI NG DEVI CE W TH ORI ENTATI ON SENSOR FI ELD OF
| N\VENTI ON The present invention relates generally to
nmet hods, systens and apparatus for interacting with
conputers. The invention relates particularly to a
sensing device for sensing irff's own orientation
relative to a surface when noved or positioned
relative to the surface. The invention has been
devel oped primarily to allow a | arge nunber of
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disclosed in the following co-pending appIicatibns/granted patents filed by the applicant or

assignee of the present invention on 23 May 2000:
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can be easiér to read and nore portable than
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co ne advantages of pen on paper and conputer
t%‘i/%];?]é% COPPPRRANETEN The present invention

relates to a sensing device for sensing coded data,

éﬁf i_ensi ng device including: a housing; a light
ECL: rmounted in the housi ng to project light onto '
an ar dtiseh ohjestofitbe presept intyentianetgedmbine advantages of pen on paper and

computer systems.

SUMMARY OF INVENTION
The present invention relates to a sensing dewce for sensing coded data, the

sensing device including:

a housing; _

a hght emitter mounted in the housing to project light onto an area of a surface to
be imaged; ‘

a light receiver mounted in the housing to receive a reflected image from the area;
and '

a processor mounted in the housing to receive image data from the light febeiver;
wherein the emitter and receiver each have a known orientation with respect to the housing,
the light emitter, receiver and processor together being configured to sense location marks
on the surface, and wherein the processor is configured to generate orientation data
representing at least one of a yaw, a pitch and a roil of the housing with respect to the

location marks, based on the image data.

Thus, the sensing device includes orientation sensing means configured to



a light receiver nmounted in the housing to receive a
reflected image fromthe area; and a processor
nounted in the housing to receive inmage data fromthe
l'ight receiver; wherein thesgnitter and receiver each
have a known orientation with respect to the housing,
the light emtter, receiver and processor together
bei ng configured to sense | ocation nmarks on the
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pr oj ect om the housing so that a user can carry out
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sensi ng devrce nay i nclude a comuni cation nmeans
direntioh @f recement and mrhmigeaif ositien of the stykusindin ralativa te thegurface and

conput er system Preferably, the . light. emtfer -
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di rection of novenent and a change of position of the.

stylus nib relative to the surface and to generate

novenent data representing said directi-on and change

of position. -4- Preferably also, the sensing device

includes region identity sensing nmeans configured to

sense, when the sensing device is positioned or noved

relative to a region of the surface, and using at

| east sonme of the coded data, region identity data

i ndicative of an identity of the region, the

comuni cati ons means being configured to comrunicate

the region identity data to the conputer system In

particul ar, the processor may be configured to process

the image data to generate data representing an
“identity of the region. The coded data may be

indicative of a plurality of reference points of the

region.” The processor may be configured to generate

the novenent data on the basis of the sensing

devi ce's novenent relative to at |east one of the

ref erence points. The coded data may include periodic

el enents.. The processor may be confi gured



to generate the novenent data on the basis of the

movenent of the stylus nib relative. to at |east one

of the periodic elenments. The processor nay be _
configured to sanple a positign of the nib relative to

the at |east one reference point or periodic elenent,
thereby to generate the novenent data. The processor

may be configured to generate di stance data
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ghicosie daia Fepidyntipy addéntigpofitle tegichense at | east two

substapti al I,y. ort hogonal, conpgnept g, of _accel erati on .
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the surface region. The communication neans nmaybe
dewicads movemdnit eclatvieso agleait oncef thasefirense pditsa f or ce

sensi neans, pperatively connected, t %
con | S Bied geRay inelBp boGaRESElres  Pue BB St R gures
toogdkiatOthé tolvblerd Watadsitthe bésis offtiie tridveiept afghasthlus hidarelative to at
processor being connected to the force sensing neans
lopgs opg pEthg periedic dlewerte data. The communi cation neans
nay FdsQu : -gi!iPd&" Bobiabk 6f @etAb tdative to the at
t he (t:)gh téeérsgds%)ﬁ%eﬂrﬁ%% [ rg&c%g@é% Iari’é’f‘/‘ be confi guraege ofea
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Surt a2 BRckRln PSS RGP 1o LoleR, fllaids ) Wresenting an

ratron of a

eskihfa@ddedistdiR oFithé BénsitighieRy fagn the@rikdsh gndidferéie point or periodic
mar ki ng the surface. The sensing device

t hus .
. elpmpepte Shgprogesserrnayrbe contighteddpiapp @%ﬁ&@@%@r@?&‘gﬁ g @osition
' - illumnate infrared ink and to detect '
of 0 henE At

cted fromthe infrared ink, the coded data )
. bei ngTherlight evhittes regeiverfand peatefsok may be configured to sense acceleration

of the stylus nib as it is moved relative to the surface , the processor being configured to

generate the movement data by periodically sampling the acceleration.

The iighf emitter, receiver and processor niay be configured to sense at Iegst two
substantially orthogonal coﬁlponents of acceleration.

The processor may be configured to generate a time reference as the sensing device
is moved relative to the surface region. |
. The communication means may be wircless.

The sensing device may include a force sensing means operatively connected to

the stylus and configured to generate force data représenting a force applied to the surface



The processor may be configured to generate the
orientation data from perspective distortion of at

| east some of the coded data. The orientation sensing
nmeans preferably detects thedpgientation of the
housing relative to the surface dynam cally as the
"housing is noved. The housi ng may have an el ongate
shape which can be held by a user. In one enbodi nent,

S, U5 g s R R B

forgé imee, but this is not essential. By sinultaneously

capturing orientation and venent data the systemin
be ud8g CPMpBicARQn glegg.rxg@hngg cg t‘oeqommumé/a%e fhe 'fored data to

tﬁﬂ&ﬁ%ﬁ%ﬁk%ﬁ&y, dynami cal | y- measured orientation

si gn can enable the housing to be used as a
j oyst iTh& prdeessor reyieesonfgarid do jdetpets by way i the frcg datg when the

B B 551 5 05 SRR, 0 R TR B LRSS sty

dOR8Rs of Hstigkese the orientation of the housing in all
three dinensions. It may be sufficient to et(_e[%t on

. | .
t he piThestyls nitomay kpgimarkiog el foragarkisg ace. The sensiag device
E&Q@ﬁ%}%&@§ﬂ§éﬁgpl orientation information. For
exanpl €, e ho

using may be used to linearly control
an asphelightainiierdadire®ives naly besotfigirédtodHaininategfifrared ink and to

I ight,or _the yolume of a.loudspeaker, by varying th .
e digntyetiselat e dhingered i theoct G oRbg BRI it Rpeed ik

cal cuirrd Sdcd¥ordRdyasd donflgitedl &P @ercrate theicsiemtatibDdat@f0m perspective

rotation of the coded data. Firstly, it can be used to
digtordonafratleastenme loéthgspdeddatas is first applied to the

surfa ] Lt | r R WM ' :

pet odfe RoPuRETsbing HAES shdily GR ¥larientlbi O the howsing
religiviente dha surdace siynadkiially as flicchduaing. is TheveloTbe hduding may have an

i nformation,can be t] stanped. Th par at s i.s :
clgranTiapt yhithden B el B vseTan one Rbat Py feiigusie has the shape
oPPPL The AbBingd TRA e ?@vﬂb@ @%ﬁ%@ﬂmﬁfﬁg\ﬁﬂ; fok naf@iig £ saffyce, but this

shape but it “is preferably in the formof a stylus or '
ismohessentigl-er abl y, the apparatus incorporates a marking

nib for marking the surface with -5- hand-drawn
i nf or Bytsirowltanbertslyt tipturing orisntation end imgventepiedaip e ysige may be

[ referably Jjntended for i.nter ' ' or
uigd o KR erobp A RS AP S LRy el Bo ARG gl
cananebld HWouking @6 Beiiedrns @ibgtiberFod eamhple, such ajoysiickyjould be used

with three-dimensional software applications. Note that it is not essential for the orientation

sensing means to sense the orientationi of the housing in all three dimensions. It may be
sufficient to detect only the pitc, as some applications may not need three-dimensional
orientation information. For example, the housing may be used to linearly control an aspect

of a device, such as the intensity of a light or the volume of a loudspeaker, by varying the

pitch between 0° and 90°.
The roll, pitch and yaw may be calculated by detecting perspective distortion and
rotation of the coded data.

Firstly, it can be used to determine when the apparatus is first applied to the

surface and when it leaves the surface, with motion between force application and removal



applied by a user via the device. Preferably, the
sensing device is arranged to provide device
identification information which uniquely identifies
the device. The conputer systemmay therefore use
this to identify the device. Features and advant ages
of the present invention wll becone apparent fromthe
followi ng description of enmbodi ments thereof, by way

IR & 2o ISR e RS AP e

ot her odi ments. of the invention wll now be. :
Gescr i Dot RS PEICABH. § AT Gl Sopdiigne e, pporopriate
{8 26 BBusk&Y dHGe. ACMAPBERY Mpsbd\id 1 @ﬁqfefaﬁg}i&hﬂa@ﬁ'@rm of a stylus or
Figure 1 1s a schematic of a ?he rel ati onship between
ensanpl e printed netpage and its online page

description;, Figure 2 is a schematic view of a_ E )

i nt er aPrefenably) ¢hergmparatusrin¢qupayetep e marking aibplay mapdng the surface with
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 5a is a plan view showing a structure of a

net page tag; Figure 5b is a plan view showi ng a

rel ati onship between a set of the tags shown in Figure

.5a and a field of view of a netpage sensing device in

the formof a netpage pen; Figure 6a is a plan view

-showi ng an alternative structure of a netpage tag;

Figure 6b is a plan view showi ng a rel ationship

between a set of the tags shown in Figure 6a and a

field of view of a netpage sensing device in the form

of a netpage pen; Figure 6¢c is a plan view show ng an
arrangenent of nine of the tags shown in Figure 6a

where targets are shared between adj acent tags; -6- .

Figure 6d is a plan.view showi ng the interleaving and
rotati on of the synbols of the four codewords of the

tag shown in Figure 6a; Figure 7 is a flowhart of a

tag i mage processing and decoding algorithm Figure 8

is-a perspective view of a netpage pen and .its

associ ated tag-sensing field-of-view




cone; Figure 9 is a perspective exploded view of the
net page pen shown in Figure 8; Figure 10 is a
schemati ¢ bl ock di agram of a pen controller for the
net page pen shown in Figures 8 and 9; Figure 11 is a
perspective view of a wall-mfunted netpage printer;
Figure 12 is a section through the I ength of the
net page printer of Figure 11; Figure 12a is an
enlargedfportlon of Figure 12 showi ng a section of the
ik Bliss Bokgseengrbie wheel assenbly,
Flgure 13 is a detailed view of the ink cartridge,
i nk, dhe appadatyd iseprpfatably, mtmdbqofor nteraettpinveich afcompyier system that

R hE lfrolod PisEfartioicnsl B <t PPk Py il B weitng)

ii__ﬂli%d B9 hR8G it BE8Ee. Pfoé‘ﬂEbl?rltﬂe SenSidE Bévidelis afthgbd to provide device
ure 15 is a schematic block di agram of dupl exed

1qgnﬁlﬁﬁat1@m infermation tvhinhl wnignelhidensifigs dherdevigsr IThe prrapiger system may

=] pinter controller shown in Figure
&%%%%%P%hrgtﬁ%ﬂguﬁgg%éh nhtlc bl ock di agram of the
prlnt i ne troIIer i n F| e and 15
i gur Eeafires and adyantages af; e it en %Wﬁbﬁ@%&ﬁ%ﬁ% from the
follbwitlg diScrhiB R embadiméaRGhdrBof, bPwa E%’f%ﬂﬁhﬁe ohly@ with reference to
net page printer of Figures 10 to 1 Figure 18 is a

thg egcopwenyingdwingsof a small part of an array of
Menj et TM printing el ements; Figure 19 is a series of
ers ective views |Ilustrat|ng the operating cycle of
CRIPVION/ QR ORAWINGEBent shown in Figure 13;
Fl gurf&efzﬂed auﬁotnaféﬂmtmaﬁs o @ isfenflos Wl how &8 raenhbat, by way
a pagew dth M nthead; Figure 21 is a
Oféienéwatm&eww Qﬂly, aw@sréfer@p@@stha a%gmmmgrdrawga i Which:
is a schematic view of a printer class diagram
Figyrg ddea s@ematiqofscthe relationship berwgen a sqsenle printed netbaggandits online
LEotf: is a schematic view of an application class
mlé&% dﬁ% Flgure 25 is a schenatlc view of a docunent

page t|o a re 26 1 .
w8 RSB B S B B et solpdygin «
nefpaggpaekervér il Lnelphgt Spplicatiditsdaidrc vi ew of a term nal

el ement specialization class diagram
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 Sa is a plan view showing a structure of a netpage tag;
Figure 5b is a plan view showing a relationship between a set of the tags shown in Figure 5a

and a field of view of a netpage sensing device in the form of a netpage pen;
Figure 6a is a plan view showing an alternative structure of a netpage tag;

Figure 6b is a plan view showing a relationship between a set of the tags shown in Figure 6a

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

- Figure 6¢ is a plan view showmg an arrangement of nine of the tags shown in Figure 6a

where targets are shared between adjacent tags;



Figure 28 is a schematic view of a static el ement

speci alization class diagram Figure 29 is a
schematic view of a hyperlink elenment class diagram
Figure 30 is a schematic view of a hyperlink el enent
speci ali zation class diagramé- Figure 31 is a
schematic view of a hyperlinked group class di agram
Figure 32 is a schematic view of a formclass di agram
ure. 33 js a schematic view of a digital ink class

i

Figiuig,§ 3 plep ey skpwisg thedeteesaingan telption of tei symols of the four
e eguier gp a op of iy

GO of WG Jof OB " 1 AP0 ase i agram

schemat| C VI

| | 5 mati c vi f a text field cl
Flgi ! & o ofE 5 Radoriieiingndoasidite Sl g ur o
FIEAA is RS o bR PRATEE Ren gl 5 Siacined Facenang BRd-of view

cddeowchart of one step of the flowchart of Figure 38;
Figure 39 is a schematic view of a page server command

RGP SRS LA AT e b Sedlhd i TR o
. f] ' f, a f it list . .cl di .
FilR N Perta e Boe O TiA 50 cortiotés B Jnd ¥y ghown in
Figu@ggamd 9; Figure 43 is a schematic view of a -

subscription delivery protocol; Figure 44 is a

Figerea iy 4 SeriieBivedfic® olY RN InhdhtdigRiRsd pisdt@ss di agram
Figure 45 i's a schematic view of a hyperlink _
Figk 1Y & d BtidH @EREA e ledhth of thd Hétgaé:q:ﬂnfer%fﬁ tic
view of a form subm ssion protocol;” Figure 47 is a
; +d Go W f B LOFES SO 0 : .
FRROATE S o VhRlhed peRiTHRRICT BRUARE BRRROEOp duplescd prin

enginckyes ghedaving] agserablgymbol ;  Figure 49 is a schematic
view of a ring A and B synbol allocation scheng; ‘

Fighirg) 10 B axitdiled eiewcdtan@ink Cartli@w, ik, &r ind Sllie pdthRY akhd Rt ehlines of
synmbol allocation scheme; Figure 51 is a schematic

the femRpes prgferf Figtes Tiapdd2ind D symbol al | ocat i on

,schF ; igure 52 is a schematic view of a triangular
Figure, J&Eaac 1atie; hlopkediaggam of g ppates pentiollgploy thepetpgaprinter shown
in FigaRahegkoy, Figure 54 is a perspective view of an

i Cosahedral geodesic with frequency 3; Figure 55 is a

Figﬁ@%tai Cheth&iy ﬁ&eﬂi‘%ﬁh%ﬁhﬁ%&ﬁﬁ ieﬂghg controllers and Memje{™

printheads associated with the printer controller shown in Figure 14;

Figure 16 is a schematic block diagram of the print cngiﬁe controller shown in Figures 14
and 15;

Figure 17 is a perspective view of a single Memjet™ printing elemenf, as used in, for
example, the netpage printer of Figures 10 to 12;

Figure 18 is a perspective view of a small part of an array of Memjet™ printing elements;
Figure 19 is a series of perspective views illustrating the operating cycle of the I\{I;..amjetTM
' 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 56 is a schematic view of a m ninumtag spacing
whi ch avoids overlap; Figure 57 is.a schematic view
of a first tag insertion case; Figure 58 is a
schematic view of a second tag insertion case; Figure
59 is a schematic view of a+third tag insertion case;
Figure 60 is a schematic view of a fourth tag
insertion case; Figure 61 is a schematic view of a pen
orientation relative to a surface; Figure 62 is a
Figuree2@ais iaschematic wiewsofagminger clabs djegami ry; Figure 63 is a
schematic view of a pen roll geonetry; Figure 64 is a
Fime2fais iaccheinatic efewaofagren clasy diagratne space showi ng

physi cal and optical axes of a pen; Figure 65 is a
FERRelBik b schéhue Ofewdofat bpglitatiobclgedimtany; Figure 66 is
a schematic view of an iInteraction between sanpling
FiguRn5E0 G ¥clRfftié dBw JTaQIb@A&H andhapedescPiptibs classdidedmy | C
view of a pen optical path; Figure 68 is a flowhart

F%%Eeazﬁg L OMRMEAP kel dd8hdid Bhd AR ow'ﬁie&ﬁirp%lég diaBrafh; o

ematic view of a raw digital ink class diagram
Flegf s dRichode V39, o AR Bloin B NGn DR H
PR SRR Pl of § P SistentspeflpiAbat B bRl
G e R B SE rpDed b0 7

Figure 75 is a table containing equations nuynbered 42
Figyre £9).1s a pshematic vigwiof a hypesinleelgpant sperialigation ciiss dipgram;
nunmbered 45 to 47, Figure 77 is a_ table containing
Figerg 3l iivmschamaticeyied of g hyperlinked groug gfass ¢iggiagia t abl e
cont ai ni ng equations nunbered 52 to 54; Figure 79 is
Figure 3Blisa srbematiawieny of g i ddass dingrdstsr ed 55 to 57;
Figure 80 is a table containing equations nunbered 58
Figare 39 js a feheruate \Bdw iof a digitalihk classndiagraming equat i ons
nunbered 60 to 63; Figure 82 is a table containing
Figera &t isomschemativeview 064 fitld clefnent specialization class diagram;

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

Figure 36 is a schematic view of a text field class diagram;

Figure 37 is a schematic view of a signature field class diagram;

Figure 38 is a ﬂowghart of an input processing algdrithm;

Figure 38a is a detailed flowchart of one step of the flowchart of Figure 38;
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 qlasé ﬁiagrazn;

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



Figure 83 is a table containing equations nunbered 75
to. 86; Figure 84 is a table containing equations
nunbered 87 to 99; Figure 85 is a table containing
equations nunbered 100 to 111; Figure 86 is a table
cont ai ni ng equations nunbere8-112 to 120; Figure 87
is a table containing equations nunbered 121 to 129;
Figure 88 is a table containing a set of degenerate
fornms of equations 64 to 71; Figure 89 is a first part
FighreaiGtinp sebenatin vewiohy fumrmbmissies peateroSpeci al  handl i ng
for zero pitch and zero roll; and Figure 90 is the
Figeeailds psuhtmatic titve of abdmmiskioRipgyment @0CDETAI LED
DESCRI PTI ON OF PREFERRED AND OTHER EMBODI MENTS Not e:
Fi%ﬁlé]'@tiﬁ' Mdhsmatid view of ieatlof nitliabivedges making vRasgmbelh Pt y
td, Australia. In the preferred enbodi nent, the
Fibhéeotii #fhbhaticOnéw 904 8z And® dynmitol flldcitidnehqprge
net wor ked conputer system a detailed overview of

Fié@ligr%g i§ PLdneWRrc ibw WEL hrs?ﬁn@@%&@ f’}hlﬂﬂl élf%caﬂ&ﬁ%bhelﬁﬁﬁ;

I npl ementation w necessarily enbody all or

Figue'}1 ?P?%chg%?ﬁme»@ BeE %Jc.bﬁd i %‘@H{lg sggﬂole&ﬂfo%in‘%%me;

I'SCusse ow'Irn relation sic system
.Ho er he syste LS ribed.-in its nost conplete
F W\réﬁﬁf%d ?ci‘gﬂ%téy ?ﬁ%%@k&ng@% %%(?aecglr?gr ref erence when
,attgrrpti ng to.under s} and tag context in which the
Figure5d 1% i R PSR ARP %ﬁ%ﬂ:ts of the present

dgnvention operate. In brie mafy, tl r ef erred
Flwpémam@e%ieaaeg‘éog%wﬁf%ﬁ%g&?@'ﬁ %‘Efﬁb%t‘%‘fcﬂ
interface in the formof a mapped surface, that is, a
Figitrg §5 dsea schematisodewAf £ MINPHILRHE2NEY er ences to a map
- _of the surface maintained in a conputer system The
Figurp 56 i aschernatis viem of pminjuam tagispsging whighswoids pxgrlers
sensi ng devi ce. Dependi ng upon the specific
Figurp 5@ iserschemasiv, view b fisptag éfsertionsass; may be encoded
visibly or invisibly, and defined in such a way that a
Fignoe &8 isqusehgmatic vidweofmszperd taginsertion yése] ds an
unanbi guous map reference both within the map and.
FigAf® 89 isti schemaictviewapia third eagdoseptiinerasg yst em can contai n
I nformati on about features on the mapped surface, and
Figuté B0 isnf solieimdticatewcafn foarth edgrinsentient dasssed on nmap
ref erences supplied by a sensing device used with the
FigimepE asdhidnaie vichhef 4 pehetieattianreldtive to 4 srfacgved can
take the formof actions which are initiated by the

FiaREB2 sl schansdiie Micdnofagiealpitch géonidisy; operator in response
o the operator's interaction with the surface

FiguR@3'{s@Schematic view of a pen roll geometry;

Figure 64 is a schematic view of a pen coordinate space showing physical and optical axes
of a pen; |
Figure 65 is a schematic vieﬁv of a curved nib geometry;
Figure 66 is a schematic view of an interaction between sampling frequency and tag
frequency;

Figure 67 is a schematic view of a pen optical path;
Figufe 68 is a flowchart of 2 stroke capture algorithm; and

Figure 69 is a schematic view of a raw digital ink class diagram.



Inits preferred form the netpage systemrelies on
the production of, and human interaction wth,

net pages. These are pages of text, graphics and inmges
printed on ordinary paper, but which work |ike
interactive web pages. Inforfmation is encoded on each
page usi-ng ink which is substantially invisible to

t he unai ded human eye. The ink, however, and thereby
the coded data, can be sensed by an optically imaging
Figere Hrisla tabkerconiairtimglequatians eumherepd¢e 1€y st em Substrat es
ot her than paper may be used. The encoded i nformation

Figlirel 165 a RbRf®hfaftheaaatbingatinbersd ahtd 20;r ar ed absorptive
ink and so an infrared sensitive optical sensor may

Fifre286la tabfe B Atk nRYE®DUtd26; MY be used or
Sensi ng techni ques other than optical sensing; one

Fi ef3ri§%.faﬁﬁégﬁtfag1?}%’éqﬁaﬁﬁgﬁﬁﬁlb&eﬁﬁkﬁaﬁ‘d sensors. In

e preferre active buttons and hyperliriks on

PR e P P i AR bR TP 2 or e or ences

orma or to signal
to net k erver. In ' t, text witten
ﬁgy%ﬁéﬁ%a@ﬁﬁgmHéyﬁgaguW§mgﬁ@%ﬁéﬁ?ggF vy ’'recogni zed and
converted to conputer text in-t efpage system
Figyre § 'lﬁﬁwpgﬁﬁgwgg“go@“?qqnf QW“FWJ ??1 t5 4)7? her enbodi ments,

Signatures recorded on, a netpa re.automatically
Figuse 7/ jissatablg| cOBGNG O FRFPE A4t | ons to be
securely authorjized. 11 As illustrated in Figure 1, a
Figire (78 éeg tablesarfainingeqnatioap pwghered 82 19341 acti ve form
which can be filled in by the user both physically, on
Figure 7B mtabld copfaiging egnationenambereh ST IN" . via
conmuni cati on between the pen and the netpage system
Figilre 86 ksantgble cetainingzequatiRusoasbered 8% 0 ¥hnt ai ni ng nane
and address fields and a submt button. The netpage
Figuaa 81 & stabit cortasinmgequiioas Aupbéred 6@ltolss; ng vi si bl e i nk,
and coded data 3 printed as a collection of tags 4
Figtit 8 is axuble chiltgininglequations manbeeh&hidi Hg page
description 5, stored on the netpage network,

Fi£l86 83 ishasblé benthinlig\eyelitiohs pirebeeat 25 f86; he net page. |In
particular it -describes the type and spatial extent
Fi%i@ B&)s aahble aeainidgRG@tiony purbeeds 0o(99; . text field or

utton in the exanple), to allow the netpage system
Fige 89 isTaa681¢ YortahRERAGIHohMithbered1 00 108t page. The
subm+t button 6, Tor exanple, has a zone 7 which

i ihi eqiAbhPhurfddr&N11206 1202
Iﬁ%%é?i?g%ﬂg?ﬁ%ﬁgﬁgghic 8. As illustrated in Figure 2,

i L ih f which i
Flélﬁtgazg zﬁﬂﬁggc&ﬁﬁnﬂlgéq%aﬁigﬂsr Sl d:&01 F106 29 Ichis

I gures 9 and described in nore det ai

Fi%gél,gg\'ﬁas r?\/@ﬂ% éoﬂtﬁ{uﬁg QJSMHE%BMet Br:As HEdqRANRs 6REd TEer -A

erne onnected printing appliance for

. Fléﬁ%@ s ﬁxlspﬁar%f {BBle! Ontdnfng Jdiitions and special handling for zero pitch

and zero roll; and

Figure 90 is the sécond part of the table of Figure 89.
DETAILED DESCRIPTION OF PREFERRED AND OTHER EMBODIMENTS
' Note: Memjet™ is a trade mark of Silverbrook Research Pty Ltd, Australia.

In the preferred embodiment, the invention is configured to work with the netpage

networked computer system, a detailed overview of which follows. It will be appreciated



pen is wireless and communi cates securely with the
netpage printer via a short-range radio link 9. If
desired the pen nay be connected to the system
utilizing wires or an infrared transmtter, although
both alternatives limt usabldity. The netpage printer
601, a preferred. formof which is shown in Figures 11
to 13 and described in nore detail below, is able to
deliver, periodically or on demand, personalized

thab wmebeyssy émplemgrtationewill seressaglysembadycHlipe svaimositaidhe specific

ubl i cations |l printed at.nhi ual it
P PSR v o E MRl slfiayeve. e svsem
iN@dsBRGR R kNidkt tonfdte faRPhd dduCe WY SdedCon eRemal poference when
exanple, wall-nmounted adjacent to an area where

! t he
attmming do undsyssandshe ponsext sowkighihs preferend qabadiments gidpasiects of the
p Eéﬂ?ﬂh%ﬁmadﬁg@%ra?& breakfast table, or near t heI Calso

ouseho point of departure for the day.

conmes_in.tabl et op,. deskt op,. portabl e and 1 N e

vers: BhBierpmREh S el eh et b R s oo LBl computer
iRy IR Ithe PorfPBDiaNRaffee ReEEs; Ahat Uis£a Ghysiadledurfadd Whichh@ntains

tineliness and interactivity of an interactive nmedi um

referencapiarg mep of theisusfape meintainedtina gempeter system; hhemap feferences can
w2 B F 34500 B SIS0, pmcmnin
thie A Rfekdndes Ay Be end@dpdgisibpy dmnineisibly] kad defimidein sGila way that a

loggl higey ot the Muappad ot BEPE;’? S B YQ&& a‘ﬁpnet efbenbe Hoth within the

m% Tl " 2B Ciffereht) ﬁTa?QQ'?hé ‘é&ﬁgﬁters Sflin Raft YohBHPAIESHMAon about
messafe to applfcation conput'er software running

featnrea anethpayapped pluifaes iand ssely wdforni@ion Tdas beasiriaveditbased on map

erver r ibn turn send a res se which is i nted on
refernces 1BPHRd P A TP Fehce DFL™ HB A ARePPed Syt e faffimation thus
refeR0&d SRnak! the MMM IGRAVBWIREH ark Mhitidted BY ﬂfe%ﬁ%dter system on behalf
enbodi ment by being used in conjunction wt
~ of fthaytpersiardairaspense &1 e PPEAET himisracion ity thepurfagefiursas ed
inkjet (MenjetTM printers. In the. preferred forth of
t hi s Indisinrefemerd, form; Sleancipea¢ sysking relicp e dhayprgduction of, and human

imgxlaggérg%ﬂil ir}eﬁzﬁgn%sit g‘ﬁésg gré &Fg%%q?%{? plﬂI:J Qfdgﬁlkga%& ptriﬂted on ordinary

consuners. prefe a netpa
papeth butcwhich rwdtla dike Hetepabtped well pagear bifdreration i< sncoflechon each page

traditiopal ine, h t of .. . -
ushug it bR Sy GRS JRGaLE g0 Pk et B o5k The ink g and
thetétiiehe codt@Uidth, CRYBE B&ised 8y af 3pHcallg\iligink Pon ARE transmitted to the

confortabl e handl i ng. The net pagé printer exploits the,
neipagayntgma Subdteatsis (othey theh teperanaiabelusedt The ercodedmfaymation in the

| . - . 9 = ‘
rSBRETEUPER b SRR IR ORI Bl USSRl ot pica
serisoomdp e dsednIfaiesiedd atharesavelengtht magdy waehod shiisg teoliHQiés other

of these., The net page . . .
than optical sensing; one a‘ft agve is to use magnetic inks and sensors.

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

commerce transactions to be securely authorized.



printer can al so operate with sl ower connections, but
either wwth | onger delivery tinmes or |ower inmage
quality or both. Indeed, the netpage system can be
enabl ed using existing consuner inkjet and | aser
printers, although the systdih-w |l operate nore slowy
and will therefore be |less acceptable froma
consuner's point of view |In other enbodinents, the

net page systemis hosted on a private intranet. In .
sti | | Apilhisiratedriro igvweni sa printed metpaag & cas yepresent & inferaqtivg form

an a _si . ter r- i < : ”»
wih Gorie 11 BRNE . S, BTl ERUAEA oy 6 clptfically”
vid %bﬂﬁﬁﬁldﬁfi&ﬁ/\%&egil‘l ethe Qehi gudr 4@ fictpagel dyvem. The example shows a

print-quality publications to netpage printers,
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erre ntation, each netpage pen has a
exanplg)) do iatiowt the inetpagd\ systens dd cbueatiyryintegret mpuioviedbe nepage. The

of _col ored_net page pens, one ,.assigned ¢ ach _n

sulfpit B0 Gnfor xtlp<Les 19mE | R setipqs o B el TREht of e

ng%ggldqg%g@ﬁgggj e wth respect to a netpage _ B
publi catiron server or application server, assum ng

that 4dfust@faiif PRRrPE Thd SetyiBt Yerd B0 a PYeférR@ oS BORKILR shown
fam |y nmenber ver, as explai ned bel ow, other

in Figares Srang Slned dewdbedin mowtdetail belows siorks/n genjpagjion yéth a netpage
. i St d wi.th .net ' ' 2
prig o0 et chociod o wbyREceDR® o0t 8 kfiLe yse. The

per® BORHEILSS and Bbrfimahi cais séeufeDWhY @ feaage plistet vialsshort-range radio
securely authorized using the net en.. The net pa

link 8¢l desiied B rear ey be sepracied torle Q@?%m g}fi}%i@g LSS 9F éﬂqg&afed
m%i&aealﬂ]%hggpcﬁg QE%BXYIJeQ uﬂmﬂfsa}{ﬁggsl y registered

signat ure, W It to aut ticate the user's

i dentd an. e-c r r : o ki i FioSreS #to 13
al so é%ﬁ%%%? P‘}“ge‘v@my &?%112"23?5?‘5 .Of verlg ?%%f !;Iglge °
and@efried e moncletdi helawgiar ghle b dadisem i pegiodigelly or et d¢mand,
- a imlar way by the netpa registrati,on server. .
peraqnal g g APAREtS, T PO B yPO BT AR o pAEficE s, ll printed
at FgF Quafify dshftefRfive Akipdp@y\I RAERE h perdbiial Gothputes the netpage printer is an
intervention, it can be configured, never to deliv

e .
applisecs Whith ean ey o example, wallimepntedradagent & ap giefWhere e fapring
nevgse{s' i 50@%13@ A GRS i{n FOReP L RSEhdnD ©8ar0d bRIRBEWABR, or near the

aut'’hori zed sodrces. n this respéect, the netpage
housétiold’e boins ofipaiteredor te day dhalse camesdn telilétop.aleskien, portable and

.which is visible
mintature versions.

Netpages printed at their point of consumption combine the ease-of-use of paper

with the timeliness and interactivity of an interactive medium.

As shown in Figure. 2, the netpage pen 101 interacts with the coded data on a
printed netpage 1 and communicates, via a short-range radio link 9, the interaction to a
netpage printer. The printer 601 sends the interactiqn to the relevant netpage page server 10

for interpretation. In appropriate circumstances, the page server sends a corresponding



to any junk mailer who knows the tel ephone nunber or

emai | address. Alternatively the entire system may be
made visible to outside users or each user may be

provided with the ability to expose their printer(s)

to outside users. This may bé2by way of selecting

outside wusers allowed too send junk mail. 1. NETPACGE
SYSTEM ARCHI TECTURE Each obj ect nodel in the systen1is
descri bed using a Unified Mdeling Language @ (UM)

meksags talippljeation comphigs softwaag nuRinggiist Beteagefapplication ggrver 13. The
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of the association line. A'generalization
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- aufqmepsdiystongbsabing BetaagenBIMERENAEOBRCAHREATT ﬁltﬁﬂcasﬁng Internet
prdt6ldI8 PersBEAMNS fiuﬂlﬁaljfﬁﬂsla}e flldey aff R¥h&fed@ccording to individual user

profiles.

A netpage printer can be configured to support any number of pens, and a-pen can
~ work with any number of netpage printers. In the preferred implementation, each netpage
pen has a unique idehtiﬁer. A ﬁousehold may have a collection of coIored‘ netpage pens, one
assigned to each member of the family. This allows each user to maintain a distinct profile
with respect to a netpage pilblicat_ion server or application server, assuming that the
assigned pen is only used by the respective family member. However, as explained below,

* other means may be used to identify a user.

A netpage pen can also be registered with a netpage registration server 11 and



paper - based user interface to published informtion
and interactive services. A netpage consists of a
printed page (or other surface region) invisibly
tagged with references to an online description of
the page. The tags may be pridted on or into the
surface of the page, may be in or on a sub-Ilayer of
the page or may be otherwi se incorporated into the
page. The online page description is maintained
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t her eby |nd|rectly identifies the page description.
Inth ref red %odlrrentsthetag also identifies

1Lits oWRTRAGEIVSIRMAIRHIECTH S e. Characteristics of .the
t ags Eam o@pstmp@eém the smm; igidesgiibedpisingp Unifigd Madeling Language

nt.ed i.n nfrared bsor
(LM) Fas scll f‘%“lf“?‘af“ e gass ‘g : p‘% i?l l/dgka g&uc I13\6‘156% ?%lgsﬁgkgmwed by
relRBhipsNaad - twaf kikie obfvvaelalcmﬁgph qraref inkréssilzre #ssodidtions and
M AT T T T A
beﬁ)?&ﬁ' ﬁétéﬁ%est & éleﬂ?esr gl %%héﬁiﬁ’za%ﬂ SAIRBOL D ClayRy, @he g &Sunderstood

used, 1n whi case no filters are

mﬂer@ilomge#aa'mﬁa@asnmﬂhb@m ofas thwsgtwfgﬂwbmﬁa,ogﬂ@t class and class
bst b
A Fipd) 2‘&@6"’3‘8?"??}"%33% G&B* S N e A

enco d. b |s t s
syst 21% Yaésf ﬂl’gf %&lﬁh% g%&ggf TB&? |gn s, It contains a
list fthe Qﬂnbt&eé%ﬂtﬁé fss, aa@draesar&mﬁ itleceian®: tyl 4 lmdzhetahbttep agba list of

rinter via a short-range ) . . .
thepoperations of the class, separated gom the attribute list by a horizontal line. In the class

diagrams which follow, however, operations are never modeled.

An association is drawn as a line joining two classes, optionally labeled at either
end with the .multiplicity of the association. The defanlt multiplicity is one. An asterisk *)
indicates a multiplicity of “many”, i.e. zero or more. Each association is optionally labeled
with its name, and is also optionally labeled at either end with the role of the corresponding

class. An open diamond indicates an aggregation association (“is-part-of”), and is drawn at



radio link. Tags are sufficiently small and densely
arranged that the pen can reliably image at |east one
tag even on a single click on the page. It is
i mportant that the pen recognize the tag and extract
the page I D and position on-®\ery interaction with the
page, since the interaction is stateless. Tags are
error-correctably encoded to nmake them partially
tolerant to surface damage. The net page page server
theaggregatorend ofithe gssociptgelinenst ance for each printed
netpage, allowing it to maintain a distinct set of _
user - AuRRptrakhtivia kelstbonbldp (Tiswplitis fdrardss @ solidHine joiaige two classes,
description for each printed nefpage. .The relationship
wisk e (ndhe o olEertaae) ¥ 1B epesuiiet Site. “anc
the printed netpage is shown in Figure 4. In thel hich i
pr ef eWhen acressdlisgam is Heoken @ intsTuiple fiaeamstpy,piasy which 1s
avth.bath the . pet bt ' i | Whigh Gefires it. It is
R P b e S

shoa et driblies bile wirrdit sglefified he i nvention in its basic
formthat the page instance be associated with either
t he netpage printer which printed the corresponding

1.Ahysi RetpaGRge or the netpage user who requested it or

for om t he ' .ori 3 The? plovid
Tag DR Aroa SplRId AT RS el e . They prbvide o
pélpslelsu;séd i1RBintdacé RGhublistied imbimdtidntand prfective sarvikes.he :
ocation of that tag within the region. Atag may also
cont aArhefphga&mmis@&ra pfh®Rl pageot biker suefboregion) invisibly tegged with
or to the tag. One_ or nore flag hits may, .for. %anlpl €into the
refiregees toaan anscETRRonGRbe B7€0 THECREERY bsciipled of of into
supAd 8?%&@/ ?ﬁgé, rﬁ'adf BOGH! B0 $S QH-Ri&doMiHe pddieorl FaR Heaberwise
area o tad, wthout the sensing device having to
in¢zparatet Gnta e page. fTheoonlpk page deseripgion in rrrdutpiaed persistently by a
may, for exanple, il]Jum nate an."agtiwv ra. :
AL RRES AU ol M8y ASFITHRE CAGTRES [oeuy S Efbut i pafhé of the
paf&RhAidifg 1R gPilhids an@ Ak it bR desthibel theritput elenlents ag the page,
-16- contains an easily rec}c;igm zed invarjant s él’fot ur e
inglidiog butens, hypelinks, and tiarut ifgkis- BikiPags; 4eFerIPHORY prent netpages
-~ mdY) Hahl & n hd) dtthe associated p
) {Hoff Ghifbob€, B 3 Aot AR (O RURAL: BhdliRE assocated page
deprrimtions) dry vidiblg differeatntTheepagagiescriptipnafos eself peippgeRy include

[ d | that t | g
refrige Gose sorahsopRgaved bpuel faR B e IR ¥ nepoge
pe? B $ts surfdce kS bé ARAIthRBEsY biptured endpocessalignthe retpige spsige.

D and position on every interaction with the page,
Si ncavihififple fYuedS bdrOdhateSthe @ pags 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 all netpages
envisaged to be used in the environment of use. If the environment is small- then the
precision need not be as great as where the environment is large. '

. Rach reference to the page description is encoded in a printed tag. The fag
identifies the unique page on which it appears, and thereby indirectly identifies the page
~ description. In the preferred embodiments the tag also identifies its own position on the

page. Characteristics of the tags are described in more detail below.

Tags are printed in infrared-absorptive ink on any substrate which is infrared-



In a preferred enbodi nent, the region to which a tag
refers coincides with an entire page, and the region

I D encoded in the tag is therefore synonynous with the
page ID of the page on which the tag appears. In

ot her enbodi nents, the regienSto which a tag refers
can be an arbitrary subregion of a page or other
surface. For. exanple, it can coincide with the zone
of an interactive element, in which case the re%ion I D

refleRtive, puchias prdiresy; parey. Neserinfiarpdoyayelongts atedmufible teficrhuman eye
bh o' ARt Blnsert 63" Qi Sab® kel seblor Wl é\lg’agﬁi)grl.ia%gﬁtelg.qx sensor

egl on
sésiivaitonhe selabciwaveleh @l ofl @asdléngtinfmdybensed, s whick ciseeb filters are
a 16-bit tag I D _ supports a region size of up to 1024
regied- Other grarelengths way be wsgiharith ParPPEateripit@tes and sensors.
continuously w thout increasing the tag I D precision

si npl Y g insshsrg byban arenignage genspsingheinetpagspen;Tdesoded arid the data

di st ; b : q )

ofsgBt 0t ik ot o 8 s el Vd the TR Chetpage

pERBC dhe Hed iPwirtlesd ARt doian@asatdiewitlo ffel keI phifitedl via a short-range
unique tag ID.. Conversely, it may al so be
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ragiy it g art bifipien iyl and Rpealy armiriged thah ey peg opDIeliEbly image
f] c ' f .

(R0 Blcind Suonidfd it PRCr e g 35 BAFRES R 16 B8 foBfmize the
tagy gdnﬂldx?'ﬁctgﬁlé Ipageo M) aﬁ'tif;lfoeiﬁeﬁtom e@'t}oﬁfterhﬁidm;vithithuphge, since the
.identified. Tags may al so contain e informati,on,
intgraptign rse%&t%!w%gs 5 wg—ggﬁe%%mmgo dpake dpeny aﬁﬂal?y tolerant to
stﬁ%@@&ma?@.r exanple, a region may be tagged with one

set of {ags encoding x coordi nates and anot her set,

i nter i flpsSt . € [jag c ' e R
1 i T L8l bk, bofer” infhfansC AR B pde AR OBt prtted
nefpage,ialpwing intymiietaios distinct lsetsif usdrespplissit valies ¢ori ibput fields in the
adegendi no%fon tgne .en i ronment in which the system wll
PagR URRSTiRfon {Or,ea50 PUICRRERAgE 0 0 di ng I n one enbodi nent _
each tag contajns 120 bits of information.. The 120, . ]
or e TR SeGRonRin Sertea the s desteIRioR 6 JORE IRSRge: 4 thg printed
nefphgdRaHoWR O FRireL DAR thel Preferitl RS didfeRt BRGREE thstaRbd 8 associated
consisting of 6 codewords of 15 4-bit synbols each.

with boththe 1®jpage dinggr| whish upsinted B andy ib knowny Besnetpaggeuser who
. SR RS S ;

- roGBREEfIFR RPEssEARRUNLS woifly ot e iRphBRrthaR a0l fim st the page

instanbe the agsdeited withegithes €t pelpage @rirmeratwhizh | pyrintsh threecttrresponding

in the tag, dt J f th [ dewo.
Pyl ik oF e othaeS T M FORAEH B BF SPTe PG B HEaIds
that a burst error (an error affecting nultiple
1-z_,spat i@lrLXGEaﬂ\ggent bits) damages a m ni num nunber

v O

1.21 Tag Data Content
In a preferred form, each tag identifies the region in which it appears, and the

location of that tag within the region. A tag fnay also contain flags which relate to the
region as a whole or to the tag. One or more flag bits may, for example, signal a tag sensing
device to provide feedback indicative of a function associated with the immediate area of
the tag, without the sensing device having to refer to a description of the region. A netpage

pen may, for example, illuminate an “active area” LED when in the zone of a hyperlink.

As will be more clearly explained below, in a preferred embodiment, each tag



of synmbols overall and a m ni mum nunber of synbols in
any one codeword, thus maxim zing the likelihood that
the burst error can be fully corrected. Any suitable
error-correcting code code can be used in place of a
(15, 5) Reed- Sol onpbn code, -f®r exanpl e a Reed- Sol onpn
code with nore or |ess redundancy, with the sane or '
di fferent synbol and codeword sizes; another bl ock
code; or a different kind of code, such_ as

cainino Ay eastiy Jrecagpired (masantt Hrucke whick, aidy @&iﬂé%e@cﬁom and which-
H k . ; . . . .
oS il e BREDRL ot BB b b e o g the senig

prooidt ETHe tagf préfitably tde gy eitlte ipags)r4pdrasd etfibigntly small and densely
cross-reference). 1.2, 3 Physical Tag Structure The

arpmged that the pen easglishly bregsrat tagg ang éag <vER AR 2isinels Jigk en the page.

SRR (M 3ESRhize e} 1) 0 fiditichion Yy Afrction with the
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or i entnad ipfflerrddedmabidditBerdt Othie e gisR A6 GrhichTh @aglRdféts *biddides with an
contain representations of the individual bits of the

endiFopAgecAnddbe traton [IDwrgcedediie the tag isfbereforsypetpmnys sithdhe page ID
IS, r 0 i f
of f\EpleR Bp xPidh ¢ B Gl FLOBI U w3 whiph Sueroters
canibehn aridiraystietgion oflbhfe ek dther shifacet RorSexamply, ittdan Boihbide with
i G SE R i e ot el 8t e
infeRRtivd dah&d by adjacent tags, it only adds 16 dots to
the effective dianmeter of the tag. The tag includes

SI X Ul Helo Shichf Hrfsns 15 ﬁ‘%‘st §€4LEIB, 4! lﬁ&t 88 bk #ﬁ\‘\%i&nhﬁ), and a
sensing device to Initially detect the tag. e ring
nuinberaSiagtbits.detseminghanaumeni thg densitpb 4 poratibaye inok,ar iGabit tag ID
- and because a sinple correction, of its aspect rati%
SUPRRS Vb SOBHIL 61 0% R 1 HGA( S0U8% ingigss @EaeF egions can be mapped

coftintlo@ly m@RoutAfcredsifthe tdgoi petiSion Rindly BYSisinB ALSERAS ké¥ions and

device to determ ne the approxinmate planar '
magp.i et distingtioobetypan 2 eegicau® ang 3 g M dsvmostly ere efcqegwamience. For
mejf et Mo BrBlinTo L8 «PY SAF o PiteRupa® Rl Bpigne e 0.
Cosensily; gf miewalecebe camveniéerio ariroglocastacrd ingo G taglEl, doradxample to

aeiROE ¥ SotrfiBE: B B Biso O U aRA R ARRRE 2 R EHY §fsand
trillie@ ilBbAY divRreh® rdgidhsSto rli?eoﬁniqﬁélt identiged. Bdgh URdy RS cORdin type

. redundantly large to inprove their immnity to noise. .
information and piregienymay hp tageed with @anizfure ofipg tpep FF exgmple, 2 region

ma?gp %ﬁéd M Ghe sgett1 BPQES e&gaﬁﬁl cobffhates and another set, interleaved with
the first, encoding y coordinates. It will be appreciated the region ID and tag ID precision

may be more or less than just described depending on the environment in which the system’

will be used.

1.22 Tag Data Encoding
In one embodiment each tag contains 120 bits of information. The 120 bits of tag

data are redundantly encoded using a (15, 5) Reed-Solomon code. This yields 360 encoded
bits consisting of 6 codewords of 15 4-bit symbols each. The (15, 5) code allows up to 5

symbol errors to be corrected per codeword, i.e. it is tolerant of a symbol error rate of up to



packing on an irregular triangular grid, such as is
required to tile an arbitrary non-planar surface. The
tags may, however, be arranged at the apexes of any
pol ygon having n apexes, where n ranges from3 to
infinity, as desired. In condi-nation with the circular
detection ring 15, this nakes a circul ar arrangenent
of data bits within the tag optimal. As shown in
Figure 48, to maxim ze its size, each data bit is

33%pereodeward. by a radial wedge 510 in the formof an
area bounded by two radial lines 512, a radially inner
ar c SEdchafbit symbliiairdpyesentbdiin aapmaﬂjz&oh&atthwayeidghe Bgpand the
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t 18 of 10, best
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cofif et b ¢ SAFvAFhLFEHE GF%, B BERDH Sterhdh, BY Sk ot Control
Sybtems $6Digita CviafichicaBbh and StofRBIRERdesHAS 19956the eeems 8Swhich

or .their data synbols may be utilized. The’ physi cal

a heggjnpincopprated by crdssrefereneed shape and/ or arrangenent of
data synbols wthin each tag are nor essential to the
wor king of the invention. It is nerely necessary that

1.24ch ﬂ'ﬁ@"iﬁﬂ&@ﬂes‘&wr%l ent information for the
i nt ermheqahya&l raﬂaesenﬁ@ozofsf thecbig) khib @it mrFlgdaes irehides fixed target
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structures are descrl bed 1in US Patents 5, 625, 4

rel8ivega thosens®; Ihg dga 2rean qoBaigTepreSNtatians| ot mleIdual bits of the
on PCT/ US98/ 20597, the contents of each of
enc\%ﬁp ﬁggée i ncorporated herein by reference. In order

to s single-cli interactio t.agged
Fegi SR ke fralR i Eprofiiiona e it i st Bk Hgseass
dotR eWREH Sriridl £ 960Pdotd FAIhchARB yRIMS 4 @g Wi o d'laxhét@r dfiaBul 4Ghm. At
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thisorepelption theriag ifedesigned iy belsurreunded by s iquies geag” of iradius 16 dots.
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The tag includes six target structures. A detection ring 15 allows the sensing
dewce to initially detect the tag. 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. An 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. Four perspective targets 17 allow the sensing device

- to infer an accurate two-dimensional perspective transform of the tag and hence an accurate



Assuming a circular tag shape, the m ni num di aneter of

the sensor field of view is obtained when the tags

are tiled on a equilateral triangular grid, as shown

in Figure 6. . 1.2.4 Tag | mage Processi ng and Decodi ng

The tag i mage processi ng andi8lecodi ng of a tag of

figure 5 perforned by a sensing device such as the

net page pen is shomn in Figure 7. Wiile a captured

i mage i s being uired fromthe i mage sensor, the
m%lsmaigvemb@n riepiajen phtheltag selaliveda theaensen) . The

center of the range is then chosen as the binary

t hr esl#dl drgebstructugesi anagdurRtantlyl aegeitoriguovestheir framunity to noise.

t hreshol ded and segnented into connected pixel regions
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FI%H 4, %‘%axfrﬁi&é‘fth QiZe, chOIE dath 'BEt 15 @é;ﬂ&%nt%& 'bg %trﬁdlﬁl \ﬂié_dgb%lo in the

first to be located (at 26). A ring
fommbafian atpa botnded by g v edial lieds|S1 %eehadeﬂy melrﬁrc 514 and a radially outer

o SI0ESh /it £30 R SRR ACE A0S abtoon dpjand is designed

sesthaps baseieNitsSinnéNge 514y isaclent equalies thisaiBifium &hﬁnsmn The
normal i zed the ri 8 is easy to recognize even if th
|1

ragis} beighttafihe WedgedhlPibaviagsequal tgiihe ménimum divension, @aeh 4-bit data
syﬁ{HO? is'}&lres%ﬁd%& %} aft g‘ﬂ‘ 8; faotf?gg v%&gets%gﬁtag %ést@@%%s ?n%lgge 48,

pr o0X Spect| Vv
The str r 6 is the xt to b
(ot Sk liﬁ it Sl iGacbot B s o iE bk e fliopET e four
coﬁ@éﬂm& syhitol BiAgs 192 8A8H, HOAAEH FigedTs, rih&ntclms}ed fashlon as shown in
tation-normalizin I%Sthe resul ti ng_nonen

Flg‘é’é-‘bﬁ%l I%?Heﬁymbeﬁe?ﬁ t4p Sixtly F%ﬂwoz@oﬁ%‘)rfe’ﬁam §119“ﬁ1€6 @%teqngtely in

cu%@%d-r)[) gﬁ,gle,ﬂ ‘tethat one third order nonent
isr to di sanDi guate the two possible

orie | Ehe
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two lsambpls dfshesarge podesiond. eOther amvangements 06 theatddewordse@r their data
after it has had the ring's

SYW%&%E%?%%P%B%@ applied, since the perspective . '

O R S T o i Bl S
m&lﬁpéé_élzi Ict)a_rg?ére R6r &berkidProltBOwSIkinY SHlthOvertith. [t RORIYRBessary that
_each tag encode sufficient information for the intended use. The use of redundancy in the
tag is preferred but, at its basic level, not truly essential te the working of the invention. As
such other tag arrangements may be utilized. Examples of other tag structures are described

in US Patents 5,625,412, 5,661,506, 5,477,012 and 5,852,434, and PCT application

PCT/US98/20597, the contents of each of which are incorporated herein by reference.

In order to support “single-click™ interaction with a tagged region via a sensing

device, the sensing device must be able to see at least one entire tag in its field of view no

matter where in the region or at what orientation the sensing device is positioned. The

required diameter of the field of view of the sensing device is therefore a function of the



The four perspective target structures 17 are the | ast
to be located (at 30). Good estinmates of their
positions are conputed based on their known spati al
relationships to the ring and axis targets, the
aspect and rotation of the +i9rg, and the rotation of

the axis. Matching proceeds by applying the ring's
normal i zati ons to each shape's nonents. Once their
second-order nonents are nornalized the circul ar

sizeemd ppacirgaof thesnget S are easy to recogni ze, and the
target closest to each estimated position is taken as _ .
a mat gurmii}ea Gifdullirnay shapenhe mirmunf disthetef ofithe sensor field of view
perspective targets are then taken to be,th -

is pblaingd whey thedags aes ledjon @ 6%‘%!{2’?‘33 11“815“'3: githas gh°8‘P‘ i FigRre o-
size in tag space, and an ei ght-degree-of-freedom
perspective transform33 is inferred (at 32) based on
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four Tiagms RAGe paotdssinppod-depaibes ¢fai tag offigure 5 perfermed by a sensing
Heckbert, P., Fundanmental s of ,Tex%u%{vasg%r&%@nd e is béin
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ac&@i@l%@ﬁ%n@{afgg%{sgl?h%’ydggﬁtﬁgwsé‘eg%‘f whi clghér‘e hereﬁ_ ) _e
cehfe€ Of fHerrahgdis iyencelnsar asethe bimagetfrestivld fontherimege 21. The image is

R SR BRI AR Pt 1P 2
Sl%iggsl \?ﬂi@ﬁ Grd f%%rﬂaﬂaﬁere&l@%? taph@reBt sthRudréphre\tidcurddd. The size and

lon 1s used to bilinearly interpolate (at 36) the
cehipeid of edcbshante indpacumputed. xel s in the input inmage. The
previously conmputed image threshold 21 is used to
t hr esBiohry shape memehts 250are fhesdemeputese(at 24k forifagh §hapgeand these

37. e all 360 data,bit.s 37 ' i b
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thG PR K\ ariast STPESIE6HE ahdcarBB edsily iadd thvaflard of swibedadpittgatio and

39, or 120 decdded bits in total. Note that the
rogtioewor d synbols are sanpled in codeword order, so

that codewords are inplicitly de-interleaved durin
t he SHwpting garpstotecire AS indhe figyide b&b’@?@?‘? {(#e? hﬁsﬁ’g%Pas the
tag struct ur | bsvdi@ibioRed MhtcEhg ptRReeds b

adf’ﬂga en‘i/#e{)r?t"}goﬁergngﬂc? ﬁ&fﬁ%ﬁ%ﬁ@%ﬁ%ﬁ%ﬁ%gﬁ ments of_ gezgch e

aspeRgnomalittg 496 dotatidn-virhalitieg eanhdbrpt DuWmentst Onpreits second-order

process for yecqgnizi.ng and _decadi ng .t ' . 1 Qs
miThe W6 SOTFRIZAL I Mgt SUS KRR lfﬁs‘r%%x;%c?‘?%?%ﬁwn was
igifiddft UiRe QlingtdCord a&ﬁ dthend Yrotation URE dtofether provide a useful
SIg’rﬁe{glundantly ng{enco Ing t Z data. The ring target 15 is

. appmokimation gfi theiperspedtiyp HeeHdod: t he | mage whose
relationship to the image guarantees that the ring,
i f f Glhedxisitargpistmuctute 16 isdhgmeat to hedgeated (aa?-%)ow&@{f@ aggeds by

o B o oSS SR, st Ao e
resulting moments. Once its second-order moments are normalized the axis target is easily.
recogrﬁze¢ Note that one tlurd order moment is required to disambiguate the two possible
orientations of the axis. The shape is deliberatély skewed to one side to make this possible.
Note also that it is only possible to rotation-normalize the axis target after it has had the
ring’s nﬁnnalizations applied, since the perspective distortion can hide the axis target’s

axis. The axis target’s original rotation provides a useful approximation of the tag’s rotation

due to pen yaw 29.



G ven adequate processing power and ideally a
non-mnimal -field of view 193, an -21- alternative
strategy i nvol ves seeking another tag in the current

i mage. The obtained tag data indicates the identity of
the region containing the t&k9-and the position of the
tag within the region. An accurate position 35 of the
pen nib in the region, as well as the overall
orientation 35 of the pen, is then inferred (at
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four codewords are interleaved spatially within the

tag tOnce@X360 data bieshT heveeeh @bhainedtin Gris vy, cach of hengx 60-bit
a 16-bit tag I D as _before his all r.egl | D0
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codesendbhre impligey de-inTanlesves| duping thesgmpling proqese
perspective targets therefore allow detection of the .
tag, Aomentidneéabdvay thepbysisabtagstructure or encoding system is not essential

to the invention and other physical arrangements of each tag may be used. It will be
understood that the process for recognizing and decoding the tag image to refrieve the data
encoded depends on the physical structure of the tag and the system used for redundantly

encoding the data.

The ring target 15 is only sought in a subarea of the image whose relationship to
the image guarantees that the ring, if found, is part of a complete tag. If a complete tag is

not found and successfully decoded, then no pen position is recorded for the current frame.

Given adequate processing power and ideally a non-minimal field of view 193, an



requi red. Tag image processing proceeds as descri bed

in section 1.2.4 above, with the exception that steps

26 and 28 are omitted. -22- Although the tag nay

contain an orientation feature to allow

di sanbi guati on. of the four qmssible orientations of

the tag relative to the sensor, it is also possible to

enbed orientation data in the tag data. For exanple,

the four codewords can be arranged so that each tag
alierating sttategy invoineaseekingrpotbertegbry the plreppbimage. t hat

orientation, as shown in Figure  6d, where each synbol
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eren t val ues (see Anoto Technol ogy

Descyi pt i : I daied -
Do ch A 30 A 5o od810% id o g AL BBty ncod
to gredce 2hathoodedBbits. The faf eodewords are interleaved spatially within the tag to

maximize resilience to burst errors. Assuming a 16-bit tag ID as before, this allows a region

ID of up to 92 bits.

The data-bearing dots 48 of the tag are designed to not overlap their neighbors, so
that groups of tags cannot produce structures which resemble targets. This also saves ink.
The perspective targets therefore allow detection of the tag, so further targets are not
required. Tag image processing proceeds as described in section 1.2.4 above, with the
exception that steps 26 and 28 are omitted. ' '



Before the tag ID and the tag-relative pen | ocation
can be translated into an absolute |ocation within
the tagged region, the location of the tag within the
region nust be known.. This is given by a tag map, a
- function which maps each tag22D in a tagged region to
.a corresponding |ocation. The tag nmap cl ass di agram
is shown in Figure 22, as part of the -23- netpage
printer class diagram A tag map reflects _the schene,
used dthbughethe teg nsayrchaleia anagientation featurelg allow disampigyation of the
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1.26 TagMap
Decoding a tag results in a region ID, a tag ID, and a tag-relative pen transform.

Before the tag ID and the tag-relative pen location can be translated into an absolute
location within the tagged region, the location of the tag within the region must be' known..
This is given by a tag map, a function which maps each tag ID in a tagged region to a
corresponding location. The tag map class diagram is shown in Figure 22, as part of the



an absolute pen path. They do, however, support the

capture of a relative pen path. So long as the -

position sanpling frequency exceeds tw ce the

encountered tag frequency, the displacenent from one

-sanpl ed pen position to the2ext within a stroke can

be unanbi guously determ ned. Wth either tagging '

schenme, the tags function in cooperation with

associ ated -24- visual elenments on the netpage as user
netpagepruted okass dlagrmemt s in that a user can interact with

the printed page using an appropriate sensing device .
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An object-indicating tag contains a tag 1D which directly identifies a user interface

hY

element in the page description associated with the region. All the tags in the zone of the
user interface element idehtify the user interface element, making them all identical and
therefore indistinguishable. Object-indicating tags do not, therefore, support the capture of
an absolute pen path. They do, however, support the capture of a relative pen path. So long
as the position sampling frequency exceeds twice the encountered tag frequency, the
displacement from one sampled pen position to the next within a stroke can be

unambiguously determined.

With either tagging scheme, the tags function in cooperation w1th associated



of which consists of a set of formatted term na
el ements 835. Each fornmatted el enent has a spatia

‘extent or zone 58 on the page. This defines the active
area of input elenments such as hyperlinks and input
fields. A docunent instance-831 corresponds to a

formatted docunent 834. It consists of a set of page
i nstances 830, each of which corresponds to a page
description 5 of the formatted docunent. Each page
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NETPAGE NETWORK In a preferred enbqdi nent, ih a
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ers
description on the page servcr allows the page server to efficiently mterpret user actions on

a particular printed page.

A formatted document 834 consists of a set of formatted page descriptions 5, each
of which consists of a set of formatted terminal elements 835. Each formatted element has a
spatial extent or zone 58 on the page. This defines the active area of input elements such as
hyperlinks and input fields.

A document instance 831 corresponds to a formatted document 834. It consists of

‘a set of page instances 830, each of which corresponds to a page description 5 of the
formatted document. Fach page instance 830 describes a single unique printed netpage 1,



application servers 13, netpage publication servers
14, and netpage printers 601 connected via a network
19 such as the Internet, as shown in Figure 3. The
net page registration server I 1 is a server which
records rel ationshi ps betwee?- users, pens, printers,
applications and publications, and thereby authorizes
various network activities. It authenticates users
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1.5¢' P34t Nerpace 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 nefpage printers 601 connected

via a network 19 such as the Internet, as shown in Figure 3.

The netpage registration server 11 is a server which records relationships between
users, pens, printers, apf)lications and publications, and thereby authorizes various network
activities. It authenticates users and acts as a signing proxy on behalf of authenticat_ed users
in application transactions. It also provides handwﬁting recognition services if desired. As

described above, a netpage page server 10 maintains persistent information about page



system and prints netpage docunents on demand and vi a
~ 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 fromident2d&y and security settings
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descriptions, and expansion and printing of page
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The netpage printer 601 is an appliance which is registered with the netpage
system and prints netpage documents on demand and via subscription. Each printer has a

unique printer ID 62, and is connected to the netpage network via a network such as the
Internet, ideally via a broadband connection.

Apart from identity and security settings in non-volatile memory, the netpage
printer need not contain any 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
disuibuted netpage page servers 10, independently of particular netpage printers.

The netpage printer receives subscribed netpage documents from netpage



Al t hough such pages have nore limted functionality

than invisible R-printed pages, they are still

cl assed as netpages. A nornml netpage printer prints

net pages on sheets of paper. Mre specialized netpage
printers may print onto nore&vyspecialized surfaces,

such as gl obes or sheets of plastics. Each printer
supports at | east one surface type, and supports at

| east one tag riling schenme, and hence tag map,. for
publieitionlsefvand 4t Bavh dotinacitagdistribuBd in ti prntstis prgedlayouts, eud the

tag tiling schene actually used to pyint a.docunent.
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S6 LR af gotail in Section 6 below, with

pr?fgferencea%ﬁgolgi[agﬁ#%gsll to 16. 1.5.1 Memetr'"
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inkjet, laser  electrophot o(g!;a hi c, and ot hers.
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that a netpage printer have the foll

W n .
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offthé BhdeRdt euntaihsodupdexeet rprid asgingtintrollers 760 and print engines utilizing

Memjet™ printheads 350 for this purpose.

The printing process consists of two decoupled stages: rasterization of page
descﬁptions, and expansion and pﬁnfing of page images. The raster imagc processor (RIP)
consists of one or more standard DSPs 757 running in parallel. The duplexed print engine
coﬁtrollers consist of custom processors which expand, dither and print page images in real

time, synchronized with the operation of the printheads in the print engines.

Printers not enabled for invisible IR printing have the option to print tags using
IR -absorptive black ink, although this restricts tags to otherwise empty areas of the page.
Alﬂlough such pages have more limited functionality than invisible IR-printed pages, they

are still classed as netpages.

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

that the document’s tags can be correctly interpreted.

Figure 2 shows the netpage printer class diagram, reflecting printer‘relatcd



No currently comercially available printing
technol ogy has all of these <characteristics. To
enabl e production of printers with these
characteristics, the present applicant has invented a
new print technol ogy, refert28d to as Menjetrm
-technol ogy. Menjetrmis a drop-on-denmand i nkj et
technol ogy that incorporates pagew dth printheads
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bet wefen shultaesons doublesided PragRZ and t he '

. compact form factor

I
on

*  low power consumption

No currently commercially available printing technology has all of these

characteristics.

To enable production of printers with these characteristics, the present applicant
has invented a new print technology, referred to as Memjet™ technology. Memjet™ is a
_drop'-on—démand inkjet technology that incorporates pagewidth printheads fabricated using
_microelectromechanical systems (MEMS) technology. Figure 17 shows a single printing
element 300 of a Memjet™ printhead. The netpage wallprinter incorporates 168960



i nk channel rim 306. While printing, the printhead
CMOS circuitry distributes data fromthe print engine
controller to the correct printing el enent, |atches
the data, and buffers the data to drive the
el ectrodes 318 of the activeZdectuator beam pair 308.
This causes an electrical current to pass through the
beam pair 308 for about one mcrosecond, resulting in
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ink channel rim 306.

While printing, the. printhead CMOS circuitry distributes data from the print
engine controller to the correct printing element, latches 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 microsecond, resulting in Joule
heating. The temperature increase resulﬁng from Joule heating causes the beam pair 308 to
expand. As the passive actuator beam pair 309 is not heated, it does not expand, resulting in

a stress difference between the two beam pairs, This stress difference is partially resolved



To prevent ink 321 fromdrying, the nozzle guard is
sealed while the printer is idle. 1.6 The Netpage Pen
The active sensing device of the netpage systemis
typically a pen 101, which, wusing its enbedded
controller 134, is able to <#pture and decode IR
position tags froma page via an inmage sensor. The
i mage sensor is a solid-state device provided with an
appropriate filter to pernmt sensing at onl .
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ermnes the position and orientation of 1ts nib on
1.6 "RiPREGAYE Pen -
The active sensing device of the netpage system is fypicaﬂy a pen 101, which,

using its embedded controller 134, is able to capture and decode IR position tags from a

page via an image sensor. The image sensor is a solid-state device provided with an
appropriate filter to permit sensing at only near-infrared wavelengths. As described in more
detail below, the system is able to sense when the nib is in contact with the surface, and the
_pen is able to sense tags at a sufficient rate to capture human handwriting (i.e. at 200_ dpi or
greater and 100 Hz or faster). Information captured by the pen is encrypted and wirelessly
transmitted to the prhltef (or base siation), the printer or base station interpreting the data



imaging, in the infrared spectrum an area 193 of the
page in the vicinity of the nib. It decodes the
nearest tag and conputes the position of the nib
relative to the tag fromthe observed perspective
distortion on the inmaged tag3and the known geonetry of
the pen optics. Al though the position resolution of
the tag may be |ow, because the tag density on the
page is inversely proportional to the tag size, the
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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 pagé 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



basis for the digital exchange of draw ngs and
handwiting, for online recognition of handwiting,
and for online verification of signatures. The pen is
wireless and transmits digital ink to the netpage
printer via a short- range r3+H o link. The transmtted
digital ink is encrypted for privacy and security and
packetized for efficient transm ssion, but is always
flushed on a pen-up event to ensure, tinely andlin
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timely handling in the printer.

When the pen is out of range of a printer it buffers digital ink in internal memory,
which has a capacity of over ten minutes of continuous handwriting. When the pen is once
again within range of a printer, it transfers any buffered digital ink. The buffer may provide
more or less buffer capacity. '

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.



description to which the stroke applies, and

determ nes which el enent of the page description the
stroke intersects. It is then able to interpret the

stroke in the context of the type of the rel evant
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Pafjipalar pagk Qnd\assgtpetﬁdi int¢ragtive glemeahto hcfdemmued gnthammdsatgm of the

R R R 5 e 20 S e i

trﬂllsﬁﬁﬁé& to&Hél tister) Wwihikled b rdsbl0es2 PR the BINSD the phgdVId 60 of the stroke into
handl es actlvatl on of the hyperlink, alink ID5

ﬂwwrk addressraf he natpagp ye@raerwrz 19 @rheqlvemap@ns dhet ¢omspoadmg page

th t
| nc+éa53e {Iﬁg&g&;@r}“"é‘“}%gg 7 i calgl on als?agg’e Ssﬁ e B Ppgs was recently

idknytifead| in ik eardiet st.ﬁikb,dhen thiegriatet ﬁ&graﬂrﬁidyd[av&\hiecahdtess ofxBeélrelevant
when the h perL s recorded as a favorite or

Pagh FERYCE l?ﬁ shatpage Fopsisty il 4, ¢pEPICt MRES ayRi, maintained
p&élﬁéﬁiﬁ)@ﬁ?ﬁg& %aéé"éé%r i($2e bEI0YY. r’?hez;% eY:%S Bt 3Ry BblebR uch as
_is activate page server Sends quest to an
AR fosis and plecenfetomteiypically stored pleewlsrion thie@etppgd ietedrkon

IS |dent|f|ed by an application ID 64, and the

appl i Waen dhe p&yei servezgetered the strhke fionreie peay m/rmetvhe the page

r thr e s of r.link g
I%NE P}ﬁksh’gés h%g?sl’ WSE%%?'M%H%EIQ rof the page
delvyipéion iekssroRé {hteraéi:ts £1i0\Wen! adldiodHfefpraiOhe SrdaiRNA rﬂ% context of the
hyperll k can m@;l enent a request. for a linke

(5’&9?‘Fe'ﬁ varg el sinply signal a preference to a
server. A form hyperlink subnmits the corresponding
f or mA oelick isaippiraltyag stenke wheresthe distange pydiiang befivesn theipes down

poditién G 18 UibseGhdnt bbiP Bp 1Bsililif are both less than some small maximum, An
object which is activated by a click typically requires a click to be activated,- and
accordingly, a longer stroke is ignored, The failure of a pen action, such as a “sloppy” click,
to register is indicated by the lack of response from the pen’s “ok” LED. However, where a
netpage includes a button a “click™ can be registered when both the pen down and pen up
positions are both within the area of the button.

There are two kinds of input elements in a netpage page description: hyperlinks
and form fields. Input through a form ﬁeldr can also trigger the activation of an associated
hyperlink.



application. If the current selection contains a

singl e-word piece of text, for exanple, the

application may return a singl e-page docunment giving

the word's neaning within the context in which it

appears, or a translation irRBb-a different |anguage.

Each hyperlink type is characterized by what

information is subnitted to the application. The
correspondi ng hyperlink instance 862 records a
1M tins WypedinksD 55 whi ch can be specific to the page

| NSt aRCRHERn I &ﬁeirﬁ%f@éiﬂﬁffé d Bksshitstb anemoRpPFlRetion, Aibtypically
transaction D can identify user-specific data to the
eliqits laipciateid ogspofiserin heawiplage systeBhoppi ng cart" of pending
purchases numi ntai ned by a purchasing application on =
behal fA pfpedink clesent S#hilestifis dine appdicatibes? 1t wiiclpbandles activation of

current. sel ection, 826 in,a.selection.hyperli " ol
thachseeikom kD 3 Sk (oREH e o BB ribé Appljcpion, an “alis

d itRaMR Gfklhde e fuBErS appfipaioni aliss ID 65 in the
: gfﬁ%aﬁggﬁ?&glat&ﬁoﬂggtﬁ???ﬁttﬁe hyperlei nk h?ﬂﬂspyi ts "submt

hypetlink" activationbadea slescription whichpsiusedswherethe thyperlinle isfrgeqred as a

subm ssion is jncluded. The, system,i . . :
EPRET AppRPh SReHs. Sh RFRAEN Dl ast Biagam s spown in
FiguRergl i nked group 866 is a group el ement 838 which has
an associated hyperlink, as shown in Figure 31. \Wen

| nput yag lérlﬁgsm‘éﬁfrﬂﬂg Betiied! iRl o8 k@B denddNa t&iRest 38-an application
group, the perl'ink 844 associated with the gr_ou]%l S
somuvheret endthe Actwarler Thepplicajionup idsatified by aa @pplication ID 64, and the

as.soci .hyperlink behavi gr wth [
rRRERIDOD i PR af B R pEer Y M B N, D o opes of
hypeRinks Useibrhl Bigletlinks 863, foltt thgpéfinies $63, mnd yelestion tiypertinks 864, as
provi de continuous_ input to an applicati o?. I gdan
showarie Figuee ¥k Agsgral bypseliissen implepientk frgusstfor a inked document, or
m i ko G- rg fl | aintifsafle @Bespondin
m%’ﬂé‘r o%lgq%hdgﬁ‘g%k%ngeé%gns asgi‘?t%%gﬁ%#ﬁrﬁr 2 {éorrrs A i s
fofmr w tef hpEisationc o | sidclion hypenliok aswbthitsnihet cureat @slegtiaagto the

to capt a rel ated. set of inputs thr
bl SPR e B Yol P oML AE B cxamte, e
appli€atioh 1By ectufdal iRlEpapet dbcamz‘afpgivinygth;owodﬁ meanieg within the
pr og_r amrunning on a server . or.m IS a r,Qu . .
cogtexhishigBl 2ppFarsher ERIHASAR 1P & %Fgﬁaqg?a% P?#&})EF‘W‘ type s
ch%@i{eﬂkéﬁsbﬁggaﬂnf&fmattigﬁ ¥ RBhitda’b @a@ipﬁﬁ@d%ﬁ. 839. "A form

I nstance 868 represents a printed ‘instance of a form

cor s oBl e Bpah P 022G Dbl 5 whichcn

bespedifi iosthelpagedhsunwe ohashicinthe bymerlink instancel appedy The wanssetion ID
type ..depends,.on the type.of.the correspandi ng fiek :
oo M SSPEATER T o BB Peiogy B0 SPBE s opping dat b pending

purchases maintained by a purchasing application on behalf of the user.

" The system includes the pen’s curment selection 8§26 in a selection hyperlink
activation. The system includes the content of thg associated form instance 868 in a form
hyperlink activation, although if the hyperlink has its “submit delta” attribute set, only input
since the last form submission is included. The system includes an effective return path in

all hyperlink activations.

A hyperlinked group 866 is a group element 838 which has an associated
hyperlink, as shown in Figure 31. When input occurs through any field element in the



through a particular printed forminstance, i.e.

t hrough one or nore printed netpages. The formclass

diagramis shown in Figure 32. Each forminstance has

a status 872 which indicates whether the formis

active, frozen, submtted,-30eid or expired. Aformis
active when first printed. A form becones frozen once
it is signed. A form becones submitted once one of its
subm ssion hyperlinks has been activated, unless the

gronm ére hyperlinka 844 associgtedwiith theegroup'is getivatasu Adyperlinked greypraan be

T R T i
coft@tridnhRith kiE“subitf RItAT BRSHURE BN a F6rin HiPpelsle @6l prdviR continuous

. forms specified lifetime. Wile the formis active,
ingpus vt mpﬁﬁatiog--lépmbthg@fm bpwsed tchyupperh a Ablpekbepsdh it eragtion model,

. ho [ i i a i gr ound
e Phr ElnghS setums B PR HEER sk LB e orm
Is active or frozen, form subm ssion is allowed. Any

tergt to subnmit a formwhen the formis not active
1@? fiﬁgqufﬁs rejected, and instead elicits a form

st at s foreydatines Eaeliection pf Telatedainpe fieldsgised & eaphye a related set of
, ' 9) _wikh f ' i
2R 8 2ol ] 810k RS OF G f SbEths g o

pafhletepdifo ahlapplicati@siofvwarSprogradfrumning of Aséerd parti cul ar
time period to be excluded froma search. Al input is

capt W gena867iigiat @bup Rlemehl 838 @& thd) foSifnt MMBArGHyS IO hltinately
set of tinme -36- stanped stroke groups 874, each of .
conthing |4 ssbak faminabfick] gemenss 839.yA darm tinganes §9Fgepreseaty a printed
o St i £ : L] e St : RE L
mBHEP 88 S e 1350 Al YHIBRLA SR oRARl 1058 s
eletmiehts 835 oof. thd liernt i Kich dleld fiistantnBas sl agoeintet SvakieBM, whose type

Figure 33. Afield elemept 845 can be_a checkbox field.
depgnds on, thisfype o ey coFvasponing gﬁ\iidnﬂe‘iﬂ?‘éi Eaclgggl,% uegrecords input

thrSgBnPpdHiSildr RintbdBBHn iddtct, i@l HhrSlAGRorGhére SridlicdGkfabes. The
is shown in'Figure 34. Any digital ink captured in a

forihj cdgsg|diggranyie siEgvr is Fagre dhed to the fiel d. A checkbox
field has an associ ated Bool ean val ue 881, as shown in
Fi guFeach3form ingtancediak a Statusi 87R, whick insdeatesawhathep e foam is active,

ol SR BEE Reid S SR oA s PG R b Bk Bifomes
frozehlonee itds sigidd. A Rhfl Heesma@nsubmardiciteond eRits wdhisicaddperlinks

as shown in Figure 36. Any digital .ink c;?ptured in a,
has{bery achivated) uglesihe hyperlinl Rtdis bty delign gET buig s¢t o fesm becomes

void wheR Mhe B8r hﬁiﬁﬁm g+iﬁ Corh, 560 Tl 80 duidiet BAn ?Isgr% cdr®mand. A

assigned to the field s value. Online handw i

form expitpsiwlicorthd me vl forra haebesn aotive exeesdsfthy foamzrapbafied lifetime.
W‘hi-li—éa Ei%%xtm is%‘ctive? 'fgfm 1%%81? is %ﬁgwgd; In%‘é %ﬂg&gan a Ifl‘oIrrﬁewh%halts Siof ‘factive 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 form when the

form is not active or frozen is rejected, and instead elicits a form status report.

Each form instance is preferably associated (at 59) with any form instances
derived from it, thus providing a version history. This allows all but the latest version of a

form in a particular time period to be excluded from a search.

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



the Art in On-Line Handwiting Recognition", |EEE
Transactions on Pattern Analysis and Machine
Intelligence, Vol.12, No.8, August 1990, the contents
of which are herein incorporated by cross-reference).
Speci al i zati ons of text fiel@-include date and nunber
fields. A signature field has an associated digital
signature val ue 883, as shown in Figure 37. Any
diigital ink captured in a signature field s zo

stampedmtmlmrou}psvﬂe?m feackdofnvhish congisie of arsst pheyied shikes \75. Each
f th d di I

e DRSS Bt B p i R rE oL PPN Baf s pen

g&ﬁﬁroﬁtaﬁ&i ni®erc@ SRiediigithl ik ddag dfapaincts Shota iMeFigufé18s.

Igital signature is” generated using the pen user's

Pr ' Vaheﬁe‘ia Ql%hﬁkr ©15K8Y b8 @%ﬁéékbsx EQalghe, ARRI fQABTHR drawing field

owWns form I'ine signature verification is
81793 Iok- awrgﬂemi fickdl 888.cEhe ﬁfdd elerantptless ditigrano idshownmn Figyra34. AHY

cigalogk Sy m%i%‘a%éﬁe ﬁfﬁ%a%‘xéfgvtﬁé iy 'A?? e

P R .22, .2, 1989,

o? t &ﬁr coeae il ¥ an Asbriped SoelEan e 5L 5%3@?@“ 35
set &hﬁéggen eﬁs J}Bé( g gfrgll}] ItZtgzdéO ?gc )tr;%o ﬂﬁ%&vigadaf]ﬂelblﬁﬂggtﬁel@s aone

canseser tar valup agbe alxgnetbmshmﬁtldaofahpi input. It can have

an associated field value which is included in the

form dabs fidehast dicast@viated @Rt edlnd 882, b shdvreindFigere 36. Any digital
_submtted. "Editing" comrands, such as, strike- érﬂr OLﬁgrrE .
ink Gaptasediing tord flgldy Sofﬁm‘3 é%?Pt@P%t%cWeﬁ?‘je@cfﬁ’ﬁl Y3 ppljng handwriting

re&f%‘ng%cfn' Sl 158 ?@éb%i%néd"ﬁ) e RENYd JahRd OnfRO B dWritig Iflccogmtlon is

I thmworks "onlfine" (i.e. with access to.
- wel{snadersteod(fed;, fr egemplepTanpent: €., CratSven aﬂﬁé“nwaéiﬂhﬁr% \&he State of

SS...0n t 0..a hi g :
§M%%‘L%3ﬁ?’§&“ﬁ‘&% FORILIon, ItE@OI‘ r\ai\f?;af:{?en char a@t@a%ysm and
M¥éHire mglﬁgédcgl YohiZhNo&¢ mug?etywsw ttheudontents of which are herein
witer- epen ent traini ng pnase
ingaspRIPted by GrasITRICraITelg S P%*ﬁﬂﬁ%‘?ﬁtqﬁ 15K ﬁe@%ﬁéﬁ?@ﬁeﬂe‘gﬂ“‘oe‘é’r number

ddTe, however, and can be generated up-front if
necessary, Di gltal i nk, as al ready stated, consists of

a Seqy @%ﬁ&u&fﬁeﬁ fl%sassd%mfeds& #ﬁﬁ}h{"eh/ahﬁt@m & shfwain Figure

particu el enent's zone 1Is ppe ded to that
- 37eAeyrdigitalsinkl cagitured in mdigstture &ipd’ Sr@ad}}s autczmatmally verified with respect

{ t st r ok
o e A BB e oo
whHidedne ‘meiddk Phsk & gendrsted lah@ as¥igned to the field’s value. The digital signature is

. generated using the pen user’s private signature key specific to the application which owns

the form. Online signature verification is well-understood (see, for example, Plamondon, R.
and G. Lorette, “Automatic Signature Verification and Writer Identification — The State of
the Art”, Pattern Recognition, Vol.22, No.2, 1989, the contents of which are herein

incorporated by cross-reference).
A field element is hidden if its “hidden” attribute is set. A hidden ficld elcmgnt

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



Digital ink captured in the background field is
interpreted as a selection gesture. G rcunscription
of one or nore objects is generally interpreted as a
sel ection of the «circunscribed objects, although the
actual interpretation is apg¥i-cati on-specific. Table 2
sunmari zes these various pen interactions with a
net page. Table 2 - Summary of pen interactions with a
net a e (bject Type Pen input Action Hyperlink
re@gnizedin fofm feldsubnit action to application Formlick
Submt formto application Selection Cick Submt
sel ecBécausettie bpivriting reoogritiomalgérihn vEirks Ydndine’n(i.aawith access to.

ssi n true to field Text Handw.it.lng onvert diagital .
the Aynapics;ad e PeadRgsHen PR TR SOy A Hﬁth[i“‘“fs? gilY g bitmap
; it field vS : i fot b
|%in§%lﬁh$ k@gafu gllr%g?éﬁr g;rh&ggr%s?}aet eE {cﬁ{gl@? a%l Si gtynat uygﬁﬂcl)feyy g
acbwracy, witlsiut na diritet-ddpesdenh ataimieg t ghasd. eAd wiiterelependent model of

L rcunscription . ssign digital ink to current electio .
haser g AP AL e v B Bt A Cfd sl uf Romt it
ne gmi,el ection consists sinply of the nost recent

stroke captured in the background field. The selection

- 1's clganadnk af hﬁéadg ?taite'aa%dsié{stc}f _ats!egﬂgsl%'é_ oft §roRES W stroke which

predi ctabl e "behavi The raw di gi ink capturéd in
stagls ém ¥ pafticelarlelementést zine édappanded do that plagenpadiaita dnk sreaggready

and is optionally transm.tted w,th the.for at a.when
fo Rl ARG AR REAPPREPh D L S R AR i Hed e
méﬁh%kgsmdﬁaa’ga@i&nnka&@&ﬂ.ogate the raw digital ink
. shoul'd it suspect the original conversion, such as

the Qﬂgﬂa‘? i epnibd BAREWabldrQhd iR is ihfdipretedds afselection gesture.
exanpl €, 1nvolve human intervention at the .
Cimppiséription of dnsver mooy objsetysis vgshernlly anterpeated 45 ¢ selection of the

. .appli.cati,on- eci fi,.c consi stency checks. ..As _an.
 cirgpbeerbetords Bl b s RRD R AR R SR,
form_ can be desigpated.as a drawing field. The

appl TEBIERSHTERH 2o Bre faris aen GHETpHISTS 2iPe Tisipags
presence of digital ink outside the explicit fields of
the form to. route the formto a human

Table 2 - Summary of pen interactions with a netpage

Object Type Pen input Action
Hyperink General [Click Submit action to application
Form Click Submit form to application
Selection [Click Submit selection to application
Form field {Checkbox |Any mark Assign true to field
Text Handwriting Convert digital ink o text; assign
text to field _
Drawing [Digital ink Assign digital ink to fieid
Signature [Signature Verify digital ink signature;
generate digital signature of form;
assign digital signature to field
None - Circumscription |Assign digital ink to current
' selection

The system maintains a current selection for each pen. The selection consists
simply of the most recent stroke captured in the background field. The selection is cleared

after an inactivity timeout to ensure predictable behavior.

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



operator, on the assunption that the user may have

i ndi cated anmendnents 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 rece#dH ng (at 884) a stroke
fromthe 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; . }
andléntopfigally trasmived)wish flen ferm defeevistelhe 955 iinpbpitted to the

.58t h tr,oke |. : t i s : ;
oGERIR RGPS MR TpliCil I8 e rogdE e B gl suspect
iRl corveflionf suel a8 EReddeidsion of ha@Ryittei text. dthis capgfor example,
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pfegeneaof digital] lélﬁé#ﬁl_de&?r?x@gﬁbﬁégs Poths TeRThd? FaUiking fufpelf® uman
ool fonStEe Qé%futné@ﬁﬂ gt ﬁﬁ@tuségrﬁly hiR iRAELES RAGHNRLS to the filled-in
yperlink; a e

rnativ , i nthe absence of an input
fitlde batside ofpperfidldsk, appendi ng (at 890) the received
stroke to the digital ink of the background field 833,
and cOptY8 Ciswsdd Hhwthet of theqirvss of haldling pert fnput relative to a

current selection 826 of the c ent pe AS L ag o
nefpage: ADPBECHY CORSIS P gresi iR b A Yoke %ﬁrﬂgﬁ\f@e%s‘ge‘mfymg (@t
sagﬁgiﬁp%ﬁ eich §5b £ v@l’ﬂﬁdlgﬁfetpa 115 56 i 89 3trblke ks PEAGEES(at 886)

Igure 38, eré the accunul ated digital ink:
thefpage idesridtiors 5] identifpingt (edi8&1 cofonnattpdt demens 839 ydhose zengeS8 the

fiel.d. The process .c | s of . det er m ni to a field
stEQE ERtEReY gEngi(gf(ﬁ%%tﬁé%}}goﬂlxe gon at?géi?é lé}g%-%)@éirg\ﬁé?ﬁgro e
elbAientdrdi if & agpBidifi @t BSHMidredei vdiatiokBiddhe digital ifik sfthe field value
assigning (at 898) a true value t Oﬂ/\%h?‘ field value; { 894
874, interpeeting €at PO3)ethe pesumtuiaed digital duls of the figldy aqd determinying (at 894)
. i |erlfiRed r§denghd( il soORAvatiddS(at 895) the
W g‘%}t %F)ﬁergillst égdégﬁ{)égl%}lé{eﬂt ext %;bv\ﬁmst% t he hel p of tf’%g( )
assqupated hiypdrkinke; elfestatiedy alatesminingy (at £668) ahsthgn thegfommatted element
901) the converted co ter, t.ext to the, fiLghd.ya . :
oS CONSHEES SR 5 sy RehBE gof Y8 e oncin
h%,_&lﬁhk,salﬁﬁﬁﬁuag ih kiR dbscti€l of dn BPut febd drf hypertinkaipp&die (et 890) the
igital ink as the signature of th feg' S ogner . Wt %91 th
 repdivedhatiose e thendizitaignk a8 shepickgiound SgIckt i et orting gt BoD) the
6t Liffke (@B the iGhib@ 8281 Gk WilreR§ péd) Gas GRMMAMCS by the
reg{“?ﬁgmgo@rtes%g‘#g@ng form also with t hg hel p of the
regisgatsmrsetveon server and using the pen owner's private
signature key relating to the correspondi ng o
app! i Fighied8a shoves adaiilpdi flogrchart 09818) 89hin the prpcess(shown in Figure
38? IW Ig?et tlfllcrz gcéu?nu‘att]eed ilgi%ll dm1¥ g% 3 %'eld is interpreted according to the type of the
field. The process consists of determining (at 896) whether the field is a chef:kbox and (at
897) whether the digital ink represents a checkmark, and if so assigning (at 898) a true
value to the field value; alternatively determining (at 899) whether the field is a text field
and if so converting {at 900) the digital ink to computer text, with the help o.f the
appropriate registration server, and assigning (at 901) the converted computer text to the
field value; alternatively determining (at 902) whiether 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



1.7.3 Page Server Conmands A page server command is a
command which is handled |ocally by the page server.
It operates directly on form page and docunent :
i nstances. A page server command 907 can be a void
form comand 908, a duplicate-form comand 909, a
reset formcommand 910, a get form status command 911,
a duplicate page conmand 912, a reset page command
913, a get page status_command 914, a_ duplicate
pprOpAte Kbl ehiom PIVE ] reating: @b 804) FoliEiial HETEBHR fh Hiecpppionts of the
a get,.dogunment st . il [ »
coes PO R Db, P kel GETEE Bebisfon, B ARG o ot bner'
privats lsizfgre iy delating &l tie foofrespondingrapplicaitong and hssigning (at 905) the
correspondi ng forminstance and then produces an
digitet signatyse forfhe fieldoplpe. of the current forminstance with
field values preserved. The copy contains the sane
hyperlink transaction IDs as the original, and so is
1.7.3di Pagefiarvanbommandst he original to an
appl iAC phgeOsbrved doRfi@indf i@ raTesumimm e/hivhi i shahdlled locally by the page
correspondi ng forminstance and then produces an
sersert tpperples direstly 68 formy pagerfud decumenhUSBACES- with fiel d
val ues di scarded. The copy contains the sane .
hyped pagk servaneoaumansyPO7an §s atveisd Hrmcomapand £08c4 dynbicate form

st at onma roduce print r r :
cordpip 0% 2Rt BLHERA RS b Fitn PR onfald 1, 2 doplicatc
pagth@mnikB bl 3 edset bagﬁ%ﬁﬁlahﬁ VB S: got paplesthtusioomnwind 914, duplicate
was pri nted, and the formstatus of. the form
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publiiiRed i Whkh $VRR printed Vi Rvtio #Waas Prihfedeshd the forif et 6f the form

was printed, and the status of any forns it
instance.
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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 typically implemented as a hyperlink.

A duplicate page command produces a printed copy of the corresponding page
instance with the background field value preserved. If the page contains a form or is part of
a form, then the duplicate page command is interpreted as a dpplicate form command. A
reset page command produces a printed copy of the corresponding page instance with the

background field value discarded. If the page contains a form or is part of a form, then thg

s



contains or is part of. The netpage | ogo which appears
on every netpage is usually associated wth a
dupl i cate page elenent. in the preferred inplenentation
of the invention. Wien a page instance is duplicated
with field val ues preserved40tield values are printed
intheir native form i.e. a checkmark appears as-a
standard checkmark graphic, and text appears as
typeset text. Only draw ngs and signatures appear in
reaeh @age @mmdas uttgpmed ani & teset feumy pommpnd. gy B9tdI8E® Ftytus command

SRR UG STSH Rakoa iy ok ilpdiale Bapd incuding vio

uBHEHeH'lf: He@ it wh S, GoH Whol® SRR Printedyamd theptaviuefesmy dorms it
printed copy of the correspondlng docunent i nstance

comamsmmglo@und field values preserved. If the
document contains any forns, then the duplicate
docurfErt netygedogh dhichiapptaes ot keery aretpagé is vsvally aspecioled with a

dupl t f t
uplrAinee SrOSHB ST B aBgRR o ?ﬁ'&ln‘@aﬁﬁﬁgondl ng
gf’ggg\?fg%u'a Dréo Drendhe (HEMAISICOH HPHo LAy PRSPRES Gelbpplucs are
pnﬂ%% ih %ﬁlnaHQ&fb%nf  GUREAR ﬁ%ﬁ%\% ak Q%taﬁ@e[r%hé aphic, and

nme way a reset or m comma A get docunen
teﬂta@t’ws atypeset] text.oCaly elsamngsr amt sgnattsp?o appeanin thigis original form,

Wil o TG DU T O SRBTI B9, CRATTTV BB,  gandag) eraphic
d‘i‘éh‘ﬁﬂh'sﬁcc%ﬁﬂ ?ﬁiﬁu%dfenﬁw@ioﬁhe status of any forms it

cont ai ns. he page server command's "on sel ect ed”

attrigp U{I&&t% (ﬁﬁhmeﬁth&i?nﬂlﬁﬁ FeauROd prRR&I &pySofofie tcbesponding
page i1 dentified by thedg current sel ection rather
documamt arstantee with dackground dN@uﬁhﬁw@mwﬁaﬁaheﬂhﬁgmﬁﬂW@M@ms3ﬂY

foq%g?&@eg tg{;a &E&g%ge 51‘%6%1%8 nf% rand gg%ilcggs Qﬁée ?Jrﬁlg ltiua sgrﬁe way a

dulﬂihtﬁféefahn E@gmuitﬁd@heSA gg@t &&uﬂﬁgﬁc@mtiatﬂrprodlmmpﬂx_lteﬂ bepy of the
t he comman 1S | ore a 1 O C oV

corggspending ¢ Q9Hm§'ﬁfé€¥gtﬁ°€ mghhﬂck&rgg@gé § ﬁ%ca%@ 1 document

codih€ X@%H{é Qfren>hb Yésbt %ﬂﬁ@&%ﬂlﬂ%'ﬁseksﬁh@ fm%ltﬂlé"éﬁﬁﬁl way a

group.” The 'page server activates the hyperl
resetsfooms icamerindvdods. tAhget Hippendrit isiabg @n‘maqmdrmodwps Mn’alnted report on

t he e erver
the Lsgaﬁ#ac{f aﬂ e(fomo?ﬁ% enrg msfan' '%' Elﬁ]q(ﬂlﬁdl%aﬁ& Sgl?lfsgl%!cg{t,t véhein S}t was
pristed, - forwidntl il &s pﬁﬁﬁmdﬂ@mudpﬁﬁm@ﬁcoham an i nput
zone on a page and so cannot be activated directly
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page server command embedded in a different
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



page, if that page server command has its "on
sel ected" attribute set. 1.8 STANDARD FEATURES OF
NETPAGES In the preferred form each netpage is
printed with the netpage |logo at the bottom to
indicate that it is a netpage -and therefore has
interactive properties. The logo also acts as a copy
button. In nost cases "clicking" the | ogo produces a
copy of the page. In the case of a form the button _

bypa ot desanahavwgyr, b attinetadntia & pageoverver gomemind antheddeddin aglifferent

a secure document, ch.as a ticket or coupon, the
pageit Bt pAZESPTE cswrw@ﬂl&hﬁ% Wef?sffg’ LGSR 11 o ng

page. The default single-page copy function is handl ed

irecily by the rel evapt net page page server. Speci al

1-gopy #m)g&?ﬂpBEﬁgﬁ FIRAGRP 1'i nki ng the | ogo button

t 0 annahp piefated form, eactOndSER iHEReGVYRIT B netpage logo at the bottom

preferred. enbodi nent, the netpage printer has.a,single
toipdiease thahid &y e eetpags 2pd ﬂif{r%ﬂr&ﬁ?ﬂg Pﬂ%fg‘_@’ae LoD T 180 oo acts as
a %le?%uﬁoﬁ).‘m folf cals&f‘%[iaﬁﬁ%’o&le Ic%ga?rrbﬂﬁb&ga cop§ bﬁﬂiéﬁ)lag% In the case of

nter connection status O I nter consunmab
a foap; the bettorhabgucaea nopychdchenentire formcAndin thegase of ojscire degument,

Suflf 5 st GOl A R e enrs o B &0yt Bhebae
The Secupu, LUl on 1B AL UG L L o
pafORva! Sﬁe?fapé fidictiBhs 4rB Barkii& BislikingAhlREH BBEN tB an aﬂpelication.

ocunment” function i1s 1nitiated by sinply pressing t
button and then touching any page of the docunent.

1.ghe had§ed sesr@pcument indicates who published it
and en, . to om,it s delivered, ‘and t 0 ” »
ahon T Higfere GoiRin B et e bed b ipgf g hHE “pelp

Wh&L aged NeliviRisitbié S OF infadn 2108, ihdlediger to navigate
t he hi erarchy o#ﬂg-l gfgepubl i cations and services on the

net war k. shgis 8fpdltbSdoRRédi¥g. the user can call the
net page network "900" nunber ."yel |l ow pages" and speak

to a,hung[gmgggéﬁt&rcgnﬂ}gﬂb%er ator can locate the

desired docunent and route it to the user's printer.
Dependi n %pglgvetl Hglp %e%ﬂrre nt

. document function menu

¢ - top-level nctpaée network directory

The help menu provides a hierarchical manual on how to use the netpage system.

The document function menu includes the following functions:

. print a copy of ;1 document

+  print a clean copy of a form

. print 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



type, the publisher or the user pays the small "yell ow
pages" service fee. The hel p page is obviously
unavailable if the printer is unable to print. In this
case the "error” light is |it and the user can
request renote di agnosis oveqs.t he network. 2.
PERSONALI ZED PUBLI CATI ON MODEL In the foll ow ng
description, news is used as a canonical publication
exanple to .illustrate personalization nmechanisns in

publi€ationé RAd Serbies @MheAletwi@kigAs ar witernatief theruserseatt dall the netpage
the limted sense of newspaper and newsnagazi ne_news

netwerki ‘ROCHeraber Cypllow pagaseanst spcakto adwiag operalor TR pperator can
| e p - ' 1.3 ;
ol IR R P S ok iR e s BrinkpINRAIAE 6 WRSdocumen
type& Hieublisheeor tis itg palisithesmet “yoloh pagestrservidhifee.edi t or i al
content is personalized according to the reader's
expl i eidde¥p SdeRiEsbvidialy ulvditablel if the pethter RCnable o privt. In this case
profile. The "advertising content is personalized
theteroartllighy is i anh Sheruseikan Tequess cenpte yliagnesis QueRBGMERYILE.
2.1 EDI TORI AL PERSONALI ZATI ON A subscri ber can draw on
two ki nds of news sources: those that deliver news
2.publ | PERSOMALIZER RUBLIGATIONMIRAELde] | ver news streans.

Whi | e igiviolRWlg deabditivh, Advs RABEEEakE eehonfvalipeidichtivth dxymple to
the publisher, news streans are aggregated either bfY a ..
illnssmats getsonalizaton wechapisms inihe actprEe BateRe Mitheygineya isptien used in
WS, bl | i.on i ‘ i i
o SR B SEh R 44 1AL SPRRTEE AL B s
cohextemydeand varied: a "raw' news feed froma news
service, a cartoon strip, a freelance witer's colum,

a frimgmek Serpugelspitdnn, thbeditdtial 66ntérdiand eedeivesisingrontent of a news
e-mai | . The netpage publication server supports the )
publigstipe atre o Rerenaliznd; dginge different pmeehanisgiis T ditgrial content is
pe{sESalﬁgtg ra@c%"il&i.bg o Ghe dEﬂ’P%ﬁglﬁ:?ﬁ\}’s s@ilel CABimpRYith R bkir& interest
e aggregatron and hence e formatting of news .
prafile.c s adwdrissing dordenteist peysopglizeldeaqcomiiig o theercadasisylpeality and
is abl.e to place advertising on pages over which it
degograPlif-se has no editorial control. The subscriber
builds a daily newspaper by selecting one or nore

ont r. ' ! ications, and creating a

2-ﬁersﬁﬁ§%g‘°ﬁ}iﬁﬁbﬁu€ Neac.h. The resul ting dai I% ,
edi t ifoAubscdlr can alrgyy jont e kinds BHoRWS sepyesshaiose M dgliver news

| - | BRRRE Redd piblichaNs GO Gregated
Pu@i/%%‘%f %%Q%e?@é%dé{ﬂgﬁ 1?(&‘5 [ S?#%Pgﬁfvﬁ? hterests an dt ast%ls- £
andydird by aihd miblictict fremastreaias dry aggregated either by a news publisher or by a
specialized news aggregator. News publications typically correspond tfo u_'aditional
newspapers and newsmagazines, while news streams can be many and varied: a “raw” news
feed from a riews service, a cartoon strip, a freelance writer’s column, a friend’s bulletin

board, or the reader’s own e-mnail.

The netpage publication server supports the publication of edited news
publications as well as the aggregation of multiple news streams. By handling the
aggregation and hence the formatting of news streams selected directly by the reader, the

server is able to place advertising on pages over which it otherwise has no editorial control.

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

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



publications and then custom zing them For each
publication, the reader optionally selects specific
sections. Sone sections appear daily, while others
appear weekly. The daily sections available from The
New York Times online, for-48xanple, include "Page One
Plus", "National", "International", "Cpinion", _
"Business”, "Arts/Living", "Technology", and "Sports".
The set of available sections is speC|f|c to a

arep pihied adridobound stoigstherhintol ef single newspaner. The vageugemernhgrs of a

extedth daily per b atl
hogsebo R MBS HTSSh i CHAFRE! BiPrstn Ao ey O pifing different daly
puﬁlti%aﬁ %égxtdﬁ&bﬁﬁﬁﬁgﬂ’k@ﬁ m ght be creat ed for e-nmail

announcenents ("Personal''), or for

rmn| t}?o r gack %ﬁﬁﬁ‘%ﬁgﬁeac & realdr o ?ﬁ@r&ﬂlgﬂ edtd Qﬁe‘éﬁic(seﬁdoﬁi 1S9meQ&ctions

section e reader optionally
apﬁeﬁe aaxty, hile othefs apPearaidekigr Tlmpmlytsacmone layailgble g?xom ThrolNew York

medi um or, | ong), ricall Tl "
THF‘?% iR e FoTo LXFaEs )'n‘:l'édflfe t’ sﬂuéd’ gﬁgtb roéﬂtg‘f%a“"nal
g,yg,{nt kB B CldARRST iIHE! I«tr@éanmgy (o1 HSpbit & The QE(NEE available
ow hong%?'gE nunerically (i.€. as a percentage).
sectioas fsepebific mlagmbhpmon,rmhs t}wdﬁﬂaulemtest a preference for
a |l arge nunber of shorter articles or a small nunber

of | omgQEader tdnCdxtend theddilyateisisgdper by ciedting dugtomr $ectians, each one

(or edited) in _both short_and | on for to SF?Q { and
draving op pay yrabis of npfs sfFqams) GURLy setoys Ftc’feé %%’re“ma‘ an
FriALt Gfhoubdntlnis’ g?@ﬂf{l nal'g! 31’ QES mbRitdRieC Rew Eeede e Sietitlic topics

sophistication e reader, for exanple to provide
(“Albitdctr &Qlippiaged).adul t s versions. The appropriate

version is selected according to the reader's age. The

r eaddor eah secines ﬂfeyreaiet optictiaily spepifiesvitsi iz, eithiee qualitatively (e.g.

precedence over their ol ogi cal he I
st TR Dpe 2t AUBEETAIS S8 Rl b o i), and the
dedifeli ler?ﬂdrﬁcﬁ{j op)id\;éi‘ﬁsmg?@tth&* SualiBifigelg @iy, Ihﬁghaﬁsn@]J,eﬂma none), or
useful” lifetime. By default they are delivered to all
numerically Gite. asupegeantdge).s, in priority order, subj ect to
space constraints in the subscribers’ edltlons
sect iTae seadhealeo pptlwlla@mgﬂesi atnseferenee fféa?d@fgerfﬁlylbef of shorter

t || ah| La oS edited) ;
amf:ﬁg'r?‘r’ggw 1 itcher Bf fdheef l\(l:\% i éva.frﬂéch% ¥ ig ilyculvgfﬁél( $ edited) in

both@REr hﬂ&.l@hgﬂiimsl:'caaippéntﬂus:treferm ch qualifies for
col l aborative filtering is printed with rating buttons

at the &EIGleO:fna)t lABo B Witk (orT bdited)itih alifferemtvopsionsi tstemawh the

easy choi ce % “1i ked" and "disliked'. ﬁhngﬁﬁﬁ g ults’
cxnopiet SopRGSHioR  thenierdare fRfe FAmpIE | o pRFOKEF 0324, ad
ver‘?i%ﬁ. G -appropriate version is selected according to the reader’s age. The reader can

specify a “reading age” which takes precedence over their biological age.

The articles which make up each section are selected and prioritized by the
editors, and each is assngncd a useful lifetime, By default they are delivered to all relevant

subscribers, in priority order, subject to space constraints in the subscribers® editions.

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

article. The buttonﬁ can provide an easy choice (e.g. “liked” and “disliked’), making it more



Articles wth high priorities and short lifetinmes are

therefore effectively considered essential reading by

the editors and are delivered to nost rel evant

subscri bers. The reader optionally specifies a

serendipity factor, either gu4alitatively (e.g. do or

don't surprise ne), or nunerically. A high serendipity

factor lowers the threshold used for matching during

col l aborative filtering. A high factor nakes it nore
likelyBAtYeddemtwill bethecRrmepoatitlag section will be filled

to the reader's specified capacity, A different

ser engiipiel YwitRChigh pAGHEE SRECiHbhetdtiatesdifel @icpefbred @ffsctively

of the week. The reader also optional|ly specifies )
cohsiféred esséntiphreadiog by theiediters aad armdplhmedat)ém pelyant sybgpribers.

this nodifies the priorities assigned by the editors.

The sTiradadef optivmaliy spbeifies alsetendipity factondither giplitatively(eg. do or

the quantity and quality .at Lch | S
dop BRI P BTy éd}@bﬁ%%‘@f&%?’??’é”s?%g‘ﬂe %_Shd_d used for
m%é.“ § rd%?lﬁ? oAb AR filtériROSS HEh Ttk BiakesTigaroilikely that the
ot h. 1 he nunber or size of inages is not reduced,

cotrbspondingrasgetionmenill bbe délledytr dke aeadevsvespeejfied j qapacity, & different
t .l | uti i d.h t @ry i _
segpigf eiop vy peaprifeg s ety Ra%h S e PO 732 ot

qual ity of_ inmages .delivere

d maybe.adj.usted. A . .
G obHe T A1 Bt P PSS PPFL Ot AUt e yfihin a secion,
anf 5§ odfﬁ%@%&ﬁ?ﬂﬁé@ﬁ%ﬁi&%yﬂ(@é&i@&. are localized. This

I nvolves spe ying thér units are inperial or
et I e s?eédo(?faéhe T éfgp IS efRntdtidR dHRERBEe qadifitPand quality at
| ocal currency, an whet her the localization consist

widdh images icam berdeliserad.i The ocademppticapily specifigss@ preference for fewer

. preferences,. are detiye romthe reader'. cal
s o T insie 26 P 15 RHPTERT 8L Fp 08 ap g gl Yodled, then
im§YRShaPihe HARcfRREE oW haky |(ie. pEswdri Rsolatigl apawith greater
preference for a larger presentatign. Both texf.and delivered
compregen)aflicrmativedy all fee pH theAvgntitinH2s é%‘%q'i‘%ﬂlw’d?ﬁg% eliver
[ dat ed on each page. The | anguage in which a
’nﬁéﬁgﬁgﬁga?cation is published, and its correspondi ng
text ,.en | i S ki | &t tifRs andl
ot G ERE el i BaBECRREiKYS R EURIES) G, Rl A monctay
valles @edecaliyalt Thisdavolbe specifiimgwheth¢raunits avd iepesiok emmetris, a local
LRI [DBEAL S APy HRE TR AR g oBalizaton consist of i
siﬂ?ﬁﬁs@ﬁ%i&%ﬁ i, ThR& SdikQictsire @RAiv@N frofl the Géddyr’s locality by
aftects the advertising content, -45-
default.

To reduce reading difficulties caused by poor eyesight, the reader optionally

specifies a global preference for a larger presentation. Both text and images are scaled
accordingly, and less information is accommodated on each page.

The language in which a news publication is published, and its corresponding text
encoding, is a property of the publication and not a preference -expressed by the user.
However, the netpage system can be configured to provide automatic translation services in
various guises.

22 ADVERTISING LOCALIZATION AND TARGETING ,
The personalization of the editorial content directly affects the advertising content,



because advertising is typically placed to exploit the
editorial context. Travel ads, for exanple, are nore
likely to appear in a travel section than el sewhere.
The value of the editorial content to an advertiser
(and therefore to the publisher) lies inits ability
to attract |arge nunbers of readers with the right
denogr aphics. Effective advertising is placed on the
basis of locality and denographics. Locality

beRisy Bdveasing RXtypicklly phc@td egplbirths edivirabsontextt drdvel ads, for
etc., and particular interests and conc rn%pg
craneple are auproulikely i @ppess i aclauelipretign A L3RRS R value of the

nogr, [ ' i . o
RFRERIR b Stk ing SRARR o W AREHCH B8 is bl o atract
[dR@dFunibety dfsuders witiahé rightalembghabhicpr oduct s

advertising "space", a nulti- dinensional entity

det er ErRetlctidvitifn® Wi1hea bh PR BasBRTUSARNY 26 demog@gttcs. Locality

the size of its readership, its readership .
detemmigesaprokizeify ¢ @attivelap sgevices.cretaileri flaplaadfparticular interests and

R T B ot st

€ appr oxi nat
géfiétdl intélefieasl parbuitisns Bfwell Luikkiyepéidiy mitemb.eabl e
advertising space on a per-section basis, taking into

acCOUR! ntie pAMRhECAARD profasle ABiicE iS QUeErtghg “Shae”, a multi-
section's readership, the size of each reader's

dfwgsibm& eatifyt %mi@dgw fhsapidiicationds gpagraphisgCqyerger the gie of its
eI B ardes i emap RS LI pekl L IARS R adilitng,

space 0 be defiped jn greater,detail, and all .
Shal |y ingBate PRy o galRhE ssve Pinfles B spproximate

mbtedifefdiSnad kiz0 ¥ a bliblicatibies sabsbl@adveltRERIsphee dri & pérrssetion basis,
val ue. For exanple, the sane_advertising "slot" can,be

takipg dntp acopamiythepuiicatiny ¢ eeosephis coxernves e SaeAdr ¢ ip, the size
'of:é LR r%e[?igf’y s eidh erdﬁﬁ’)q,e bach RAELE J&Mé’ e?@dn‘,"aﬂ@ 35{51'? reader’s

avertisenment of one adverti ser r, overall
depfogsaphici Ng t he proportion of space sold to each
advertiser. The netpage systemall ows advertising to

be | i nkethpdiisonovitly other shediaj the deipagoisystem dliofssrthasdweriising space

and,onl i,ne purchasing. It therefore raises,the
to ﬂm qle,iﬂgqi .dn ‘35‘?_3% I?l&tfaﬂt %%d &&?/v& tsinglif[q{gplgcgﬁ 82 ét. toBE% 5?}9 eseparately. It
th@BfoPOARWs3Etb bR ol RElclbes # itv@bd wiluar € handl ed

automatically by netpage publication servers, an

adverfd, SixRdpRIHe SQ e UdveRiBinR QM BarPbd 51 & ivhyird! @dfortions to
coverage of both geography and denographics. The
sevard) sadyertisers, ovithaigdivestyal feaders’ pages tandamply reseivingstbe advqrisement of

tic, Thi kes it St -.ef f ' rerti
o PRl TP e PP B o gy
;gvglr %gfg l gga t%)égpggr\s/ Iearg%érfslélrrfgq to Eg ?{r]lkécp &lrje%layttg ede:’cailed product

information and online purchasing. It therefore raises the intrinsic value of the advertising
space. .

Becduse personalization and localization are handled automatically by netpage
publication servers, an advertising aggrégator can provide arbitrarily broad coverage of both
geography and demographics. The subsequent disaggregation is efficient because it is
automatic. This makes it more cost-effective for publishers to deal with advertising

aggregators than to directly capture advcrﬁsing. Even though the advertising aggregator is



-46- 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 internediary

bet ween advertisers and publdsshers, and may pl ace the

sane advertisenent in nultiple publications. It is

worth noting that ad placenent in a netpage

publication can be nore conplex than ad placenent in
taking apprbparten pHadwertisingoicvénunapublishens mapfind the ehange profiracutral

publication's vertisi ng space .S npre .co
bepiiep o i el RSN O ARGTRIREIT (V1B A PNE QRpEEity s o an
in*éﬁh%ﬁﬁ'g vaehesh hilvepliers aad\abhshshs) Bnday plaoé Bk Sarfié advertisement in

publishers, the preferréd formof the netpage system
muyltipleipgbEScasione aut omat ed support for these

negoti ations, including support for automated _

auct i i hswerth eelingthdt ad pcapat & a Aetpagegiblicatios can be mote complex

particularly desirable for the . placenent,of T
thigyiod placeBEASTin b BB ERTE R ouH LA B PE=te 1 pflication’s
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ool B B e BB 0 LR b Ep ApISA opor

fo HRbinGRY 1208 cH8 'of AlverlVied spdde. AsloRABSn Mpdriiafdrlyodesirable for the
server |lays out each user's personalized publicatjon,

placempitcifsadyiisera¢nds, which sx¢vesate] ssegllemennts pHipceme ek gagwall or -
. ervern. .2. 3 USER PROFILES 2.3.1 Information
hléjﬁl){ ﬁ)g?lf%a Nertis %rﬁs

CIT1 . .
personal i zati on of news and ot her

publicatigns reli.es.aon an _as t { - 1f 1

or of (e, AraTisal ek, o et OF peftpap! Sl S ks he
ad GdifideRithe &ld redids & oh habpagd ddverfer] Catdspandirptyt, drepublisher records
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2.3.1  Information Filtering
‘The personalization of news and other publications relies on an assortment of

user-specific profile information, including:
. publication customizations
. collaborative filtering vectors

contact details

+  presentation preferences

The customization of a publication is typically publication-specific, and so the

customization information is maintained by the relevant netpage publication server.

A collaborative filtering vector consists of the user’s ratings of a number of news

items. It is used to correlate different users’ interests for the purposes of making
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' Lgremﬁhh Whe'r,C en, If)%nye%egpph%uoﬂtp%xﬁgér' And- apEﬁ@ah%ﬁ i fdsigned its own
unique identifier, and the netpage registration server maintains the relationships between
them, as shown in Figures 21, 22, 23 and 24. For registration purposes, a publisher is a

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

Each user 800 may be authorized to use any number of printers 802, and each
printer may allow any number of users to use it. Each user has a single default printer (at
66), to which periodical publications are delivered by default, whilst pages printed on
demand are &elivered to the printer through which the user is interacting, The server keeps
- track of which publishers a user has authorized to print to the user’s default printer. A
publisher does not record the ID of any particular printer, but instead resolves the ID when
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instead resolves the ID when -48- it is required. Wen

a user subscribes 808 to a -jugblication 807, the

publ i sher 806 (i.e. application provider 803) is

authorized to print to a specified printer or the

user's default printer. Thi$ authorization can be

- itisqu@ked at any tine by the user. Each user may have
several pens 801, but a pen is specific to a single
user . whin & Us@r subScritiés B08I wed publivstivpna 80 athei publisher 806 (i.c.
printer, then that printer recognizes, any, of tQﬁ , -

applieation ppasider 89%heis pahoriged to IEE P ¢ SpacHicd Rrinior the user’s default

- correspongi e ' [ j ol

oo TR PR e e 0 TP P8 R B PROY Lty e

seV@l pebis \9BD, Bigratpérals HRSific an aluingtaitdenr if zedset ¢s muthorizedto use a
a_particular netpage printer, | | om ng Wb pages and

paptéqulps gENtED Eherthat BrBRELSEREEAcE AYRI RISV BEISr owsi ng to

be conveniently printed on the nearest netpage
pri ntBre, peh B nebpalyte bogatecthe camesponding wuseroproplenmpintaired by a

oo BBl B prk i T DR VS R SRRP LD, (U7 e

printers., . Such pncone. can.include . rtisi f .
011 ok ORpotonL B SHE ot i 4 ReLYS by ftdihe (iR princer
alloWRipS Webi figed @RS nedphed @6cupientit @icourgerodnindingyWeth dravestug to be
then the user is the printer, provider. Each user also
cohvenicatly printeden heagemst "8PASSIINGS- | s used to accunul ate
mcro- debits and credits (such as those described-in
. the pFhecedpazg syateaycapirpllectonn dshalfieafap| rrimgrsprovider, fees and
incl udi ng nane, add u : (I
coPirsiins ciionnt At s Pl LR AL B0 he prodl el Srinters,
Sugl@ Gidoiiéadah Qfictadt id#&gﬁingai%s, ralictbélgomﬁ fbésp rEdbmntergecqmurgissions,
17, containing the _user's encoded signature 818 . .
anl FARREUPPITFES 1508 RGeSO WU TG DAY gt i thé pitr provider.
automati cal | mai nt ai ned by the system and SET . ,
pay meiaeh gsar dlsechasun netpEEE1achRh SaRivHHCTe ISCTHP @geumulate micro-
deRRYAIR Ueits | ﬁ}%’gs ﬂﬁgee?esgﬂb%d%l iR ifg phraglaph); B&{tRAEErails 815,

user can aln a list 922 of "favorites” - links to

inaletifigihanttp addvess tand tel¢phonomurtbess; globplayeferascosod 16, inflyding privacy,
S st i by th 1 'S Ab f -
aelyey and SFRARGh 45108 oY p bR ST bR g0l 17 Sidihing the

usd?'sednesded Gighaeds 16; Mingerprind 8 16heté; s Bdndwriting niddel 31chaesatically

diagramin Figure 41, ) .
maintaiged by the syst%m; and SET payment card accounts 821 with which e-commerce

payments can be made.

23.2 Favorites List 7
A netpage user can maintain a list 922 of “favorites” - links to useful documents

etc. on the netpage network. The list is maintained by the system on the user’s behalf. It is

organized as a hierarchy of folders 924, a preferred embodiment of which is shown in the.

class diagram in Figure 41.

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

containing links to documents etc. accessed by the user through the netpage system. It is



2.3.3 History List The system preferably maintains a
history list 929 on each user's behalf, containing
links to docunents etc. accessed by the user through
t he net page system It is -49- organized as a
date-ordered list, a preferygd enbodi nent of which is
shown in the class diagramin Figure 42. 2.4
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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 refers, including images, graphics, and pieces of text.

A text object contains fully-formatted text, preferably represented in the
Extensible Markup Language (XML) using the Extensible St_ylesheet Language (XSL).
XSL provides precise control over text formatting independently of the region into which
the text is being set, which in this case is being provided by the layout. The text object
contains embedded language codes to enable automatic translation, and embedded

hyphenation hints to aid with paragraph formatting.



XSL provides precise control over text formatting

i ndependently of the region into which the text is

being set, which in this case is being provided by the

| ayout. The text object contains enbedded | anguage

codes to enable automatic. trgosl ation, and enbedded

hyphenation hints to aid with paragraph formatting.
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Application ID, etc. Field Type Meaning Zone :
Talde &rnetrage layout objestseNT D] STRLBUTI ON

Layout Attribute Format of
object {inked object
Image Position -
Image object {D JPEG 2000

Graphic  |Position -
Graphic object ID SVG
Textfiow {TextflowiD -
Zone L
Optional text object 1D XML/XSL
Hyperlink [Type -
Zone F
Application ID, etc. ~ |
Field ype -
Meaning -
Zone -
Watermark |Zone -

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 2 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



As descri bed above, for purposes of efficient
di stribution and persistent storage on the
net page. network, a user-specific page |ayout is
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. requests is received or a timeout occurs, the server re-multicasts the corresponding 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.

2.7 ON-DEMAND DOCUMENTS
When a netpage document is requested on demand, it can be personalized and

delivered in much the same way as a periodical. However, since there is no shared content,

delivery is made direcﬂy to the requesting printer without the use of multicast.
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B I's. 3. SECURITY.3.1 CRYPTOGRAPHY .
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parties to a trahsaction. There are two classes of
widesprend gseapivyetikay coyipthesaphy antl prblic-kew evvptography. The netpage network

cr.ygpt Qgr aphy and bl i c-key cryptography. The net page
“Wé%&bﬁa%seff?@%"&%%& asses of cryptography.
| Secret-key cryptography, also referred to as symrhetric cryptography, uses the

same key to encrypt and decrypt a message. Two parties wishing to exchange messages

‘must first arrange to securely exchange the secret key.

Public-key cryptography, also referred to as asymmetric cryptographj(,'uses two
encryption keys. The two keys are mathematically related in such a way that any message
encrypted using one key can only be decrypted using the other key. One of these keys is
then published, while the other is kept private. The public key is used fo encrypt any
message intended for the holder of the private key. Once encrypted uéing the public key, a
message can only be decrypted using the private key. Thus two parties can securely
exchange messages 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.
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create. digital signatures and to securel xchange
serdeg gk herps dit segybsesign ket DRt e agbiyt & sesvion key, by

definition, can have an arbitrarily short lifetime.

3.2 NETPAGE PRINTER SECURITY
Each netpage printer is assigned a pair of unique identifiers at time of manufacture -

which are stored in read-only memory in the printer and in the netpage registration server
database. The first ID 62 is public and uniquely identifies the printer on the netpage

network. The second ID is secret and is used when the printer is first registered on the

network.



used for all other purposes. In the follow ng
di scussion, when reference is made to the secure
transm ssion of information between a netpage printer
and a server, what actually happens is that the :
printer obtains the serverimi-certificate,
authenticates it with reference to the certificate
authority, uses the public key-exchange key in the
certificate to exchange a secret session key with the
ser veWhemthe tptiater usmaedihido sthe rmtpage sustworkkfoy the first time after
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Second ID is secret and is used when the printer is

first e&(‘gp% Rod NQLWRKeertifR4te A0ARFit} fo8 netpage printers,
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public/private key pair. It transmts the secret ID

and tWaen puiNer Gubsesbaetua gpuplitationhe retrdaigecreated in the netpage

regi stration server, The servel, .conpares, the . secret |ID
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SRRk T R SeRt5s S e i G Sttt Rfibdsd, Gl pubisher i
aufhelised®® deliver tHel pubBitRioalioh@E i spycified uste! The gager senteeverifies the
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particul ar user and is signed by the publisher using

the publisher's private signature key. The page
3.3 er viNeTPaGE PENSECURAYt he regi stration dat abase, that

the gubl Lapsde defl is 4iARH hARfUeQddRie) & tithd8f manufacture which is

publicationto the specified user. The page server
stovesl infreasonihmemeryyinathe pen e ingthe metppgafegistriionseryghgtabase. The
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A netpage pen can “know” a number of netpage printers, and a printer can “know”

a number of pens. A pen communicates with a pﬁnter via a radio frequency signal
whenever it is within range of the printer. Once a pen and printer are registered, they
regularly exchange session keys. Whenever the pen transmits digital ink to the printer, the
digital ink is always encrypted using the appropriate session key. Digital ink is never
transmitted in the clear. ' |

A pen stores a session key for every printer it knows, indexed by printer ID, and a

printer stores a session key for every pen it knows, indexed by pen ID. Both have a large but



The net page regi stration server accepts requests to
add printing authorizations to the database, so | ong
as those requests are initiated via a pen regi stered
to the printer. 3.3 NETPAGE PEN SECURI TY Each. net page
pen is assigned a unique idemtifier at tinme of
manuf acture which is stored in read-only nenory in
the pen and in the netpage registration server
dat abase. The pen ID 61 uniquely identifies the pen
filfife dit8ed\&ipREifeion sésslon Keys) ané twil Jergpea sesaon key on/2 lgast-recently-
nunber  of netpage printers, and a printer can "know'
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regi stered, t re ar | 7 ther i
i o0 oHSF oty AR LR tos R STey , BERERr aiBtine whoter
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wha Begibtemd th iy thepringereliihe prifses Meantde kaow degrep hujdggsn’s, then
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fofj&%ﬁ;g%tn or hd Pen td dse, add deb @b Srdnbits tHeQBibrCkdyean the printer. It also

regi‘'stration procedure. If the printer isn't meant tﬁ) .
trdosimits & h?)y qfidhg sessiem k¢)|t engypedswith the PERE KsknTxegnggtRyr che prnter
it until.the | L R thédnerypted sessi
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realrpansmde@ryipf@eﬁ%%%lf?rlrbei’gaftsri%“?sﬂ% EPIY%SHG the printer
transmts the pen ID to the netpage.regist.ratio
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The pen uses secret-key rather than public-key encryption because of hardware

performance constraints in the pen.

3.4 SecURE DOCUMENTS .
The netpage system supports the delivery of secure documents such as tickets and

coupons. The netpage printer includes a facility to print watermarks, but will only do so on
request from publishers who are suitably authorized. The publisher indicates its authority to
print watermarks in its certificate, which the printer is able to authenticate.



stores the session key internally, indexed by the pen

ID, and transmts the encrypted session key to the

pen. The pen stores the session key internally,

i ndexed by the printer ID. Although a fake pen can

i npersonate a pen in the pensg.egistration protocol,

only a real pen can decrypt the session key

transmtted by the printer. When a previously

unregi stered pen is first registered, it is of limted

use Umhé Fwitbrmdak” phitik@Oprbces usesedn allriatige slitberadathixtin specified

“un-owned" pen is only allowed to be used to reguest
- “wegtermark”| Tegions w6t the ag Jiack-teracke Rages SORII, FIUTOF-if3 s v atermark
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publ i o-key encryption because of hardware performance
viewed togetheri %chmeg gléloﬁ-é’ﬁg thyoughibe pript MENTS The

net page system supports the delivery of secure .
docunit effestiistsimian togkeatsmarkd in et dneot viviele ydep Jepking at only
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suitaply authorized. The publisher. indicat,es; |
it hobieby o ey Kefirats ek b2, bt G Bl netwage copy
m¥¢hafitmt ddSerided it SEctich 109 hifove OTHIE leRRNds ©adopying Métpagds@n netpage-
"wat er mar k" printing process uses an alternative
awire phatogepiersi x i n specified "watermark" regions of the
page. Back-to-back pages contain mrror-imge .
wat erSesnie dacygients saroityrisally genetated ashpast Of ierRogunergm gansactions.

dither matrice sed in.od n V, S cantll8d r
They faBter foé"e d’é‘i‘i‘%ﬂgﬁ 5" %r"g‘aﬁ‘l’é‘g‘ pgn‘gﬁﬁﬁgﬁe?a nce eiE % ectit§e uset
re%%le&git biome@igl Pifsmatien withe R nétpget hugistratahiservery dsydescribed in
ooki ng through the printed sheet. The effect is
Sestigfd-ar to a watermark in that it is not visible when

| ooking at only one side of the page, and is | ost . .
when When peegentéds withps Secussy npigpge oswsieRs  thpgapier) can. verify its
I t ' ' Lt .
i e
onBbwulid. fo itieslifetiine ndshd docuaeyi, rgd setuypa dequnuant s prgdlocated non-
- awar e phot ocopi ers. Secure docunents. .arg typicall
copjagopsly d BIEveph el Pregictgf, SBPRIIRGE CPrest A SRy, document
vefifibhtibh BeL ERI Be d6VRIopEE with BullERY fe8dHRGIO bR FeAfMtatION iffifure)as support
captured when the user registered bionetric

eagyrointreiprasentatfiontdocpment sepfefdioRegi strati on server, as

described in Section 2. .
Clearly neither the watermark nor the user’s photograph are secure in a

cryptographic sense. They simply provide a significant obstacle to casual forgery. Online

document verification, particularly using a verification pen, provides an added level of

security where it is needed, but is still not entirely immune to forgeries.

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

handlers and are persistently archived on netpage page servers. It is therefore impossible for
recipients to repudiate delivery.
E-cominerce payments made through the system, as described in Section 4, are

also impossible for the payee to repudiate.



When presented with a secure netpage docunent, the
reci pient can. verify its authenticity by requesting
its status in the usual way. The unique ID of a secure
docunent is only valid for the lifetinme of the
docunent, and secure docunens7-lDs are all ocated non-
contiguously to prevent.their prediction by
opportunistic forgers. A secure docunent verification
pen can be developed with built-in feedback on
4veri f Ece¢iromd @OMMERCE MoODEUppoOrt  easy
poi nt - of - present ati on docunent verification. Cearly
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seipey Gtepmin B0t eyt el Qs DFRARSstems may aso

bé@lehjably to forms handlers and are persistently
archived on netpage page servers. It is therefore

| "POSK Bk daPdholdeRE bl RiBfcRarit® ré%&él‘d&ﬁ{ 8 @RlficHRr duthority and are

E-commerce paynments nmade through the system as : .
- issled cwittb eettificat@e critaining , their @ublid signatwsdkeys-bFke £estifigate authority

ST NN TETINL ML M

mEEARR réERatibh SctABCWItE tHel RGdifer Ak eppFoiuga ClardhvldeStah) merchants
- systemas one of its payment systens. rﬁE’T’ hav"Leg% .
stere etheit owREHISIPEYALN/FENaISs KeySapruiglys an heir Sogpnt Puring the
[1S¢ y h
Bl BropaL Bidhe B ABueF R, biti®] Bubl REhEube WD Rerchant and
cardhdiies nfdtataudfentidaee thymédotf toalbrmymest gagiway. used. O her
paynment systens may also be used. In SET, cardhol ders
and n$EThanis yeebieatadopted Widely, gartty bacawst eapdivlder mgintenance of
and are _ssued with certificates containi,ng theirt e
ke b CRiGFPAGRL M Q0BSIACTSCTRBTAGEOME, JFTn , olHprs viich maintain
ca}’(ﬁlbic?]a ﬁ%s and 2&tROItEEIn  s&rQ anlifghlel (RO cA8hAHérSackédst Rial ifassword
card 1 sSuer as appropriate, and verifies a nerchant's
havegiebwitlasanmnsudestsai | s with the acquirer as appropri ate.
Cardhol ders and nerchants store their respective
private signature keys securely on their conputers.
4.2ur i rRET RAYMBNTSent process, these certificates are
used [hQhéukipagd Yysbamh N hepadecregistratiah sgtverams as a proxy for the

netpage user (i.e. the éa:dho]der) in SET payment transactions.

The netpage system uses biometrics to authenticate the user and authorize SET
payments. Because the system is pen-based, the biometric used is the user’s on-line
signature, consisting of time-varying pen position and pressure. A fingerprint biometric can
also be used by designing a fingerprint sensor into the pen, although at a higher cost. The
type of biometric used only affects the capture of the biometric, not the authorization

aspects of the system.
The first step to being able to make SET payments is to register the user’s

_ biometric with the netpage registration server. This is done in a controlled environment, for

example a bank, where the biometric can be captured at the same time as the user’s identity



cardhol der, and to authenticate themboth to the
paynent gateway. SET has not yet been adopted w dely,
partly because cardhol der mai ntenance of keys and
certificates is considered burdensonme. Interim
solutions which maintain ca&gdhol der keys and
certificates on a server and give the cardhol der
access via a password have nmet with some success. 4.2
SET PAYMENTS In the netpage systemthe netpa

is rvegﬁed. The bizmetiix isevaptacsisand storedbinothy ragistrationeda %’i@ﬁ%é}g@d to the
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user's identity is verified. The bionetric is

actsap theruser” quxzsmomlqnng ﬂw&&lé@qmeﬂwh%t abase,

linked to the wuser's record. The user's photograph is

al so optionally captured and linked to the record.
4.3he IMCROFAMENISr regi stration process is conpleted,

and t1e degfapé bysign Ricludad £ niclgihisn fo? milseypagumelnts, to allow the user
. certificate are stored in_the dd{abase The uscﬁ cf
to (hgyaeEyRniGREY @harﬂ% forerringing ilew-sps glocamenta.an dgmaachgng fog copying
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mdﬂlred i pmtmgadvmsng umteripl. Shp patiee detends o hentavel of subsidy already
| ete a paynent, for exanple by signing a netpage
P“b"r‘ 0 G ¢ he pri nter securely transmits the order

i nfor ion, the Dandthe bi metrlcdt
net paen B useriggER Wer surmertes EFoh SR if pLBIpg which
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pen ID and fromthen on acts as the user S proxy in
~ang prﬂa@dlnm@ebttﬁélaswwm#ﬁn@r‘bhﬂmﬂ Wechanism.
M CRO PAYMENTS
The network account can be extended to aggregate subscription fees for

periodicals, which would also otherwise be presented to the user in the form of individual

statements.

4.4 TRANSACTIONS _ _ _
When a user requests a netpage in a particular application context, the application

is able to embed a user-specific transaction ID 55 in the page. Silbsequent input through the
page is tagged with the transaction ID, and the application is thereby able to establish an

appropriate context for the user’s input.

When input occurs through a page which is not user-specific, however, the

application must use the user’s unique identity to establish a context. A typical example .



The net page systemincludes a nechanism for

m cro-paynents, to allow the user to be conveniently
charged for printing | ow cost docunents on denand and
for copying copyright docunents, and possibly also to
all ow the user to be rei nburged 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

ind619 e HldirgSiteRfit fadth b preptinttl cdralogpagedo aticaser’s virtual “shopping cart”.
m cro-paynments., The user recejves a t@%kgmen ol atP stem
To protgch theyaesTssprivapy hewavesthe paIaug HSer JYt ﬂ%ﬁl&ﬁ; §8pPEee 5
. balan I SVRANAH ion providers
i BRLRFY RUed B SefRhe Y ARD preTRanAl S apgRtion p
fré Raly dirtlating weepchdently pesumditedibehaviatil ditawoul d al so
ot herwi se be presented to the user in the formof
i ndi Vil abtpagd AHRALS servert insRANSAGHtANNSa\haonymmous eelationship

requests a netpage in a particular _application -
betwednex tusert fsl apEPPhcatipdyia psUmgice aliss ﬁ?rt?édafashown in Figure 24.

ser-specific.transacti A » attribute, the netpage
Wighevat e e ﬂ%ﬂmte%ﬁ@&éﬁﬁ%t%@eﬁﬁggﬂm% Rogod W th the  pee
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topethen Wit B4 61 ot 8 alins, B & IL%&B@ % fhen ubpipted to the
us i Tl however, the application nust use the
hygglg{pkigpagﬁql%hén'i dentity to establish a context. A
typical exanpl e 29 iV | dAOin &R0y SRS, and is able to
pre- pﬁ%f’%@i%na ogtab%g%tgg&toﬁg%@er' S Vi ryt ual
retrieR® Piir-APectiY dtdte infdrtmafion tvithouttkinewledge bEthp globalddentity of the user.
however, the unique user ID 60 known to the netpage
Syst efhe éysteRr @fcemhaitainsnatindtpendegecerti ficasppidipriaate sigoature key for
This is to prevent different application. providers
cach ORAKET PPHSHIORS A0 HgW ma%asﬁ@enﬁﬁ%wa&feﬂ%aﬁ%s S behalf of the
usBERay -shB&rOskRARRoK.€0i Stration server
us?.nst eéacgﬂ%pﬁ?{étlﬁﬁsgp-an anonyrm(l)Js relationship between a
user LA QRN BroBudt tad UBdAUIS) “Hpbdfink Bsctivations,
shomf?gssﬁﬁ@&&?gs@&%'ﬁﬂ%‘#e@é’rut he user activg%)es a ,
thé yysénh iredords agfyectiteiapplidatien tn bghalf of g usen for pay(munber jof product
net page page server asks the netpage registration :
rver to translate the associated application |ID 64,
together with the pen ILD 61,..into_a lia 54T
al i asEd ¥ ,E‘P‘ﬂ@ﬁ k“uEﬁﬁ?‘E‘?tE‘g Wil @R 2PPNGHIOR rr?llé%agp’ und 4 systemn
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I nformation indexed by alias ID, and is able to
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.

45  RESOURCE DESCRIPTIONS AND COPYRIGHT |
A preferred embodiment of a resource description class diagram is shown in

Figure 40.

 Each document and content object may be described by one or more resource
descriptions 842. Resource descriptions preferably use the Dublin Core metadata element

set, which is designed to facilitate discovery of electronic resources. Dublin Core metadata



retrieve user-specific state information w thout
know edge of the global identity of the user. The -
system al so nai ntai ns an i ndependent certificate and
private signature key for each of a user's
applications, to allowit tggsign application
transactions on behalf of the wuser using only
application-specific information. To assist the system
in routing product bar code (UPC) "hyperlink"

coA€driné ab ite Worldt Wedes Wab T8k @6 0ind@V3C) Resource escription Framework
application_ _on behalf of the user for any nunber. of

ﬂﬁﬁ dQther metgdata clemgntelg aAvibe¥85don i s associated with an
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systemrecords the user's willingness to receive the
subscri bed publication, as well as the expected
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A preferred embodiment of a subscription delivery protocol 1s shown in

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

The application (i.e. publisher) first obtains a document 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 [D and alias ID to obtain from the registration

server the corresponding user ID 60, the user’s selected printer ID 62 (which may be



di mension is used to represent nessage flow and the
vertical dinension is used to represent tinme. Each
entity is represented by a rectangle containing the
nane of the entity and a vertical colum representing
the lifeline of the entity. -Buring the tine an entity
exists, the Ilifeline is shown as a dashed |ine.
During the tine an entity is active, the lifeline is
shown - as a double line. Because the protocols
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The printer determines, via the DNS, the network address of the page server 10a
handling the ;_Sarticular page ID 50. The address may already be in its cache if the user has

recently interacted with the same page. The printer then forwards the pen ID, its own printer

ID 62, the page ID and click location to the page server.

The page server loads the page description S 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.
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registration server 11 to obtain not just the user ID corresponding to the pen ID but also the

alias ID 65 corresponding to the application ID and the user ID. It i_ncludes the alias ID in
the message sent to the application, allowing the application to establish a user-specific

context for the hyperlink activation.

53 HANDWRITING RECOGNITION PROTOCOL
When a user draws a stroke on a netpage with a netpage pen, the pen

communicates the stroke to the nearest netpage printer. The stroke identifies the page and a

path on the page.



page server 10b responsible for the docunent's newy

al | ocat ed ID, together with the requesting page

server's I D and the hyperlink request ID. The second
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the application tO establish a user-specific _context
semr Thie @agessevet appendscthe text fodhe test Blngithertert

RECOGNI TI ON PROTOCOL When a user draws a stroke on a

net page with a netpage pen, the pen communicates the
5.4t r OKYIGNATURRVERIEICABON FROFAGeL pri nter. The stroke

i dent Adsufsng! thE in}a0 elefiedt Rhoseddohie &ﬁ: dtfoke ragsects 6 3-sigature field
printer forwards the pen ID 61, its ow printer |ID 62,

_ 88p1be pagseseTver Hhanpaeds the steake t‘pﬁ'ﬁﬁ@’é“fﬁ%‘%é&@“@'éfﬂﬂ‘rer 10
in the usual way. The page sérver |oads the page
“desc rAfwri aonmed piimactivity de thetzpne pEthe sigaatirs fely the page server sends

?éne er X %FdlhE%&ke@ lt(? ﬂﬁ%gl%trﬁ%eseﬁ@r 1 ffor%ﬁﬁcﬁtﬂsﬁ It also

sum n rel evant | npu
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iddifiBeP FRE uSET MftfesEE id1ehe pen, and uses the user’s dynamic signature
biometric 818 to verify the strokes as the user’s signature. Once it has verified the signature,
the registration server uses the application ID 64 and user ID 60 to identify the user’s

application-specific private signature key. It then uses the key to generate a digital signature
of the.form data, and returns the digital signature to the requesting page server. The page
server assigns the digital signature to the signature field and sets the associated form’s
status to frozen.

The digital signature includes the alias ID 65 of the. correspondihg user. This

allows a single form to capture multiple users’ signatures.

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



pen I D 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 accunul ated handwiting nodel 822 to
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pr@g%ture tiple users' signatures. 5.5 FORM
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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 §27. It also notifies the application provider.

If the application provider needs to credit the printer provider, it sends the printer
provider credit to the original page server together with the hyperlink réquest ID. The page
server uses the hyperlink request ID to identify the printer, and sends the credit on to the
relevant registration server together with the prihter ID. The registration server credits the

corresponding printer provider account 814.



the corresponding certificate fromthe registration
server 11. 5.6 COW SSI ON PAYMENT PROTOCCL A preferred
enbodi ment of a conm ssion paynment protocol is shown
in Figure 47. In an e-comrerce environnent, fees and

conmi ssi ons may be payabl e f-€8m an application
provider to a publisher on click-throughs,
transactions and sal es. Conmi ssions on fees and
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ppovidarder 70a (e.g. nerchant) to the source application
provider 70b (i.e. publisher), and fromthe source
application provider 70b to the printer provider 72.

67he t NeyercEPRNDE3CRIPMONECEi ves the hyperlink request
ID fromthe page server 10 when the hyperlink is

fd rst f g as described in Section 5.2. \When the
611 PRIV ?‘ﬁ

targe |ct|on ne dsto credit _the .source
2ol | CECFHME 57 BEHERE 3 O, GieReG SeHEraly JpyBHechy reference numeral

161, QHdIﬁH%E ah | fo2tif tﬁeﬁ%nﬂ bk ag%gﬁkﬁ RidYfdi halt \; N8l wARQDY BEfining an

w'th the hyperlink request e pag uses
nttd:rmr heppeer 104nborrmeourgiag th®pew comipartenfsy Thaeesdup dO5 is in operation

o ARl e 36 R 108 4t frennsa O 4 RemiBamparent Sver 107 is
se%ﬁﬁh'tﬁ qhd Bfposi: BAd 108 D Wh&ERMEES02. IThe R3veraftd & b@so of moulded

hyperl i nk request ID. The registration server credits
plastics.candrie Spyeedifiogn semipransparend magerisl inerdes togenablgrfhe By to view
thbtstafds%? tlﬂa%]i]ﬂf) 'n%%n%g r%ﬂﬁtglgglg ‘ﬁ?%u‘gg?le(g ?‘K% gcgw;eﬁ rllbi é:ﬁl%es a main part

I cat1 on provi
IQﬂ'Wlulchl mhstanﬂalls@nﬂsuﬁd&&h@ end 108 of the hotisthgr 102rand Iatpréjecttdgﬁportlon

e server, together. with the _ hyperlink
E!egpfm%tsg‘ﬁmg trpag he e 9ead tﬁﬁ%ww%& ForFeponding slot 111
fofrﬁéﬂJﬁxs&e kit Q03 deMd fohsinB € 0Br ANb&b anftia 385 &S mblifted behind the

credit on to the relevant registration server
prejsefinginertion 119, withinghe housingl 11112 Ferew tlergadst lrlétsu:murgbng/m aperture
edjitg. t resp | Mo PL e, acco
ghSTh' B 5 7 FEDBAILDO PABIR  Po0y] J80 ASSOYRL icuin
cotrpspoﬂdhag |syrewothidaide d 1 ©if The metaﬁ efd ipiege Afl 4tiB@emavhbi to enable ink

caﬁ:ﬁ@g?lt caltl on {_)row der, and the printer provider of the
he source application prOV|der 6.

NETPAGE PEN DESCRI PTION 6.1 PEN MECHANI CS
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 & stylus 120 with stylus nib 121 are
‘mounted side by side within the housing 102. Either the ink cartridge nib 119 or the stylus
nib 121 can be brought forward through open end 122 of the metal end piece 114, by
rotation of the pen top 105. Respective slider blocks 123 and 124 are mounted to the ink
cartridge 118 and stylus 120, respectively. A rotatable cam barrel 125 is secured to the pen -
top 103 in operation and arranged to rotate therewith. The cam barrel 125 include§ 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



Referring to Figures 8 and 9, the pen, generally
desi gnated by reference nuneral 101, includes a
housing 102 in the formof a plastics noul di ng havi ng
wal | s 103 defining an interior space 104 for nounting
the pen conponents. The pen-g®p 105 is in operation
rotatably nounted at. one end 106 of the housing 102.
A sem -transparent cover 107 is secured to the
opposite end 108 of the housing 102. The cover 107 is
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housi ng 102. A radio antenna 112 is nounted behind the
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a normal mar ink pen and as a non- mar ki ng
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en {E e a1 RE rivslish A 2o ler Hap 170 0 R QUi orgign of e
peftl An bpficsOblodlh esss(twhmi ﬁ&hbnéxﬂdedlaéhrl}ﬂhsﬁésf) ts@tmwﬁmr mercdver 107

t hrough open end 122 of the netal end piece 114 &§
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detects light from the IR LED 143 via reflectors (not shown) mounted on the slider blocks
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~ Rubber grip pads 141 and 142 are provided towards the end 108 of the housing
102 to assist gripping the pen, and top 105 also includes a clip 142 for clipping the pento a

pocket.



are: Stylus 120 nib 121 out; |Ink cartridge 118 nib
119 out; and Neither ink cartridge 118 nib 119 out
nor stylus 120 nib 121 out. A second flex PCB 129, is
nmounted on an el ectronics chassis 130 which sits

wi thin the housing 102. The.gecond flex PCB 129 nounts
an infrared LED 131 for providing infrared radiation
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bar r elContze. daje i dhe lpsptonrtag Mgy dadwleccontiel bifsynsfating the pen to
allvhfdl & EGeE m’bﬁﬁlj.e@d;qu' fic Lo ﬁlele W 113 HRRIRAEIP 1 Y6, which
contacts. An induction charging col 140 is nounted
bedones yeltoaw whethe peh dzteRfiBes] Zi®nt the enutindl alatacthabthgiareg thit is being

.the hattery 139 yi i nduction, The secand flex P, .
imjaEed 3 € AU PO S ST RSRIRR DI PTG G, Y ERRas To the active
a1eh OF A HuRSE o Bbefitk M} BE blcdddedioSihiofe MR LED) ghvg: ©aiser of the

barrel 125 when either the stylus 120 or the in )
perayisyal depdback ghdt she bustonfoy hyperlink isactive whenithe pew 18h apsses over it.

a t 1 nation of t for | . [ :
17 b8 el 85 A58 Spoll AR 59 g g, s o
regivatondhOsefadedwhich ebe&pondsitg b lsighttare it afdd dafirbe tddded & capture
reflectors (not shown) nounted on the slider blocks
coptinuoys yen ace. Rupber grip pads 141 and 142 are provi ded
towards the end 108 of the housing 102 to, assj st .
gri ppPenyadtiee 1slative sndhe syfaroonay semprise| 4 daies Picstokes; 4} stroke

cof&%%ﬁ&gzi ’E%é{%%ete Jigmpéi Be@pen%ﬁﬁhs ofi ﬁl%'suﬁ'ac?e, _BEtll\é.tedhby pen-down

en 101" 1s arranged to determne the
evpntsind; complisted bysa mitisequens/pansumévsntl Notethat pha foregroan jbg drterpreted
.b 119), by | ! i n,the j.nfrar.ed spect » e :
te%#l\’? %oe a St}'nﬁp¥l'g)&£%? %{Ri?cﬁée \\ylhgl ex ? pen i§ uﬁ" &F Ladill, 3 WRUCA being
interpreted as a continuous value, for example when the pen is capturing a signature. The

sequence of captured strokes constitutes so-called “digital ink”. Digital ink can be used with

a computing system to form the basis for the digital exchange of drawings and handwriting,

for on-line recognition of handwriting, and for on-line verification of signatures.

Utilizing the RF chip 133 and antenna 112 the pen 101 can transmit the digital ink
data (which is encrypted for security and packaged for efficient transmission) to the
computing system.

_ When the pen is in range of a receiver, the digital ink data is transmitted as it is
formed. When the pen moves out of range, digital ink data is buffered within the pen (the
pen circuitry includes a buffer arranged to store digital ink data for approximately 12

minutes of the pen motion on the surface) and can be transmitted later.



of the nib. It records the |ocation data fromthe

nearest location tag, and is arranged to «calculate
the di stance of the nib 121 or 119 fromthe | ocation
tab utilising optics 135 and controller chip 134. The
controller chip 134 cal cul ates-the orientation of the

pen and the nib-to-tag distance fromthe perspective

di stortion observed on the i maged tag. Control data
fromthe |location tag may include control bits .
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igge e
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by " merndgge B ibedis 198 sty i e gt st 2! K Fansosiver
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Ive to a to indicate whet her the pen is
whith" incindésdomRE cirasit We hnchBF resonatory sndeindpeters d 5§ copnected to the
con%baﬁous val ue, for exanple when the pen is
a'Etﬁ‘EH fng a signature. The sequence of captured

ko he Beortillng Ripoess 195 sraieres AP i5rtes IBfagion e bl tags from
Qdtfacel V4 the E‘rﬁa%ii sOhsoR | 32 xRANE ehedforddrsandon flsotadicde 144, controls the

andwri ti ng, or on-line recognition of handw.iting, .
LEPd Fl6; 18h-aninkt3y end fhiandley shorbrange gadie (fosunungatipn e radio,

the R | ;133 d TOCESSOr.

BRI o R A ey ppa g (HBMIRS gl ipdERISC proce
H d f - - - . r

The " ObipREr Ao hegbivel S finchls B G-Bhgdifer 153 and

bz}{s@l@@ﬁ\éﬁﬁ:% 1 B@t, Ehagetsahsot litkenﬂa&"etaSR,fsﬂashanMIg_t léqtaaé 512KBHRAM
or ned. en e en ve 0 r e | 4l . .

14 taEmBe oh BREIGCOMRALE S Gyehried B SRR R, e 155 and

FRGOHAGS afd BiahEisss 1367 28 8RVideQ iBihesepastitgRFahip. nk dat a

“tTor approximately 12 mnutes of the pen notion on the

S S5 500 s SO ot St 2151s v
(sidD aisansohds peoducedi pyuMatsushita Electronic Corporation, and is described in a
paper by Itakura, K T Nobusada, N Okusenya, R Nagayoshi, and M Qzaki, “A 1mm 50k-
Pixel IT CCD Image Sensor for Miniature Camera System”; IEEE Transactions on
Electronic Devices, Volt 47, number 1, January 2000, which is incorporated herein by

reference) with an IR filter.
The controller ASIC 134 enters a quiescent state after a period of inactivity when

the pen 101 is not in contact with a surface. It incorporates a dedicated circuit 150 which

monitors the force sensor photodiode 144 and wakes up the controller 134 via the power

manager 151 ona pen;down event.



10 is a block diagramillustrating in nore detail the

architecture of the controller chip 134. Figure 10

al so shows representations of the RF chip 133, the

i mage sensor 132, the tri-color status LED 116, the
"IRillumnation LED 131, theslli force sensor LED 143,

and the force sensor photodi ode 144. The pen .

controller chip 134 includes a controlling processor

145. Bus 146 enables the exchange of data between

CONP oMK NYadio Oifansdebves @biiminicates dinite diliensed 2AMHbangd normally

147 and a 512 KB DRAM 148 are al 50 i n¢lu .. AN . .
useiion cpdies ieeplcns, of KRSl 2% WAREPIPA G PRLeuial sieatii

onver angl | £ e611iSiBA Yetection to provide
an I’?b?dgﬂ’f gggﬁlbﬂg’t aégglgglh%b‘é{n{)g:%g#ﬁ An | mage sensor P
intbiférefidedER cdmdunitagsd. aces wth the i mage sensor 132. A

transcei ver controller 153 and base band circuit 154

are also included to interface wwth the RF chip 133
6. 3hi clpanEbti@es an RF circuit 155 and RF resonators and

i nduct or.s 15 onn t.h, s body 135.
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153 amyd optiad @ating dedipedi tb dkBvr a shampgmage s the imagayenggyd32 of

152, flash nenory 147 and.512KB M 8. Alr.
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re(fﬂ f %%}Isgés gBEla%'r)”._ &k prifiafy fodthg Rimét SOMaobjestivriens 160. This

nduct ors 156)

are provided in the separate RF chi By th
is dlbe usedrigaewereso mrojsctalhgabatm fpmithe R AbprsticateD 151 onto the

r.esol.yti gn 215x215. pi - _
w5 0, P TR S oG ISR gy s
and @SCIRI DED 1310 28 thePfap&y ofbiiie bbjaktiveaa biar splittarsidfds uped to split the

Okusenya, R Nagayoshi, and M Ozaki,, "A 1l k-.Pi .
patimleé@mgqr#ﬁg@abs o317 gd Mﬁﬁilﬁﬁﬁéa&ﬂ@wﬁ%ﬁf&“ﬂﬁg%%ﬁmﬁ

' H fACldspittiGelPEThis @Ro alolvs differeiituatiesiures to be
sm}?la?g%g%& 9{&3%{8%@)\/\}1?% }lgi&li%corp;ora?ed herei n by

impestéorthegivopathh. an IR filter. The controller ASIC 134
enters a quiescent state after a period of_ inactivi tt%/ and
when The ledgesenf thidiindge semsor 72 e thet fisld stop fosthecapture figld, an

they RO PR 1S AR PR e Gt ol i, eI FARIA BF Siew s a5
recaRBd (iQ Just urkRA204 for tfeeapplivetion oftisgrebodifen®rilte illumination path

en-down event. .
is c?esigned to produce the same object space field of view as the capture path, s0 that the

illumination fills the object space field of view with maximum power and uniformity.

The ]R‘ LED 131 is strobed in synchrony with frame capture. The use of focussed
illumination allows both a short exposure time and a small aperture. The short exposure
time pre;\'rents. motion blur, thus allowing position tag data capture during pen movement.
The small aperture allows sufficient depth of field for the full range of surface depths
induced by tilt. The capture path includes an explicit aperture stop 191 for this purpose.

Because the image sensor 132 has a strong response throughout the visible and



-69- The radi o transcei ver comrunicates in the

unl i censed 900MHz band normal |y used by cordl ess

t el ephones, or alternatively in the unlicensed 2.4GHz
i ndustrial, scientific and nmedical (I1SM band, and
uses frequency hopping and cmddision detection to
provide interference-free comrunication. 6.3 PEN
OPTI CS As di scussed above, the pen optics-are

i npl enented by a nol ded optics body 135. The optics
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the .and .separate. rel | ens ' :
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different apertures to be inpgsed qn the té?opf)@\tpglild .
mT¥alse g eaptwed andcontigeussaiisops disussed mbaxs, {4 ynamics

tQ or, t ure field, and the capture path is
Oles ﬁﬁlé%tﬂs%qﬁeﬁg?&'the resul ti ng object space angul ar

fiel f Vi S r P -
the. abi rehsEshbsf Sieyfogth aidotim fon ot B a3 1200} e sufuce
by?@iilggngl 1&;1 @l_esrh@?aﬂsliﬁetrm,odmrea bﬁmﬁ$mfmedgjtmﬁcmmoé the nib 119,
e of view as the capture path, sq t t .
121} It grqadst the Aearrst fag an?eaﬂgﬁP’é‘BP ey B’&@@S‘F?‘é?@%f“%ﬁi Rl 3kiigtive to
thEFoth it 12 PORT the Besetidl REdPedite dlfteibe bR tHeInaped G208 @ known

I'n synchfony with franme capture. The use of focussed

gepmetyrofitheipon optidschds (bestlnter). Altheughdhqpnsition resoiuion i the tag may

spal I, aperture. .The short exp r t :
o B O Pl RS e AT B0 YRR, e 200 o
resbiitionGedqifrad for\aediRate handWiitingredolgnisipe (seel atvalréforence).
sufficient depth of field for the full range of

sur f aeg &bEphd Eelativedt GE Surbive tard kaptdieé as apsanive of strbkes. A stroke
i ncludes an explicit aperture stop 191 for_.this..
coptisth 6 @, sequence of time-stamped pen positions on the surface, initiated by a pen-
down event and completed by the subsequent pen-up event. A stroke is also tagged with the
region ID of the surface whenever the region ID changes, i.€. 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,
- The pen controller 134 starts with an empty stroke (at 164). It then continuously samples (at
165) the nib force via the force sensor photodiode 144, checking for a pen-down state (at



Because the inmage sensor 132 has a strong response

t hroughout the visible and -70- near infrared part of

the spectrum it is preceded by an infrared filter 163

in the capture path so that it captures a clean inage

of the tag data on the surfaze, free frominterference
from other graphics on the surface which may be

printed using i nks which are transparent in the near
infrared. 6:4 PEN PROCESSI NG When the stylus nib 121
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corrp positio 9, 121 rel at|veto
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adj usted position resolution is quite high, and easily
witkibepets the 200 dpi resolution required for accurate

handwiting recognition (see above reference).
act i cFabler4lists theeomponents pfithe eavadigitel dpk wansenitied fEPIEl, @ﬁ Reg to the

trokes St onsi o INf=Talo
wﬂpﬁﬁ“%i‘%f?ﬁ“ef%’é $ 695 ss?tdl1 &hs ?L&F%&g?hggace ﬁﬂ? aw djgital tnk.
Dlﬁital&nlp wmchm@mm fh tleenpercetgl teqen by wioHengs ufiiexisestared in the
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Tablie. kQQIrngﬂﬁé,ﬁ;@ its position on the

sur ace a al so gi on data i ndi cative of the region

of the surface wjthin which the tag Hies-
raw digital ink unit precision range
component (bits)

pen ID ' - 128 -
nib ID. - 128 ' -
absolute time ms 64 -
last system time ms 64 , -
regionID ] 100 -
time offset ms 32 -49.7 days
tagID _ - 16 -
x offset 20 um 59 +10mm
y offset 20 pm $9 +10mm




Figure 68 is a diagramillustrating | ocation tag and
stroke processing in the pen. The pen controller 134
starts with an enpty stroke (at 164). It then

conti nuously sanples (at .165) the nib force via the
force sensor photodi ode 144, yghecking for a pen-down
state (at -71- 166). If the penis in a pen-down
state, the pen controller 134 captures (at 167) an

i mage of t he surface,-locates (at _168) a tag in the

ca tﬁur 1;9 gﬁ/ e c?d& &at 169) tzgg data fromthgoo

e~ |.JC| |..ruo| +Hon allu ortentatTon

yrmt@bn(mlilo t he surfa@meeand appendd (at_ 171) tK80°

prﬁé"hbﬁgﬁ ata to the &:éé{.ercent strokgrdata. ©n det ggsd on
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zfereeup state after a pen- dovin st ate8 as i ndiicat ed A3y
the presence of a non-enpty stroke, the pen
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transm stroke ata-via the
tHe3Syseent) iAnhe fuorm dﬂﬁxaw digidak irkohgader 187, ©f sheepen 1R, nibdh, current

chehite R g 16 Fptsp B ﬁﬁnfh?alfr?eé(%{re Pipcdstemnrgion t Soifl offine
sozﬁﬁ% ' g@tle&% ICB%E?"%%‘Eﬁ d.n.tt 3h ﬂfe cHEQTocRRAY imi%ﬁl%’ﬁ Qﬁy digital ink

e proces e pe I's active.

r@eived ﬁronuthc@kn mecgdingly. Bhecpampthen sypchipgizenits t#at-hran §lﬂ°k with the
st AL e ok R v B aeuD A e oM gt o dentty

tiieSpdRSithen'thé i mof R ofé pon BEIRE Wheragd syt Bicoipating dystem. Pen
pen's internal nmenory is full the pen ceases to
U@%lptabﬂb@ intipgttand in |SYﬁtemﬂ1‘d’h40h§lSeé1@P Petaioridentify &n opngy of the pen, for

ney, [th
ﬂ%& |"¥t ¢ ké,‘ﬁﬁ‘le C O nmponen %%&#Mdfrﬁge?tgwwﬁllé?%e?t a 'Bﬂ{ér ﬁmbOdlments
tlilf fiag ot be ebqbiradNThB @t ED allows e conguping isysters ys identify which nib,

69 di | | ustrat th t
S e Sl oS S e T S e
?ts B EaddiEdtpLifn nivwhi¥Phik i§8eiR ddel Moriekarfiple,i€ thelifk cartridge
t same formas digital ink which is transmtted to

nl.'bhlel 94y beisgnsetltht eomputingwyeirmiroay daferioredising fesiback: epfput because

e b T 0 SBIRANED ik e et

nﬂbd&ll ishestgoued, itheecoimpulidg system may produce immediate feedback output.

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

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

pen positions, and may be constant for the entire stroke if the stroke is short.

Since the pen samples its positions and orientation at 100 Hz, pen positions in a
stroke are implicitly clocked at 100 Hz and do not need an explicit timestamp. If the pen
fails to compute a pen position, e.g. because it fails to decode a tag, it must still record a pen

position to preserve the implicit clocking. It therefore records the position as unknown, in



region iD - 100 tine offset ns 32 49.7 days tagiD -

16 - x offset 20 mS9 10mm vyoffset t 20 gm S9 10nm

-72- x rotation (pitch) degree S7 900 y rotation

(roll) degree S7 90 =z rotation (yaw) degree S7 360 z

force - 8 255 Wien the pen 1@3-connects to the

conputing system the controller 134 notifies the

system in the formof a raw digital ink header 182,

of the pen ID, nib ID, current absolute tine, and the

th@ $orni v cdnU uskrioimiie pért poditian 1188, &llawing Hthe spmpelingpsystem to later
oi ng offline. his all ows.the systemto conpute

L0 g ). .

L 9 e PP: shift any digital
BiFPOkE %ﬁuqrhféorgé%%cn&? AFRecess
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system Pen |Ds may be inportant in systens which use

the pejindeGhd A8MIIDYs 8ohsRMRE by béiBedatiRe stickies, tigqgenonty, records
and interact with that owner in a particular directe

thearegion ID| wheotihehangsyirodie ferm of 2 regiog chapgg 186 Thigbecomes the region
equi.r.ed. Th i ) all he conputing systemto

[bd%ﬂb?&&a%ﬂ?letﬁgm%?a&ﬁe?nggﬁ%rllsb 121 or ink cartridge

nib 119, is presentl| ei. '

can iy e eranedfe HES Lo petiaEn SRTL By BY 566 e pen

op@éridlly WRflls s7ab ID¥erWithoke, th thdorh o adly eifanggt75. This biddines the
I's being used the conputing system may defer producing

nfteltimpliitly gsgpgiated exith Igter Stfﬂ??ﬁ%di ate feedback is

provi ded by the ink markings nmade on the_surface.

Wher e Bathecamipdners of pistsokiethps pr enfesipprpodedantelix, e listethig hableg-
system may produce i nmedi ate feedback output. At the

start of a stroke the pen controller 134 records, in a

r ok eader 183, he el apsed tinme since the
'I{aggtggﬂ%ﬁ c?ﬁnﬂg“‘??gtpfféxé’ﬂl to the system For each
pen position in the stroke the controller 134 :

r;@gﬁ.[,géw}j}l;bdeng formof a raw pen posifit on 177, the x
and—y—oftset—of—ttepermrm 119, . from The current
TAWPENROBBOR v and 7 rotation of th '

uhi@io®@.peh posiidry records the tag I D (wkich identifies a

tatgac anvget NN aregion) 1T 1t has 1100
end of stroke 1101
region .change 11100
nib change 11101
time change ' 11110

A 10mm stroke of I seéond 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

positions can reduce transmission speed and buffer memory requirements further.



changed, in the formof a tag change 178. Since the

tag frequency is significantly snmaller than the

typi cal position sanpling frequency, the tag IDis
constant for many consecutive pen positions, and may

be constant for the entire stthoke if the stroke is

short. Since the pen sanples its positions and

orientation at 100 Hz, pen positions in a stroke are
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can directly identify the input element,

The acceleration measuréd by the accelerometers in each of the x and y directions

is integrated with respect to time to produce an instantaneous velocity and position.

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

a stroke, over which errors accumulate, is short.

7 _ NETPAGE PRINTER DESCRIPTION
7.1 PRINTER MECHANICS

The vertically-mounted netpage wallprinter 601 is shown fully assembled in
Figure 11. It prints netpages on Letter/A4 sized media using duplexed 8'5” Memjet™ print
engines 602 and 603, as shown in Figures 12 and 12a. It uses a straight paper path with the
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TR AT TIR A T
| acct r{th %g.pee? e%rtsr t(l)lg ?firslt rl]\dénrl]j%tm print engine 602 through a set of powered exit
spike wheels (aligned along the straight paper path), which act against a rubberized roller.
These spike wheg:lé contact the “wet’ printed surface and continue to feed the sheet 604 into
the second Memjet™ print engine 603. '

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



sensed accel eration, acceleroneters typically have

hi gh resolution, and the tine duration of a stroke,
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~ processor 750 communicates with the print engine controllers 760 via a high-speed serial
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The RIP DSPs rasterize and compress page descriptions to the netpage printer’s
compressed page format. Each print engine controller expands, dithers and prints page
images to its associated Memjet™ printhead 350 in real time (i.e. at over 30 pages per

minute). The duplexed print engine controllers print both sides of a sheet simultancously.

The master print engine controller 760a controls the paper transport and monitors

ink usage in conjunction with the master QA chip 665 and the ink cartridge QA chip 761.



The paper exits the first MenjetTM print engi ne 602

through a set of powered exit spike wheels (aligned
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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 IrDA interface for short-range communication

with suitably configured netpage pens.

7.21 RASTERIZATION AND PRINTING
Once the main processor 750 has received and verified the document’s page

layouts and page objects, it runs the appropriate RIP software on the DSPs 757.
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757 and print engine controllers 760. It consists of

a medi um performance general - purpose m croprocessor.

The controlling processor 750 communicates with the

print engine controllers 760s8via a high-speed seria

bus 659. The RIP DSPs rasterize and conpress page
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format. Each print engine controller expands, dithers
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ranscel vers, and
CMWKeHR pagcliegd mln@eﬂﬁorﬁr\/\LL) transcei vers. Local
interfaces include | EEE 1284 (parallel port), 10Base-T
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consists obe m@es@eaismaﬁelm yeeiglinteskop$39, aritandpsdc PEG decoder 763, a

standard Group 4 Fax decoder 764, a custom halftoner/compositor unit 765, a custom tag

encoder 766, a line loader/formatter unit 767, and a custom intgrface 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 pz-lge just loaded is printed while another
page is loaded. '

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

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

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

the field of view of the sensing device is therefore a function of the size and spacing of the
tags 4.
In the case where the tag shape is circular, such as the preferred tag 4 described
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each prints 30 Letter pages per mnute along the |ong
comiparehof GWeniy oquak gt eavilpteral riaagular fapes S8 Pharing irgf odgds 530
anPrwlve vertices 532, with five of the edges 530 meeting at each of the vertices 532.

To achieve the required tiling, ﬂle icosahedron 526 is inseribed in a target sphere,
and each triangle 528 of the icosahedron 526 is subdivided into an equal number of equal-
sized equilateral subdivision triangles to yield the desired total number of triangles. If each
edge 530 of the icosahedron is divided into v equal intervals, defining a set of v—1 points
along each edge, and each pair of corresponding points along any two adjacent edges is
joined by a line parallel to the other shared adjacent edge, the lines so drawn intersect at the
vertices of the desired equal-sized and equilateral subdivision triangles, resuiting in the
creation of 1/ triangles. per triangular face 528 of the icosahedron 526, or 20+ triangles in

_all. Of the resulting 10v* + 2 vertices, five triangular faces meet at each of the twelve



kHz at 1600 dpi. In the 12" versions of the netpage
printer, the two print engines each prints 45 Letter
pages per mnute along the short dinension of the page

(8 Y2"), giving a line rate of 10.2 kHz. These line

rates are well within the opsrating frequency of the
Menm et TM printhead, which in the current design

exceeds 30 kHz. 8. NETPACE TAGS - 8.1 TAG TILING 8.1.1

Pl anar Surface Tag Tiling In order to support

ofiginaigrerticst iof kife icntabedron i526, anidtsix matng@]gefmsexym ritt {tieaeagh of the

sensing device, the sensjng.devj t..be
regaainigg VPRAS ThAdWEiE oF W@Sr@ta&rﬁ?‘fyel*% Sp e bR ptile the
T év&ﬁ&rsq '1951 é‘ﬁle sgiﬂ%r Bf crdhtedrtexqs HRAIGE 'c@di:rall? ]prOJected
I'S p0|t|one. ere dlarreter of the field

oMbelwsphexem'vingﬁmldegmdletﬂmge is therefore a function of
the size and spacing of the tags 4. In the case where
t he t agsphbfpapproximated blyar regslac bolgtbedl'cbleupﬁma‘ oRy @drefeaugdm as a
descri bed 80 earlier, the mni arret m of eF
gepdasierand; the gargmetsr avis ireferesd £ ﬁ?egP cgff‘élﬂeli"ﬁfé’ t&age@éﬂc igure 54

triangul ar
SI%HS%,&] as sirai(v\)ﬁ %IS%AU?ghgg.? gﬁdﬁ%g%él(ﬁ%géﬁlzﬁ EQ 1. This

i s achieved whe the en e
t he sg'h% lg%ertaﬁggqmamngﬁl 1stto &h% c%t?{]oiiaa?cé B g %@dgr%dmn 526,
theffurtfebitdofrom (ﬂaés@ﬁb@éft&@@ﬂ@paﬁd heficd the lahgaren‘m weersﬁrﬁj ected onto
- . Wih _a quiet area

d
thég;lgﬁ ,(T\pem{nggxsa Vamation An the ze?fzmasqtg; ?u%ﬁlV@lO%%gieSﬁl%ngson
verfieh Sﬁ?ﬁ%teﬁﬁn gb@% la(:ecppnobr m:'o_lééhﬁﬂg afQ 88, %ﬁ%@sahedron—

nmove I st ancés ap where's is at least as |arge
Baxed Metbdubﬁ:r Rmézmgwthm@nlwuell Splste”y iAol Lettergi ¢&h LI, Bcober 14,

ey Y RN 8 SERI, SR s e

versR m%&lst 6° rmi«s irfcAGsds SRERIvE) &e%ﬁﬁh&rdeﬁh&ﬁbjﬁ e ﬁvgﬁﬁhglbﬁ' faces

moved apart by a m ni num anount gi ven by EQ 3. For
sugbending eathaoriginal verey, b@omss quaemﬂryeﬂama@o&hs vertex eiglfrmf each

.at d in o i et
AP e DDA N 21 R o oo PG o g ing of
égﬁmieaﬁ al 12P @Rs@l R TS HasdeQerpa Isq\/l%rt{rﬁ& théehgth RIS two sides.
+ U in EQ2 gives EQ 4. For a_256-dot dlarretertaf;ﬁﬂW
0 €W 1S

The maximpay 9g pecing o dori Brespupapey ofrralailatingothe gispser fig
théréfo?egéios%%ﬁ 18%Swih mg diameter of 256 dots and a quiet area of 16 dots, i.e. an

effective tag diameter & of 272 dots (~4.3 mm), m is therefore 643 dots (~10.2 mm)

according to EQ 2.

The angle subtended by each edge of an icosahedron at the center of the
cucumscnbmg sphere is given by EQ §

For a sphere of radius r the arc length of each centrally projected edge is rB Given
a tag diameter of K in the same units as r, the number of tags » requlred to cover the sphere
is given by EQ 6.

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

If 7 is limited to 2'°, to allow the use of a 16-bit tag ID without requiring multiple

regions fo cover the sphere, and X is taken to be 4.3 mm as above, then 7 is limited to ~310 -

min.



8.1.2 Spherical Surface Tag Tiling A regular

i cosahedron is often used as the basis for generating

an alnost regular triangular tiling of a sphere. A

regul ar i cosahedron, such as icosahedron 526 in Figure

53, is conposed of twenty egual -si zed equil at er al

triangul ar faces 528 sharing thirty edges 530 and

twel ve vertices 532, with five of the edges 530

meeting at each of the vertices 532. To achieve the

requi Aegpiéal lgiob@ has 8§ eadisasfal6o diin ItsSptGjetted iartslength efl~177 ram fits

target sphere, ~and_each trlan l e 528 OE dH%%UﬁE

41 e treaed egs 36t BosEINR widiricwe) woRcing S & p}68)¢ tags in
mE@ual' sized equil ateral subdivision triangles to

yI'el d the desired total nunber of triangles. If each

edge 530 of the icosahedron is divided into v equa

t f i nt | h
812* e“‘@*ﬁ%ﬁﬁﬁ“@&'%ﬁ%&f? 801" ng "poi nts al ong any
eshigeas approxjagte éc?“ﬁ?ceap fsrbigalaa*%ﬂaf@ Ytaed opology
d.ad t
P A B S SR s e

dlétﬁtéd Byl thiel I8dabErabaterehidithe surface dndiaargloeboundeAssutrimgthe existence of
the creation of) triangles. per trlangul r facet5
a trjanglgemeshofon Heprrenlangutage, spgdedtive an?a'rfe%l tiling pf tagy can be

pr&ﬁ%%c{ Eﬂ%giaﬁ gaélth}{%sﬁ thas \Neéé Hsﬁ%ﬁ% a IiBubd V@Y %Q’e aﬁé%@ﬁlmmum

original vertrces of
edgdengthos ahngl isaongidéed efifiebtive withrespedy to apartigalatsensing deyice if the

e each t he emai.nin ertice T vV,
siel] i ot (s PSR i ianiGrd p B3 B el e Wi et any
polifén of BEBnBInRAe¥iBE bn B8SuificR. | nsi de the sphere. Each
created vertex is therefore centrally projected onto

the spiefigg O;%éékiﬁz% St BHeplabiRg o dabiah @ach/véerRRedfethe mesh, so the
approxi mated by a regul dar pol yhedron in this

minigfuer edge lengtiags the sgeedethect@g distheten &. Bhe Hheg Etoccfilqreproceeds by

N

5. Ad itRsdA8 ihdFegse D Ale m'Ethﬁh egahadnguizdalculiedrso thadt #itgb adjacent
is to the center of a face of the jcosahedron, 526,
tagﬁ He andAbras ajdistnge fsrb PR’ Ben thereisgromnior SppheTetag 4 fetween
Egeﬁ.‘élge larger it is when projected onto the
ere’ To m ni rrise variation in the size of projected

subd SI on.d es u erdii ca o
Syst Ve t{} ¥ Iagg}esb Egéeért%g%dggs (é)itrlgﬁ‘féﬁts 4 EIS less than 60°,
theh TiROAREHd tah will Serlaposahedr on- Based Met hod for |

- Pixelizing the Celestial Sphere", ApJ Letters, 470,

L81, Tochreleak ihsbrted 1886 fron fo uigba:n niifioWek ttag eepaitdon ¢ is

created and the angl e subtende by a_tri angul ar . fac%
intrggluaed, hare 6 kr Ereniinen verex o iea gnd s as
shoSiA'sh i{(ﬁ gdefined by the five triangul ar fa_ces _

surroundi ng each original vertex becones increasingly

flat Cleaﬁd \{rllﬂe% € ;{t NS to%%%ﬂ i.e. the mesh is constrained to be
equilateral. But as illustrated in Figure 56, when ¢ > k, B can be less than 60° without
inserted tags overlapping.
The maximum tag separation s must be based on the new minimum tag separation
t, in accordance with EQ 10.
When considering a particular mesh triangle, there are four distinct tag insertion

scenarios. By assuming that the minimum vertex angle is no less than 30° (i.. half of 60°),



triangul ar face converges on 72 (i.e. 360 / 5). This

defines the worst case for a tag tiling of a sphere.

In a 72 isosceles triangle the base length is 1.18

times the length of the two sides. The maxi mumtag

spacing s for the purposes a3-.cal cul ating the sensor

field of viewis therefore close to 1.18k. Wth a tag

di aneter of 256 dots and a quiet area of 16 dots, i.e.

an effective tag dianeter k of 272 dots (-4.3 nm, m
it &4 B sho@h daewhdRved medh-tiifngle havjat least one etigadest thafQr aqual to 5 in

The angl e subtended by *each

dge o n_i cosahedr.on at
lengil, the Fareainig tYeIEoS A ETHaB 3 1%3%@112? B‘aF%C‘*ng‘%/EW“W“ vertex
. [ of radius r the arc I ength of each
mggﬁgpgﬁalﬁ%tﬁ%g&féd edge is r0. Gven a tag dianeter
of Kjn,the sane.units r he nunber, of,.t :
requi ]:“ethc fh’ﬁt g &H%‘H § 3213?% e&geg "8 Pg%# eygflg&} g&dgolfl length, so
thcgiaﬁgiﬂ Bf th tishglel 19hlkQdy Bympige/. If nis limted to 216,
to IFowthe use of a 16-bit tag ID wi thout requiring

mul tipl tﬁ% &Rl 951"3’%%@ éﬁi@l}ﬁﬁ:rsg) hﬁp?@ L5435, ool HdhgleSs S0d%BEkds 5 in

to be 4.3 mm as en’r | Iimted to -310 nm
lengBiP-A fagtSppiicmbergidaib thehmisipaint efthe sdgsf548 6 completerthe tagging of the
.pr '%ﬂted arc length of -177 mmfits 41 evenly spaced
mg‘ggé ‘th negligible additional spacing. Such a gl obe

| 16812 tags i.n _total . 8.1,3 ALpi Cu .
S 1 dedheriisd FoRmeTiG CHEVE SO B & SHES R b 2 el g cxoeed s in
h@#i. ‘;ﬁg@ 568, 585 Rird nldred P RRONLAPBMt BNehch QP BB loNg EdpesIbs4, 556

oducl ng di scontinuiti es or si n%ul arities, wth the
and dia nag campletsfthe tigging of thedriangle &8 Conterg.of thertive inssrigd tags 560,

rvature.o he surfa e r ' .
s6fosBie stitribe P Vel 1o gPE of eriipfealf St ot e BiiniPiiangle
558 Yorhis Gape2bidefrenfién digpoRabMEgtiipREoit ick éeeds Ofn iyl theam final tag

be produced as |ong as each mesh triangler spect? a
S7ovisnmasi vihe esaterg i thapezcid A SIS e EEA i ranele:
tiling is considered effective with respect to a .
par t iln theafouslesasharip dRégure 60) 411 thrre edgesi7d obp trjgngly 3B sxred s in
SEeNsS, [ hS: Q.. 1 I
tengf ) (6L 572 HRLATLERE ilipdifilrich Blgc 57254 8 ree new
vertioes ST drageinedMhyeedges 5T@ Thedegaing prostdaret is thep peursively applied to

tag.at each vertex of t h,...SO ,t 1, Ni e L
‘eaqheﬁﬁﬁﬁ fpur f%@@&ﬁ%ﬂﬂ&&stﬁg’ 52@ ot geh?) NO il e r,‘f'f%g triangles
resPER SR rBinith YeREH gy because they have the same shape as the original triangle
573.

The tag tiling variables are summarized in Table 4.

Table 4. Tag tiling variables

variable Meaning

B minimum vertex angle

k tag diameter

m  |minimum diameter of sensor field of view on surface
S

t

maximum center-fo-center tag spacing

minimum center-to-center tag spacing




inserting a tag at the m dpoint of any edge whose

| ength exceeds a maxi numtag separation s. As
illustrated in Figure 9, the maxi numtag spacings is
cal culated so that if two adjacent tags 4a and 4b are
a distance s + s apart, then8there is roomfor another
tag 4c between them i.e. EQ 8 However, if the
vertex angle between two edges of length s + s is |ess
than 60, _then the inserted tags will overlap.. To

B&eveﬁﬂﬁmﬂ%d tags from overlapping, a nininumtag
separation t is introduced, where t >_ k. The m ni mum

8zt ePemQlientatiomen becones a function of k and t, as

shown —[lggﬂlﬁﬁ ag?en{ﬂ%(g @%{géﬁ AWRD 14 b =udéd ﬁB% b&nﬁgﬁﬁl@: WRitAE Shstrument,

to be I'S cons rai
aqgngel @ft pehalrienB@tbnsadmust| Heusippatead Sinee fheg perenibGs codistrmaintd *o be in

0 can be | ssthan 601 witho i nserted tags
|\’5§b thg, rigRiEHN E!spnfflaqap&? 96516by the yaw (z

f‘ﬁ%‘i‘%?* R TP 6PAE B %8*‘%’5%%?‘%“‘."CFJ%‘“‘=6‘ While
tiesaly ctfrtheap@l rayst b aneonstranddoitris ceasenabletto t:atgstramsthc pitarand roll of
scenarig ass t hat t m n| tex

e pongs ML s BhaTTab pr e PRATOFULGNE GO e sHrapipationpt gich and roll.
shown that whenever a nesh triangle h S at Ieast 0

edge Yewds comvgntmnally applicd gfter pitch, puchdhat, for grampledn ﬁterf‘gse ofa

pén"\@eﬁ&gﬁe%voﬁffdéfﬁl%sa F\Q?ﬁqab%ﬁt tH% %lﬁ?l%&lhw{l% fh&%%atn' gﬁlr&!ﬂlﬁn in the
m ni mum vertex angle typic y at | east 45.
surfacs plaa@e[narpeu Wit guaskigg iibphoweigeshe imegetsenson il moduéd off the
the trian

d th . 1S, ..

25 EGE Pon g ey iren stuie AL Ay n bers® e oyt ety i) is

ﬂl@l‘%ﬁ)t@ JdaRtr2idsd Qhled thé pa & 121 P aRnRK vaEealyS ad BiscilsSeddbdlow. A aw is
?%552 is inserted at the m df)OI nt of the edge 548 to

¢ aprlied heforepigghn gliowing ke full yamgmge sbe spasifiedeby rotating the
, 556 of a

pe%]%lwvﬁ%%% e&ecee%%eg?lgg 131t{'ah\rll\§taﬁgﬁ %gn 562 are

i nser

554 %Ecg éﬂﬁh r%oqgéé{tﬁhalﬁfpﬁl tag& a@ﬁ% Eo%ohg Q?ﬁg%%fi Here
théy érardgﬁx&:dfzs& an@@l‘rbahsns;tespmvblwbwae@rthqob:é dgfned6Lith respect to

562 to thervvlththetvvovr es 564, 566 of
the; ot goortipple Btery pf theSugfagey inhgre @F.yaﬂat B tﬁgsﬁ%ﬁqﬂ@&“dmal axis
anll "R &z@w is the Mkl Shrefht agenahexphewle@ thy! 23£0in0a epRERMIed 3D

s in length then a final
coordinate system, roll is conventlonally deﬁncd as positive when anticlockwise, while
pitch and yaw are conventionally defined as positive when clockwise. Here all rotations are

defined as positive when anticlockwise,

The pen’s overall tiit (8) is related to its pitch () and the roll (y) in accordance
with EQ 11. '

The pen’s tilt affects the scale at which surface features are imaged at different
points in 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.



570 is inserted at the center of the trapezoid to
conplete the tagging of the triangle. In the fourth
scenario (Figure 60) all three edges 572 of a triangle
573 exceed s in length. A tagged vertex 574 is
inserted at the m dpoint of-ggach edge 572 and the
three new vertices 574 are joined by edges 576. The
taggi ng procedure is then recursively applied to each
of the four resultant triangles 577, 578, 579 and 580.

8.2 e Irhade Sbasimgw triangl es respect the mininmum
verte Ve 3 ..
or i or Sq el BN 24 e bORIe Aok BRIy SUPRTpAR gl (giving
arSAHPIRF 818G widwIcHDof, #hd an Bpéd Ieeight of Bribbid the gurfaee iwdioh € optical
variable Meaning P mninumvertex angle k t

a . .
ot arvetionl. Athovahribminesee Aeseeins Bpicslin ssiengsian anly fhe fpig gfiptica

sublfon i FredfplF o T TR, o oL ) SEREARY e part of the
subEdSEs Weaded 2aslqulleiTiedediet. at i on To al l ow a pen-1ike
sensi ng device to be used as a confortable witing

| NSt r yRERkersecod 8N AR Mild BERicHr EdpBlwith eHeSsubfed défimes an elliptical
supported. Since the pen nib is constrained to be in
window aotharurface Whissiindascis cirerer wheandbe enticalaxétis veriicalen
can be characterized by the yaw (z rotation), pitch
(X r OFighredQ)iltasteitas ahd gdoynetrint miaitiomshimn ffott 4 givpe pitchagslated tilt 6 of
illustrated in Figure 61, Vhile the yaw of .the.
horeA’s BRAGHEOH QEMEER IS PO T OR AnDBIPER § GPUBhEL i s and the
fidd'6f PieW‘ ao (eab. I THefile fsRARGN0Ae M6KwiRSpdsitve B Elel vertical.
tilt of the pen resulting fromthe conbination of
Theiequationswhichifollow aply fodothpesitive anhaggalivelplbl i ed after
pitch, such that, for exanple, in the czge of a pen
devi CWher theped 1§ mdefiltedetha windost diainetet (iteh EBPHY isigieeh baliQ 12.
rather than a direction in the surface plane. In a
pen Vi twhed thegdeiin Gotitilied, thodltate frofehéd mbge edgernd dre window (i.c.

ted off th ' f th d th 2N’ S | .
| &feii g tamithe dltapsmd foaihe m bo (aeatenst W et (o TACh is

. constrai ned unl ess the pen is held al nost
gl‘{/egﬁ)?fﬁg:(gpfy as discussed below. Yaw is therefore

appl i bef or e. pi. l4 ow .ng t .
be sp g1k t?lg R §/sotrﬂ%et%;b[yi 9; éhci %}%t e @&uftﬁg Jne%%{ BHE sbrfice along
the optical axis is reduced to d (i.e. |GE| ), given by EQ 14.

The width of the window (i.e. | FH|) is then given by EQ 15.

_ D and o must be chosen so that an adequately large area is imaged throughout the
supported tilt range. The required minimum diameter m of the area is given by EQ 4, while
the width of the actual imaged area is given by EQ 15. This then gives EQ 16.

Once D and o are determined, an image sensor resolution must be chosen so that
the imaged area is adequately sampled, i.e. that the maximum feature frequency is sampled

at its Nyquist rate or higher.

When imaged, the scale of the surface decreases with increasing distance from the
viewpoint and with increasing inclination relative to the viewing ray. Both factors have
maximum effect at point F for positive tilt and point H for negative tilt, i.e. at the point in

the window furthest from the viewpoint. Note that references to F in the following



pen relative to the surface while keeping pitch and

roll constant. Pitch and roll are conventionally

defined as y and x rotations, respectively. Here they

are defined as x and y rotations, respectively,

because they are defined wités+espect to the x-y

coordi nate systemof the surface, where the y axis is

the natural longitudinal axis and the x axis is the
natural lateral axis when viewed by a user. In a
dis¢ugkivn bppid ed] 3MBen deeaildis negativeystem roll is
conventionally defined as positive when anticl ockw se,

whi | eTheitisahcesThoiAW frnethe aivvwgdint (iral EF | xie tivaetly BQ 17.
positive when clockw se. Here all rotations are

def | ns?ar 2 dROT ok MRcNRGSh Gk GhrRek Yilffre tJ AR BOFing ray through F
overall trlt (A is related to its pitch (4)) and the
(BR)id given) by BEQA8cordance with EQ 11. The pen's tilt

affects the scale at which surface features are inaged

at di fffted Sitface RAMuRS Sequendylief, thealte @igulai sufacafedture frequency o at
therefore affects thhe resolutjon of the inmage sensor.
F Gienwithirgspeqt o thafielscafiview) due taskatl Eactopsis given by BQ LY ¢

under the pen nib, the pen's tilt also affects the

di st aWhen theomis nb ebjectplans tilhge.dbm Ok thivreduees t¢ B

area. This distance nust be known to allow a precise

ni b pOisd imhape sesobés, bgrdefieitioh, wquitddetojompe Bolewast the entire angular

determned fromthe tag. %gz Imacfge_ Sensi, The field th
figld ofivisyy- Hinperfe REE NERFity 91 NG BPABSFERIOR &Y » dginpyf mmage the
5 (r&lxﬁrh %ﬁé&i’ar‘ﬁ ' Wiin &Rdge space
engﬁédﬁ%{ﬁ%gg%x te| g t{ﬁgf& H%rggggivﬁ}gﬁsurfacglﬂggﬁet r11e 55
of @pt i amdmag@sensoritift (.erimiagaplane’tilt)withglespehttoithagpicaloxésof 6, and a
is typically rectangular, only the, I,ahgest eltfji ti.cal .
sampling &ate of ; frdhera i ge 2saRE9I0g; 1@ Nyquist's fheqrgm), the minimum image

se&a@;e@@lhﬁ@w%g@&@g%%&h Jy large. part of the

surtface 1Is quantified earlier. The
i nt er§eCL| il {18l acdti ' ;
surf a@% Jgé? Jlﬂlr?gég ttgﬂﬁgf Pll%pt [ caé\ta(r lf\?mwr%g%]v?egﬁﬂt ﬁ%ﬁlg&l} ?ag::cer?as oning
as THei cos-squatkatedns incthe detloarinatbrein BQh#9.opti cal axis is
- vertical. Figure 62 illustrates the geonetric
r el atWhés thie?, is fr@r infaggipk@d titj (L.ehoT elojt &d the lihage spfice drhleobject
pen's optical axis, between t hedﬁign' s nib ol nt Ab/,
spach angisr fisldsf vieay arg gqual (iesy, = shdhis Feduces ta BY) 23 and EQ) 24.
wi ndow (FH). The tilt is defined to be.cl ockw se
posi tWhen there ds nchebject plane tilt (i-e. Pivc0)dhje saduessfuripar shEQ 235.
follow apply to both positive and negative tilt. Wen
t he Wen the imagetplarestilt andithe objediopardi tiltreteequdli(i.e .0’ = BDand the
1) is given by EQ 12. 1f. when the pen is not tilted,
im3gesparestng abicct yare engulanifislds of Misgears £1¥ak &5 TS F.Q. 7:2 reduces
é@i@ is T, then the distance S fromthe nib to the
center of the window (i.e. I ACI) is

Matching the image plane tilt to the object plane tilt therefore yields a smaller
required image sensor size than when the image sensor tilt is fixed at zero, and eliminates
pérspective distortion from the captured image. Variable image sensor tilt is, however, a
relatively cotly option in praétice, and also requires greater‘depth of field.

Figure 63 illustrates the geometric relationship, for a given roll-related tilt © of the

pen’s optical axis, between the pen’s nib (point A), the pen’s optical axis (CE), and the field
of view window (FH). The tilt is again defined to be clockwise positive from the vertical.

With the exception of EQ 13, the preceding equations apply equally to roll-induced tilt. For



given by EQ 13. Wen the pen is tilted by 8, the

di stance fromthe viewpoint to the surface along the

optical axis is reduced to d (i.e. I GE Il ), given by

EQ 14. The width of the window (i.e. I FH 1) is then

given by EQ 15. D and a nustgzbe chosen so that an

adequately large area is i mged throughout the

supported tilt range. The required m ni num di aneter m

of the area is given by EQ 4, while the width of the
rolfiiciodd filPBRKkiMceS frotn EHeual toothe E&Atdr%of thewindo&ice. dlA(é|s) is zero

EQ 16. Once D and a are determ ned, an inmge sensor
ratherghan asidsfingd lmE@d3chosen so that the imaged area is

adequately sanpled, i.e. that the maxi numfeature ]

f r eqURon pitch-mdsedyile the mbgritude N theitidit rangetie meaxinpieghiaf choosing a

i (EA N A Ay i (pgo g BTk B e thie sensor

redé.lﬂ‘éfn%ﬁ‘t? SRide,i OF bitciRtabiQutd 1l Md URFabOistibre \distadt g degitive tilt than
oth factors have nmaxinmumeffect at point F for

forppasitivevidlt bf ke same poegnitudey the minisgrae ihee atsmafler magnituge than the
t he Lnt ;in . the.w ndow f t he vi ewpoi nt.

gt bt Brabedubley B 4 el ng s
di scussi,on apply to H when the tilf .is negative,..T .
i ot M ASGHOGHoRYe. Aie BT dArE b o4 e B gpuciifes which

enéode The/&ita bis, B thése havahinintise diathetdn Of 8 id6ils] Mk igh@s @fmaximum
the surface relative to the viewng ray through F

feafuEe frequengy fafrabtagt TEpergumiat 1609edpsur f ace feature

frequency is f, then the angular surface feature
f r equenaicub)edaiccoringito EQ diabbwve; es poulaterad tidngular lieg of 256-dot

MCORTREY SN NERIT AT T e
vieWBHRER didtheiPoR he shbficd HEAB dRANS0AholN. 5 Birn akefi00idpi. on,
required to inage at least the entire angular field

£ \ . c o o
O Vhng 3 P%pf%]?olﬁﬁ%?e&?@ouﬁ?ﬁf Jiteh hd 0P foll. TRE ISEIBAT of a ball

i's uni t ge entire field of view at
poikenibrioses ffative omtact Githethe surfage Yegoad about HF0Dpitohi (bev 40R from the
image space of 2a', an image sepnsor tilt_(j.e iMage
hoRAORHD. B 1eRSprals 175 BiSELFER SRGEIBf T L0311 P aff}  grasoiable roll
ran%j A to 3309 lb%ﬂ'ﬂlgr r%?tnﬁltmﬁ gregteg BhGhEorR oh cdmBfifel pfbiNghd 181 as given
qui st' § t'heor , m ni mum |1 mage sensor
byE€sbl.ution gq is given by EQ 21 and EQ 22. The
cos-squared termin the nunmerator in EQ 22 results . )
f r omThéehiglilyrecorpasto (i .AgmnAy Mitsushiis -GCtaimaget sansori (Matsushita

Bloctionis Caomoration ind it desSvibed in a paper by ltakura, K T Nobusada, N Okusenya,
R Nagayoshi, and M Ozaki, “A 1mm 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
approximately 215):215 pixels. Assuming equal image and object space angular fields of
view, no image plane tilt, and a nil:i-to—wix:uiowr distance T of 4 mm, optimizing the
geometry using EQ 16 and EQ 24 to achieve the desired pitch and roll ranges stated above
yields a pitch range of -16° to +48° (64°) and a roll range of —28° to +28° (56°) with a
viewing distance D of 30 mm and an angular field of view of 18.8° (a = 9.4°). The
available pitch range is actually —21° to +43°, and this is mapped to close fo the desired
@ge by pitching the optical axis at —5° relative to the physical axis. Note that the filt range



When there is no image plane tilt (i.e. 0° = 0), and
the i mage space and object space angular fields of
view are equal (i.e. a' = a), this reduces to EQ 23
and EQ 24. Wien there is no object plane tilt (i.e. O
= 0) this reduces further to8&Q 25. \Wen the inage
plane tilt and the object plane tilt are equal (i.e
0' =0), and the imge space and obj ect space angul ar
fields of view are equal (i.e. a' a), EQ 22 reduces
cupbexypawied shightlyibygptimizinganen-gara il of thetlmagf plare. obj ect
plane tilt therefore yields a smaller required imge
sensolTheiozeall pantilisahut @aﬁherh@emﬁlﬁmml don¢ whoss mdjorsmigle is 64°
at zero, and elimnates persgectl istortion from
iy the PePplanendi WhegemIngs ARAlS 1SS0 e & tilt is,
however, a relatively cotly opti on in practice, and
al so fagimagssensingatedeblavqse rpmarizediin Tae Jur e 63
illustrates the geonetric relationship, for a given
Table 5.rle1wee€£ert9img varigbleshe pen's optical axis,

bet ween the pen's nib (point A), the pen's optical
A4S ( }, and—t+he—etd of V|cmfﬂrﬁdﬁ“#/FFD The
varigble; again defineM83MB8 | ockwi se pasftive from
t e velr@bjeat spaceificld ohédewtredfmnale of EQ 13, the
prece 'Iﬁﬁag%%t;%é@i@ﬁi ﬁRWéWhaﬂléz?iglé/ tO rolTinduced

-0t —toH—induced—t++t—the—di-stiance S from

t e _ni kF?wa e center of the window (i el ACI) is
zdt o |r@biretplaratilt e. gveral@enY)EQ 13. Fqg

plgt ch-llﬁ@@geﬁaﬁé fit . the magnitude of theftilt range is
et e \llcgat; ve) tilt and a

Lm Pm'(th:l\k;:im ;“Ilylltjl whi ch have the sane i nmage
s@nsor Pﬂ’f'er@ﬂl rement. Si nce, for pitch-induced tilt,
the st rqrfg@%rlf,%qggﬁ@ ﬁlfﬁzg@af vieol negat ve tilt than

fg Pq 2! az l|.e| =t ?j | éec Satre—traghtt uuc, :hgo:n nimum

r 8 | - i JdigderiewingidistARee have the sanme magidit ude. As
ddscr i ISedfaab deature frequemel | est features off the tag 4-
ape th@ammiﬁgtrg@es WAT Ch encode the data bits, and

tirc:be Y e 2 3 ||| pucareter—ef—8—dots—This gives a
i mitage = ?n OJ‘HH r‘\/f of about 7 4 per mm at

1600 dﬁltstaa@&@nmmeentae@iﬂejd@@vwm 4 above, an
equi | aserrf@ste fwhearfyml0dr tiling of 256 dot | di aneter

Fogui | Dista BoRe R 8o SFRF LSRN tliow| of amerer on
t he s.lgumghleﬁ%:(j pts, or about 9.5 mmjat 1600 dpi.

Most peopl e d a pen at about +30 pitcl and O roll.
TFhe—ihii Ag batt+of.ag-ball pnl nt—nib-lesés effective

=

el

cont act W|th the surface beyond about +500 pitch (i.e
40 from the

8.3 TAG DECODING
8.3.1 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



hori zontal ). A reasonable target pitch range is
therefore -10 to +50, and a reasonable roll range -30
to +30, bearing in mnd greater limtations on.
conbined pitch and roll as given byEQ 11. The highly
conpact (1.5 mmR) Mat sushi t-89CCD i nage sensor
(Matsushita Electronic Corporation, and is described
in a paper by Itakura, K T Nobusada, N kusenya, R
Nagayoshi, and M Ozaki, "A |Inun 50k-Pixel IT CCD

3DSas sansfbmr with espeetrie theGruisraptisyl siisman be feferred, as described below

. Transactions on Electronic Devices, Volt 47, nunber 1,

1n§§ﬁ@ﬁﬁf* 2000) is suitable for use in a conpact device
such as pen. It _has an_avail|able resol uti

appr &%!Cﬁ&eélwﬁié?ﬂasﬂg}smgs R EPTEERY, gﬁmgﬂbdgngﬁasfom
P bR ARG 5 s i s i T
pe@Bt pHykicilngkis hie thg agigewhiyh s ienholidd 1 thedpdad zlmm: cqnd which is

exgqcfglrl%eﬁée@} g'}%t Sﬁf?ilsslr grg:%je quta.gslgi ha roI l @@A%ggﬁaté HE%P ab%%veen the
pf 980 had 8o ngu@ {s%astrweakh gud@i ng di stance D of

r field of V|ewof 18.8 (a = 9.4).
The {J‘ \é%brll\?e%e t Fy At HRDOG mﬂg tsg@eé ¥n sémsot @aé’e"iﬁc optAI axis
this o Close o t range by
coiptideivitly ﬂteh:e anptandt dlie the wseuqmmt s atethe origi. fropenhepace the physical

phyS|caI Not e .t hat, the ilt 88 )
aﬂé)@ﬁ‘&‘ ﬂljmw #¢ tastip A %t 0 origiy 19 5pcs i e q‘ef‘ j the x
gﬁhms%@ﬁter e B Akl tfQFankfolth thafisfofhiSthe eigll freal tadgGpace to
el 'iptical cone whose mpjor angle is 64 in the
smpotqhaplane and whose mnor angle is 56 in the rol
pl ane. The image sensing variables are summarized in
Tabl Sefisor sfablie ﬂﬁxsnatmhge Figurs bh Thealabelling of peintsap|Rigure 64 is

o Wi e BV 5% P P58 s a0,

andBe8Eb iPhPNCThé kdterbdctibn poe RhdtwbantHel dﬁh):al aﬁus dndettye surface is

lane tilt Pen pitch Pen roll w An ar fr
refgrppdftp@p dle@ensﬁdg%nt In contrast with the geometr%lﬂlus’crated %qizjlgurey& where

the nib is considered as a point, here the nib is considered as a small sphere. If the nib is

curved, then the tilt of the physical axis affects the offset between the sensed point and the
contact point between the nib and the surface. The center point K of the spherical nib, about
which the physical axis pivots, is referred to as the pivot point.

The nib makes nominal contact with the surface at point A when the optical axis is
vertical. KA is defined to be parallel to the optical axis. When the pen is tilted, however,
contact is at point L, as shown in Figure 65. Given the radius R of the nib, the distance of
the pivot point K from the surface, e.g. at A or L, is always R.

The discrete tag transform includes the translation of the tag center from the
sensed point, the 3D tag rotation, and the translation of the sensed point from the viewpoint.

Given the translation d of the sensed point from the viewpoint in the discrete tag

transform, and according to EQ 14, the sensed point is given by EQ 27.

Since the physical ams only differs from the optical axis bya y translatlon and x
rotation (i.e. pitch), the physical axis lies in the y-z plane. With reference to Flgure 64,



D Normal view ng distance d Tilted view ng distance f
Surface feature frequency n Sanpling rate g | nage
sensor resolution S Distance fromnib to center of
field of viewon surface (when 8 = 0) D stance from
nib to edge of field of viewgen T surface (when 6 =
0) 8.3 TAG DECODI NG 8.3.1 Tag | nage Processing and
Decodi ng Tag i mage processing is described earlier in
Section 1.2.4. It culmnates in know edge of the 2D

whee I peslt & \seanid] BO$ o Dngjest as reFipag, 62)sit iwetleardlat it eensor space the
decoded tag data. 8.3.2 Inferring the Pen Transform

pogitiea of the POt peirtis@en V¥ EQ #hsform i s obt ai ned whi ch
accounts for the perspective distortion of the tag in
t he CHptveclod fiomethesensesl ndisg do th pivobpeint is therefpgs given by EQ29.
correspondi ng discrete -89- 3D tag transformw th
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roafis and & e 60 4t DR vewer B8 ReTLFR18 LS Bt tryicd he

r hysi

vl AbmiCtsBbfls g, Lo RERAGE 1 Rl 0 B sultiddin acoordance
with EQi33. In tag space the tag 4 lies in the x- y plane

Wth its center at the origin. The tag transform

tr anSIflﬁsr fsefiniahle adagl @ fhe aug’s algsobpa deation, asemplied Bpés dag ID, to

nsor space is illustrated |n Fi gur e 8, jhe
on: see EQ 3
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The final step is to infer the pen’s 3D orientation from the tag’s 3D orientation.

The pen’s discrete rotations are simply the inverses of the tag’s discrete rotations, with the
pen’s pitch also including the effect of the pitch (Dsensor) Of the optical axis with respect to
the pen’s axis, as defined in EQ 35, EQ 36 and EQ 37. .

8.4 INFERRING THE TAG TRANSFORM
 The image of the tag 4 captured by the image sensor contains perspective

distortion due to the position and orientation of the image sensor with respect to the tag.
Once the perspective targets of the tag are found in image space, an eight-degree-of-
freedom perspective transform is inferred based on solving the well-understood equations
relating the four tag-space and image-space point pairs. The discrete transform steps which
give rise to the image of the tag are concatenated symbolically, and a set of simultancous
non-linear equations is obtained by equating corresponding terms in the concatenated

transform and the perspective transform. Solving these equations yields the discrete

transform steps, which include the desired tag offset from the nib, 3D tag rotatlon, and

viewpoint offset ﬁ'om the surface.



consistent with the labelling in Figure 62. The
viewpoint-is at E, the sensed point is at 0, 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 wdaih the geonetry
illustrated in Figure 62 where the nib is considered
as a point, here the nib is considered as a snal
sphere. If the nibis curved, then the tilt of the

B.QHySiMademgﬁtaTégdtranﬁwmffset bet ween t he sensed

poi nt cﬁmz
surf a%}%%e center &%m nt h%ggﬁ%déggsﬁg %hel cgp fuleled 25 a

coadatenationdli thdrfol lbeingtyamsfoah skers:s pi vots, is referred to

as the pivot point. The nib makes norri nal contact with
t he &qr;f;@@mea(by 1B tvi Rifsdte optical axis is
vertical. KA is defined to be parallel to the optical

axi s z f ML} is tilted, however,  contact is at
poi nt L, gbé,}sﬁg% in Figure 65. Gven the radius R of

t he Qi nce of the pivot point K fromthe
Surfgggtated.?gtaggftﬁl% L, is always R The discrete tag
transfor{ndg;é%l s the transl ation of the tag center

f r omy Pt point, the 3D tag rotation, and the
transl ati on of the sensed int fromthe viewpoint.

G veﬁ“?ﬁ%a?ﬁ%i’ﬁé&&ﬂ”&ﬁl’ﬂmb?ﬁ He sensed point fromthe
vi ewpoi nt in the di screte@té transform "and

ac c oPESPRGtiYGPretert(yithyspeci dedfoga] 1 t is given by EQ
27. Since the physical axis only differs fromthe

opt i BaIscalrite visivpartsiae) ansl ation and x rotation (i.e.
pitch), the physical axis lies in the y-z plane. Wth
r ef eﬂémeare corfatgnated 6ymboligally tehrroduce axngle tragsforymptrixgvhich

St .as Fi 6
et 88 o i T 2015 J2r it ol ARt Pkl e i he
folloywitg dedfons, 0 Gete GHit thé Fage bhéach @amsadle. poi nt to the

pivot point Is therefore given by EQ 29. The vector
fromthe pivot point to the contact point is by

Tabl. Hiseredn Fapstpm yeHGBITR and eI RAeR | on M o a tag

space surface normal, normalizing the result, and

Va?t-“afﬂlé 'Mbbrevi] as- ShMhihg ECQ S aﬂgnﬁQ~1 ﬁBﬁg&eCtOf
rom the sensed poi nt to the c q # is then
obtarred—n—taccorda Wt EBQ 32 5 T3
t ¥ansf or med fi nt.a tanyé‘&are hvjapl_)u_ng_t_hmof
the thg transform 3mitahot ation,| andPi's {hew2 sdded2tlo
the viector tromthe t,-am center to the sen.s,,e4j<|qp¢m to
H-etHd—tHhe—veet-ar—irom: f he ﬁ," center—to—the—contact
bt gl ARGt TR surd ace] L b alcor ddnee
wht h [EQ B3. | tag-to-viewpoint y offset 0 -
cosy C cosine of yaw 1 -1<C<1
siny D sine of yaw 0 -1<D<1
cosd E cosine of pitch 1 0<E=1
sing F sine of pitch 0. -1<F<1
cosy G cosine of roll 1 0<G<1
siny H sine of roll 0 -1<H<1
L i tag-to-viewpoint z offset - <0
1/ J | Inverse focal length - - J>0




This is finally added to the tag's absolute | ocation,
as inplied by its tag ID, to yield the nib's desired
absol ute location in the tagged region: see EQ 34. The
final step is to infer the pen's 3D orientation from
the tag's 3D orientation. Jdpe pen's discrete
rotations are sinply the inverses of the tag's

di screte rotations, with the pen's pitch also
including the effect of the pitch (4 se,.~a. ) of the

opgi cal axis mnth 0 he pen's axis,

defindd in E "irﬁ%?’ggtcégﬁj:e EQ 37. 8.4 I NFER AL T
"TAG TRANSFORI The i mage of the tlag 4 capfured by thd
i mage sensor contalns perspective distortion due to
the position and orientation of the inmage sensor wth

" esPeflndifle by bite by UG8 1 CorRE LR 4 gﬁvhk‘ﬁ"; b { EndB=s,).

the tag are mage" space, a

M T SRR S (Ve PR B P P siving

EOQYr tag-space and i mage-space point pairs. The
iscrete transform steps which give rise to the inage
of t &lE=Yos(@shdarSEi(H!
si mul (g%tggggﬁ& %%I%?Jr?g&al?é%g g‘ghé}s obtgl ned by @) giving
E@@gdati ng correspondi ng terns |n t he concat enat ed
transform and the perspective transform Solving these

equatRANE bR hdS ¢ ARofliSEIRQ 47l (AR B+ ibsGhaRs H=sii(9)), giving
i nclude the desired tag offset fromthe nib, 3D tag

EQdﬁmthaaﬁéﬂM@wbmewﬂmEQﬁﬁmthe surface. -91-
~ 8.4.1 Moddeling the Tag Transform The transform of the
tag Arinsbate inarhyspacerding to B §t (hrae &1d.81vibg EQ3®| ed as
a concatenation of the follow ng transform steps:
X-Yy tRefspedtive rdjeot vhﬂgfob?lb Mngthoart prﬁJ;ei:ﬁm plane at Z‘—‘(ﬁl( zgmerding to
X, . rotate (by tag pitc y rotate (by
Eéé%(wfeﬂrﬁ 1\992) givisdiQPd (by tag-to-vi ewpoi nt of fset)
perspective project (wth specified focal |ength)
x y Sealeo (iewrat buparcording ) EQSseviae£Q §hcat enat ed
synbolically to produce a single transformmmatri x
whi ¢ Transformctwint rethe xey plasa@E=0) ancorfiuiglte EQ 8T igmming EOS8.
the discrete transformvariables used in the '
Finally, expand X and L, giving EQ 59.

8.4.2 2D Perspective Transform
Given an inferred aght-degl'ee-of-ﬁ"ecdom 2D perspectlve transform matrix as

defined in EQ 60, multiply by an unknown i to obtain the general nine-degree-of-freedom

form of the matrix, as shown in EQ 61.

Transform a 2D point according to EQ 62, giving EQ 63.

8.4.3 Inferring the Tag Transform

8.4.3.1 Equating Coefficients

Equating the coefficients in EQ 59 with the coefficients in EQ 63 results in EQ
64 to EQ 72, being nine non-linear equations in 11 unknowns.

These ‘equations are augmented as required by the trigonometric identity relating

the sine and cosine of an angle (i.e. the sine and cosine of any one of yaw, pitch and roll), as



foll owi ng sections, together with the range of each
vari able. Table 7. Discrete transformvariables and
their ranges Variable Abbrev. Meaning Unit Range
transform y yaw 0 0 <- y:5 2n pitch 0 -11/2 <0 <n/2

y roll 0 -7c/4 <y < n/l4 tAB3A tag-to-viewpoint x
offset 0 ty B tag-to-viewoint y offset 0 - cosy C
cosine of yaw 1l -1 <- C5 1 siny Dsine of yaw 0 -1
<- Ds 1 cosh E cosine of pitch 1 0 < E <-1 sink F
shoimdn &Q Pd.t ch 0 -1 <F<1 cosy G cosine of roll 1 0<
1 siny Hsine of roll 0 -1 <H1 tZ |

t ag- t Giveh Swyidundzosing sftdn anglesthe cdrréépdndiny anglels bblaikd using a
length - J> 0 -92- S - viewport scale - S> O Transl ate
twomguryer@a@ta@a@thwmam{fﬁﬁ according to EQ 42 (where
A=tt and B=ty). 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($)

8.3 %givﬂ{qﬁc)r _qvlz j‘\ EQ 46. Rot ate about y by W
' fi

Wi pO e igna L of R Rl b 7o

1N

gi vi n§Q %Qaﬂbes
EQ 50. Translate in z by t. accordln to E
| =6) , EQi69icag besmplifiedusingQi67\aad BQ) g&@%&”@@ en £Q 78.
l ength X and projection plane at z= O accor di n to 8
53 (BT cdwbe\jimplified wpingl T andEA) Bl tocsivd BQYT ratldﬁlyn Q 80,
according to EQ 55, giving EQ 56.

EQ 76 can be re-written as EQ 81, and EQ 78 can be re-wriften as EQ 82.

Equating EQ 81 and EQ 82 and solving for B yields EQ 83 through EQ 85 and
finally EQ 86, which defines B.

Substituting the value for B into EQ 82 and simplifying yields EQ 87 through EQ 90
and finally EQ 91, which defines A.

This therefore gives the x-y offset of the tag 4 from the viewpoint, smce A=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 96, EQ 100 can be obtained.
From EQ 97, EQ 101 can be obtained.

From EQ 98 and EQ 99, EQ 102 and then EQ 103 can be obtained.



Transforma point in the x-y plane (z=0) according to

EQ 57, giving EQ58. Finally, expand K and L, giving

EQ 59. 8.4.2 2D Perspective Transform G ven an

inferred ei ght-degree-of-freedom 2D perspective

transformmatrix as defined4n EQ 60, nmultiply by an

unknown i to obtain the general nine-degree-of-freedom

formof the matrix, as shown in EQ 61. Transforma 2D

poi nt according to EQ 62, givin Eg 63. 8.4.3 .

| nf erfrom@EQ Ae0 FubEQAGhsEQH andﬁ?@u QElftP-an fhg obtained.

Coefficients Equating the coefficients in EQ59 wth

t he ehfE@ilenini EQ 18] BQ 10éand then EQ HJ cabbeobtaiE.72,

bei ng nine non-linear equations in 11 unknowns. These

equatp@igy %_ﬁl? A ANRRE BiAT ¢ 88 H 26/ bb% riohezero. Since Jy| < /2, the

trigononetriC identity relating the sine and cosine .
cosifie 67) afiiiog wl1(is alsvays pasitivieraod hertemonizens. She singolgherabii(H) is only

aw, pitch and roll as.-93-,sh in 7 i ve . .
nofgtood e B aErRee Speafc Biiad hasd s di ad Highserved in
Seddtdl €7.8300bt ai ned using a two-argunent arctan as

shown in EQ 74. 8.4.3.2 Solving for X-Y Ofset EQ 66

can - Si ' iggq: ' ?EQ i t i EQsTift0), and

and ?@ésﬁ{h%%ﬁfé %%%618@ andgéfsi n'spl i f?gg lgtscﬁhgﬁcéQ gﬁ@ -

he@srdh&6dsie (Epofghe/gitdh@y FAQ AB,chetdrding BOEYBI08. EQ 72 can be
sinmplified using EQ 70 and EQ 71 to give EQ 79 and

t hen g5Re8@. < tBQIHS cosie ) 6@ther pitcheis AwaysQditiveasnd tHeed is no
78 can be re-witten as EQ 82. Equating, EQ 81 and EQ
amBipuityiwhes| tpking thersaprrpi epHisTiecign of e e B0 d9WaYR must be

el Y i st e BB APt 132 15 "5 87 ¢ g
EQ 90Q.. fd A ' ' T
ter SHEAE id 3 i (en HELER SERBET QML

Vi ewpoi nt, since A=tX and B=tx. 8.4.3.3 Solving for

8. 434C8NiRG 6 RER: EQ 92 can be obtained.

From EQ 103, EQ 110 can be obtained.

" From EQ 73, EQ 111 and then EQ 112 can be obtained.

This therefore gives the magnitude of the sine of the roll, since H=sin(y), and
hence the cosine (G) of the roll by EQ 73, according to EQ 113.

Since || < /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.



From EQ 67, EQ 93 can be obtained. From EQ 64, EQ 92
and EQ 93, EQ 94 can be obtained. FromEQ 65, EQ 92
and EQ 93, EQ 95 can be obtained. FromEQ 70, EQ 92
and EQ 93, EQ 96 can be obtained. FromEQ 71, EQ 92
and EQ 93, EQ 97 can be obt-aned. From EQ 94, EQ 98
can be obtained. From EQ 95, EQ 99 can be obt ai ned.
From EQ 96, EQ 100 can be obtained. FromEQ 97, EQ
101 can be obtained. From EQ 98 and EQ 99, EQ 102 an
t hen SERelq8) sanegitiveph{ Wi hie positivel and-FomrEperawe fd ¢ Bghen EQ
181 EQ 104 and then EQ 105 can be obtained. From EQ
12348ldsnd EQ 105, EQ 106 and then EQ 107 can be
obtai ned. EQ 107 only has a valid basis i(ié%(and H are

bot h Given € and D, theyew 1§ (ien ebiained aqeprdingdg & O of the

roll is always positive and hence non-zero. The sine

of the roll ((};2 is only non-zero if the roll is
8.4.3/6 SnlvingdpeMiewportBenleng for zero pitch and roll is

descrifRedsing (CHafd k@B (D) of thelfhw ity ddfmitioneyegsimektaneously
the magni tude of the sine of the pjitch, sj

zefB=Sina¢ the,cosing (Erefiibe piteleis exsrirere EfhEEQ R2 SBEQ pB 3 thesctore
alv{% bggg@rtga& t%e ﬁg%@&gr@hgggﬂ Cl <n/2, the cosine

he pric y tive, so there is no
anbi gui.t.y when taki [ . sign of the
si neqtjb)'%/n%%?f cn fﬁ‘ﬂ%%‘éﬁ%ﬂ%‘r ag(r?})tggbégl%gt her means,
as described in Section,6.7.3. i and F, .t he
_pi t ciPthawisieif CQBP%?’H@H!, ﬂ‘%fb%%‘?‘cf‘?% ﬂgt%(s Ee;iﬁgt.’c Obylééa& 4
Solving for Roll From EQ 103, EQ 110 can be obtai ned.
[ EO 73,  EQ 111 and.then EQ 112 can be obt ai ned.
a-éﬁ&;ﬁst&f‘gffwgﬁﬁe'e%“i’% magni t ude of the sine of the
" rol | Similatyesibcsthe ¢9sids (@ref thelelh isqeveraerop sithes KQZJ0 o EQ 71 can
t he, rol | by 73, accordi 0 1S | ; -
be it Selpmipg 8 Viref sl (R (A pS o B it WS ploflorToll s mon
ze@%ﬁﬂbw&, ﬂ'h];S si@gs ofLFHY ikist(F al;t]qﬂafm éfatke piich h:gi sdlmeye no;dnﬁ known,
HoweScr?tlhge rs]igg of tthe%rcs)’(liur(]:teu‘(fli)b of theosvi\rl?e\g%rf ihergijt%ﬁ ancF roll is given by EQ 103,

as shown in EQ 126.

The sign can be assigned arbitrarily to F, since the sign of Jis known a priori, If gi
is non-zero, then from EQ 70, EQ 127 can be obtained.

If hi is non-zero, then from EQ 71, EQ 128 can be obtained.

In practice, the choice between using EQ 127 and EQ 128 is based on which of gi
and hi has the larger magnitude, The inverse focal length is unknown if gi and Ai are both

zero, i.e. if the pitch and roil are both zero.

8.4.3.8 Solving for Z Offset
Once the inverse focal length (J) is known, the z offset (J) is obtained from EQ

80, according to EQ 129.
Again, the z offset (J) is unknown if the inverse focal length (J} is unknown, i.e. if

the pitch and roll are both zero.



determ ned by other neans, as described in Section
6.7.3.9. Gven Gand H, the roll is then obtained
according to EQ 114. 8.4.3.5 Solving for Yaw From EQ
73, EQ 92 and EQ 93,- EQ 115 and then EQ 116 can be
obtai ned. From EQ 92 and E®6116, 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
Sd.etmrmmammygtﬂmecmognobl’ttch andi Roll can be det er mi ned

frompQ s?é& otdhe %r@?uc@? :the SRes oci“tﬁé?ﬁﬁtoh ahdl 0l is iven by EQ 126.

negati ve, positive, and 1J < -1 (because
Sihde~ln/z Ay )< nihaoEQdjub@iZnh off a4 @.wmm@odmdrm engyee fhevoll is

al‘%’%sﬁstll\%%g\xggt Y %f Oéglﬁglg. e E ngi%egibf)@ ojf qlﬁsg%ent is
intged ?‘1@2"3@.{’%@“(%@0&? pae Eﬂ%‘?"?ﬁﬁ?@? zero, -

ith

Slet er eﬁgl F%ES EE@M%O%&%GZQI&@%%@‘% ?P @e&?éﬁﬁ 8%?6 @‘?%&6‘3 focal

lcdgﬂ?(ll) f i@ SERH(T) arE Q| L3dhpeRd ab deetibal. Ae3D t@hdferminateix i freated
is non-zero, then fromEQ 68, EQ 125 can be

frap thel FR2perspegtive amsfogs| matiy: inpssERtio BasfEWPast Felca foogl length
pr%éllfg &ﬁe E%?%lgﬁox{ g’}qbg{)%} [RCto Blel 3bSmAGKCI RERe dRddrNEhe roll

ed to determne the inverse

adfuSEdnt hsemei apilibll, bySre nangplgingahé hetrixt byea pi'4 ghottion platrix. The
IS non- zero. However, the sjigns of the sines &3@ 3nhd
roliypitsh anmﬁavppqemnwﬁwd%ﬂpscﬁh@ sice e O dHpOSIGo g PEFT direction

is ;gW ki?ié) ’ﬁlf HPEPY @gﬁ'&% @dﬂ;sgbﬂ t&3 fG3 1o rolihe gWettEJ‘actual

gl ven , S ovvn In EQ 126.
rolki gn can be aSSI gned arbitrarily to F, since the SI gn
of Jis known a priori. If gi 1is non-zero, then fromEQ

70, E@éﬁﬁle%n dnd miehaire ®dth kdrohthei focaldengtierand zt difset are both
fromE EQ 128 can be obtained. In pragti

, th .
ooy Sser heE RS, Hwexr.ip fhig qeseitsrg senq ne i g §pe ol since
ﬂle\/ﬂ}{cﬁ%ﬂ l%e?l?e]'aﬁ% wigs the larger magnitude. The

I“nver se oca I's unknown if gi and hi are both
zero, i.e. if the pltch and roll are both zero.

8.4.3.10 Handling Zero Pitch and Roll
When either the pitch or roll is zero, the general solution based on EQ 107

becomes invalid. The table of Figure 85 shows the 12 degenerate forms of EQ 64 through
EQ 71 which result when the yaw is variously zero (or 7), 7/2 (or 3n/2), and non-zero, and
the pitcﬁ and roll are variously zero and non-zero. The table of Figures 86 and 87 sets out
the required logic for detecting and handling cases where the pitch and/or roll are zero, with
each case motivated by zeros appearing in the table of Figure 85. The cases in the table of
Figure 85 are labelled with the case numbers from the table of Figures 86 and 87.

CONCLUSION - _
The present invention has been described with reference to a preferred

embodiment and number of specific alternative embodiments. However, it will be
appreciated by those skilled in the relevant fields that a number of other embodiments,
differing from those specifically described, will also fall within the spirit and scope of the

present invention. Accordingly, it will be understood that the invention is not intended to be



8.4.3.8 Solving for Z Ofset Once the inverse foca

length (J) is known, the z offset (1) is obtained from

EQ 80, according to EQ 129. Again, the z offset (1)

is unknown if the inverse focal length (J) is unknown,

i.e. if the pitch and roll-2fe both zero. -96-

8.4.3.9 Deternmining 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 -7r/4 < yT < nl4, a . .
limised tocthespenific cotbodiments deseribpd imtheomnesend specifieptign.eincluding

oS tpnBh 19 e B o i TR bi2be B0 iBion i
oﬂlﬂliﬁﬁ’t‘é&‘ﬁ the sF8héd Blaghy/es the sign of the sine (F) of
the pitch alone. The roll adjustnent is introduced as

follows. The viewport scale (S), inverse focal |length
(J), and z offset (1) are all conputed as descri bed.
3D transformmatrix is created fromthe 2D -
perspective transformmatrix. The inverses of the

vi ewport scale, focal length projection and z
translation are applied to the 3D matrix in reverse

order. The roll adjustnent is then applied by

pre-multiplying the matrix by a 7r/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 7E/4 roll adjustnment is
finally subtracted fromthe roll to give the actua
roll. Wien the roll and pitch are both zero, the foca
length and z of fset 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 Roll Wen
either the pitch or roll is zero, the general solution
based on EQ 107 becones invalid. The table of Figure
85 shows the 12 degenerate forns of EQ 64 through EQ
71 which result when the yaw is variously zero (or
Tr), n/2 (or 3n/2), and non-zero, and the pitch and
roll are variously zero and non-zero. The table of
Figures 86 and 87 sets out the required logic for
detecting and handl i ng cases where the pitch and/or
roll are zero, with each case notivated by zeros
appearing in the table of Figure 85. The cases in the
table of Figure 85 are |abelled with the case nunbers
fromthe table of Figures 86 and 87.



CONCLUSI ON  The present invention has been descri bed
wth reference to a preferred enbodi nent and nunber
of specific alternative enbodi nents. However, it wll
be appreciated by those skil&;d in the rel evant
fields that a nunber of other“enbodinents, differing
fromthose specifically described, wll also fall .
within the spirit and scope of the present invention.
Accordingly, it will be understood that the invention

intended to be 97- |limted to the specific

%En%'gg?nents escribed in the present specif.icatjqn

Y ncl udt $gsing g%ﬁ"e#%§°’}SH’§§PE‘?§‘%{"9&E%§F“E‘B§§§Y‘F%’P§1”3W e

as apggggﬁh,te. The scope of the invention is only

limted by The attached clains. -98- CLAIMS 1. A

sensi rdigitemiter fnpunted s thedhopsite th prajest lightentreansarpryof a surface to
devi ce including: a housing; a light enmtter nounted

_qeﬁmPﬁﬁ’housing to project light onto an area of a

sur f agQighPreckifer! MRERSH indhé héllRing!t6 eleiRla reTlediédihage flolethe area;
housing to receive a reflected image fromthe area,;

agfid a processor mounted in the housing to receive

MirN ih! ) Y&Eive 18 @itd floffihe light receiver;
0 SRS LS DR s B B, s e
whicidin thespetdr ahd rédeiveheachihags a kidven driaptatioprvwith respect to the housing,

recei ver. and processor together being configured to ..
taeoliahit eprificg TeY TR £TOCHOT 1geth gsles Ronfigirsh e, 57 [Pgation marks
oll! 6 EfSALe, | ACRAEHU IR ploReISN R BbiigRidde S Fbhddite itfeBtation data

representing at |east one of a yaw, a pitch and a roll
represehidngh gt deasigoni oha yewpe pitch and agoll 0§ éhg hesingayit respect to the

b t.he j . +2- A sensing. device as
l%ﬁagﬁ%g&fhbag?da?nrﬁn@%g?%ead 'ch a stylus nib is nmounted
in the housing to project fromthe housing so that a

user can carryaut a witjing,actjan w.th t stylus on, .
2ihe s qea%g dg‘.{lce'-ﬁ%clgm Wgcl?&g\./i,dg ch ngy:stlm A8 Elounted in the
hbuidd '@ prbfeed fisth B ﬁoﬁﬁgﬂm% R cHE 388y 060 ivrigikl @etidnOwith the
conmuni‘cate the inmage data to a conputer system 4. A

stybwontee siefaéce according to claim2, in which the
light emtter, receiver and :

3. The sensing device of claim 1 or 2 further including a communication means

configured to communicate the image data to a computer systern.

4. A sensing device according to claim 2, in which the light emitter, receiver and
processor are configured to sense a direction of movement and a change of position of the
stylus nib relative to the surface and to generate movement data representing said direction

and change of position when the stylus nib is moved relati\{e to the surface.

5. A sensing device according to claim 4, in which the processor is configured to

process the image data to generate data representing an identity of the region.

6. A sensing device according to claim 5, wherein the coded data is also indicative of
a plurality of reference points of the region, the processor being configured to generate the

movement data on the basis of the sensing device’s movement relative to at least one of the



processor are configured to sense a direction of
nmovenent and a change of position of the stylus nib
relative to the surface and to generate novenent data
representing said direction ﬁpd change of position:
when the stylus nib is noved Telative to the surface.
5. A sensing device according to claim4, in which the
processor is configured to process the imge data to
%gnerate data representing an identity of ‘the region.
TRCTCRCERWYP g devi ce according to claim5, wherein the
coded data is also indicative of a plurality of ‘
reference points of the region, the processar.bhein i
Teonf i dupessing deyjen apeording e %éeﬁ‘gﬁﬁg‘dﬁ? ?@% ‘Ea?% mﬁg‘SFssPe“"d“’
f easensi ice %IHLQ(Y&.’%B ' dafa on8RSbhasis of the
4§ﬁ§%%ﬂéhgég%gxﬁ%¥{%§ﬁ§ poil n s%zgshiﬁggﬁg%%g devi ce
n@s@nleli 0Tghd sylad Aibmelativeroat kst onb ef the gedodiaclameniel udes
periodic elenents, the processor being configured to
generate the novenent data on the basis of the
gmovemant., oo biGcSdcbbidigth RiaiRé &bt ¥,8vHiceil thel prasebson tsronfigured to
the periodiCt elenments. 8. A sensing device according,
stroplel apositiont afithey pibwielatiet to teat sav OB ESIreRcS ROFH Of airrf%&f’ clement,
to, sanple a.position of the nib relative to the at
Weéﬁto%ﬁt%%%%vggeﬁ%g " or periodic el ement,
thereby to generate the novenent data. 9. A sensing
devi ce according to claim8, .in which the processor i
9conf i durmping devige Aesoatias dp Aaimcd 1 arkich gﬁr&?‘é‘?ﬁ?"ﬁ& cgiigured to
' ' : SEhedd i Fehd $eABinf leviad from the at
gﬁ%%@?%%ﬁga?g?ésgﬁ%gﬁ%g%ﬂfeor pe??g%?% elenent.glo. A
lenstinmienefertesd méntas pericllinglemente| ai m 9, wherein the _
processor is configured to apply the distance data to
resolve a position of the sensing device. 11. A

16€NSi AYscleHME: GRviae GREdH Mg thociahad nwhereinhihe girocestve i icgifigured to
emtter, receiver and processor are configured to
apply dhe divienee drtate esolyP at Brsitionyaf the Sﬁﬁ‘sb“%‘ge"i"te' i s nmoved
relative to the surface , the processor being
configured to generate the novenent data by - . .
1per i odi sabing desmepktadingite davefewhereignthe Iight gmiHsrasgiver and

devi ce accordi to claim1l1l [ €] e i :
PRAFSPLHE pTHESrep Sa oCpaten L Sfds hiteas it BHhovod relative to the
. seEReE tBé prodsbort bns thiiganid @l devieatet the gneveimend date fyregiodically
.of _acceleration. 13. A sensing device according to
sanpling the ageples@fipeh t he processor is configured to

generate a tine reference as the sensing device is

moved relative to the surface region. . ) .
12. A sensing device according to claim 11, wherein the light emitter, receiver and

processor are configured to sense at least two substantially orthogonal components of

acceleration.

13. A sensing device according to claim 4, in which the processor is configured to

generate a time reference as the sensing device is moved relative to the surface region.

14, A sensing device according to claim 3, wherein the communication means is

wireless.



14. A sensing device according to claim3, wherein the
communi cation neans is wreless. -100- 15. A sensing

devi ce according to claim?2, further including a force
sensi ng neans operatively cohhected to the stylus and
configured to generate force data representing a

force applied to the surface by the stylus nib, the
processor being connected to the force sensing neans

150 " e0Clatink REyiEORESAAL o chfin 2\ RS AIAIRY b Trce sensing means
according t cwa|n11§, erein the conmuni cati on neans
operativady compected to che styhum nind avefigived fio gerdaferce datatyepresenting a

conmput er, syste 17. sensi n evi ce acgor di

P pRIiE, 1P aiiech oy e VBB GRS b Ptoct Pas Rlifelid to the force
s@RiGheanP¥ MBvedthe B26c d4.Cce data, when the stylus nib

I's applied to the surface and renoved fromthe

surface, thereby to identify the duration of a stroke.

8. A,sensing, device accqrdin L: [ Lgidd g ;
Wty ué FRORDE ge‘é\wf‘r&?‘ﬁ’lr Enf bdefuglrié)’rr‘girl%%lﬁ]gtﬁ? he sur ac&ed.1 cans 1
cdifigufeds6 BEMRUNIEEN iteefote @atadb fig: dompulearisystehB, whi ch

represents a pen. 20. A sensing device according to
claim1l1l, wherein the light emtter and receiver are

onf i QuLE b ' | Q5 8 %ini WiSCIR B frocedr 86 bonfigured to
lfl ght g:%’?ﬁ% tgg‘gééfgégi)nt etoi(%1 rar e’dni nkct_he Ikcoded datagur
détectny pay of thd forse defa; whemathe dtylusiaib 21appled tobe gerfare\and semoved

accordi to glaim1,. erein th rogcessor is
ﬁe&*g? t ﬂ?‘?Sgbygtg Eaﬁngfy\ém? ﬂ'érag?ﬁl gﬁ? %fol Sn data from
perspective distortion of at |east some of the coded
dat a.

18. A sensing device according to claim 2 in which the stylus nib is a marking nib for
marking the surface.

19. A sensing device according to claim 18, which represents a pen.

20. A sensing device according to ¢laim 1, wherein the light emitter and receiver are

| conﬁgured to illuminate infrared ink and to detect light reflected from the infrared ink the
coded data being printed using infrared ink.

21. A sensing device according to claim 1, wherein the processor is configured to

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



