1 SENSI NG DEVI CE W TH ORI ENTATI ON SENSOR FI ELD OF
I NVENTI ON The present invention relates generally to
net hods, systens and apparatus for interacting with
conmputers. The invention relates particularly to a
sensing device for sensing its own orientation
relative to a surface when noved or positioned
relative to the surface. Thé invention has been
devel oped primarily to allow a | arge nunber of
distributed wusers to interact wth networked

thereby 1SENSHRGHEVICRITH GRiERTATRINRNEBR
demand vi a hi gh-speed networked col or printers.
FIRLD REUYNENTHN| nvention will largely be described

h e I ei TheWrtdint GivEHtRACElated dehdrBliyU &L methbddMshdter€ and apparatus for
preciated that the invention is not Iimted to use

it ting v OBPHETS PN SRUSLIPCSHRONE YRR device for sensing

its BRh Biéhtation YeldtRE T ANera@RRRh AloVad 61'?'0531{161{39 rdifivt RRLPELRENT
invention are disclosed in the | owm ng co-pendi ng

appl iTRtinRAGor Hak %Qenbdév&lbﬁed%ahl%ﬁtﬂtall% a%gé gieser of distButed
present invention sinultaneously with the present

usqrhiPdpfeTagh Y thNPARE RIS oRpAtDE Yisrinkp Mgt md oyl speeTs, thereby to

obMRREI AR pNRRPIAS on NRREALHReh- E%ed\'%ﬁg%%s Although
NPPO22US, "NPPO23US,  NPSOLAUS, © NPS015US, - NPS

theNpsptigUs! INpenpe describgdermusitneSoEBeS) thisnsG008lide appreciated
thaﬁlhémufmn%d}@ﬁ&d BuMR YR, iy NOAUS The di scl osures of

t hese co-pending applications are i ncor porated herein
by cross- reference. Each application is tenmporarily

CO- plsnbkpﬁcmbmc}\-r@h@cket nunmber. This will be
USS mhen

I
Var o€ ot “YETE RET R B uct, BF iRy Peenvie ae
disgloed émthel follewing 0o-pariding ;Iialpﬁéhltlolsseﬁlledl by &Kwaﬁpﬁd:dnﬂm iGignee of the

ety Sln%rnaﬁfp{sous@ w0k PriERY n&hﬁ‘ﬁna%' et ober 2000

4¥m'§' OU PA 6U§§3§A%§DU§§PPOI3US
ALSNPP US 14US
F
i n

en]a? 7US NPSdzsUS
re i H'rate b? g§s-

reference. Each a Ilcatlon |s te orarlly i dentified
by it © QISEIRBYeS Rl HhEF co-prIdE gpplicafian S e proypeatet ereincby cross-

ref@€ict CERANGpNE: LIS SN et} Pari®y dich@Mdeby its docket number. This will be
replaced by the corresponding USSN when available.

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

present invention on 20 October 2000:

NPAOT1US, NPAO31US, NPA04QUS, NPA046US, NPA053US, NPAO0S9US,
NPA064US, NPB006US, NPS004US, NPS008US, NPS(13US, NPS024US,
UPO1US, UP0O2US, UPO3US, UP0O4US, UPO5US

The disclosures of these co-pending applications are incorporated herein by cross-
reference. Each application is temporarily identified by its docket number. This will be
replaced by the corresponding USSN when available.
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NPS065- SG 2 Vari ous net hods, systens and apparatus
relating to the present invention are disclosed in the
foll owi ng co-pending applications filed by the '
appl i cant or assignee of the present invention on 15
Sept ember 2000: NPA024US, NPA025US, NPA047US, NPA049US
The di scl osures of these co-pendi ng applications are
i ncorporated herein by cros$- reference. Each
application is tenporarily identified by its docket
nunbeg..This will be replaced by the corresponding US
SN whERFI4S AP0 SYS9RY B sePRaive delating, & dies Pigegt invention are
diszppar at e FRalg ddehding BEplRARHE Fledi LIVIEO bpARaRof assignee of the
di scl osed in_the foll ow ng co-pendi ng applications
PrYsPrt ARy oo d S SAIFTREs AP0 “assi gnee of the present
' ion._on 30 June 2000: NPA014US, NPA0O15US,
Nﬂrﬁ&ﬁggéusﬁ 4095 US NIPAGSBUS NPRPAGIS Us,  NPAOS0US,
NPAOS51US, NPAO52US, NPA063US, NPAO65US, NPAO67US,
NPAO 6 B18sliscgsiist o8 esengoRsrdinss PR TS 1S, inaqpseategiUisTein by cross-

refIRRQOHdsh apWRB(ISIYSemP RN Tl iEFEED 4SiocRECARYSy. This will be
PECO6US, PECO7US The di sclosures of these co-pending

replassd P e ForsPadve USRS se avadlablper ei n by cross-
reference. Each application is tenporarily identified
by i t%erip8t lesthody ntygtems e sappprpius elatinge sl Hicepressyt nyention are
diseREddeiR RAN 110G ineLoNeNifd afpYiddtoRP iRd bYahd Qﬂfﬁ‘lczm?top Qg%’nee of the
systens and apparatus relating to the present
Preseny @vention oa PR Jungi28@%:osed in the fol | owi ng co- pendi ng
applications filed by the applicant or assignee of the
NPAOLAES NKAOMYSn BIPAIR\Ry DBAG20UGACNP BRI SUPAODRABIIUS,
2RI Us NPRIOAH S Us NPRB AL USNPROEIE USNPARRIMSH 8 USPAO67US,
NPRBAIAS Us NPRBARY SUS NPREATIS USNPRBZRISS USNPREISEIS7 USNPB004US,
NPROATAS Us NPREIRYS) US PERBIIR 0 USPEREATR 1 USPERFRAIROUS, PECO7US
NPAO35US, NPA048US, NPAO75US, NPBOO US, NP13002US
NPKOOthggliscigpuerodiese criprBizeUsplisdiRo0s0 8 1compRd lgSin by cross-

RGOS AP AR B IS s vt o
repipebinalyscorimrading /8 SSNPRE tdBabIAPSO0 US, NPS003US,

NPS020US, NPTOO US, NPTO02US, NPTO03US, NPT004US,
NPXOXati8us  mieibkdo 3ysemNRXD G RBrtuNRX@Ing US, thiRX&tdtUByention are

disHEER 50 foht}éag§bwpending applications filed by the applicant or assignee of the
present invention on 23 May 2000:

NPAOOIUS, NPA002US, NPA004US, NPA00SUS, NPAOO6US, NPAQO7US,
NPAOOSUS, NPAOQ9US, NPAO10US, NPAQI2US, NPA016US, NPAO017US,
NPAO18US, NPAOI9US, NPAQO20US, NPA021US, NPAO030US, NPAO035US,
NPA048US, NPAO075US, NPBOCIUS, NPB002US, NPK002US, NPKO003US,
NPKO004US, NPK005US, NPMO001US, NPMO002US, NPMO003US, NPMO004US,
NPNOO1US, NPPOO1US, NPPO03US, NPP005US, NPP006US, NPPOO7US,
NPPOO8US, NPPOi6US, NPPO17US, NPPOI8US, NPS001US, NPS003US,
NPS020US, NPT0O01US, NPT002US, NPT003US, NPT004US, NPX001US,
NPX003US, NPX008US, NPXO0I1US, NPX014US, NPX016US, IJ52US,
IMS52US, MIJ10US, MI11US, MIJ12US, MI13US, MJ14US,
MIJ15US, MIJ34US, MI47US, MJ58US, MJe2US, MJ63US,
PAKO04US, PAKO5US, PAKO6US, PAKO7US, PAKOSUS, PECO01US,
PECO2US, PECO3US

The disclosures of these co-pending applications are incorporated herein by cross-
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I IMB2US, MJ10US' M| lus, MI12US, MI13US, Ml 4US,
MI15US, MI34US, MI47US, MI58US, MI62US, MI63US,
PAKO4US, PAKO5US, PAKO6US, PAKO7US, PAKO8US, PECO US,
PECO2US, PECO3US The di scl osures of these co-pending
applications are incorporated herein by cross-
NPS065- SG 3 reference. Each application is
temporarily identified by i8s docket nunber. This will
be replaced by the correspondi ng USSN when avail abl e.

ACK ND Presently, a,user of computer system. .
relp G S SPREEIRCE Sedpariy Heenaet Bin o Rasheterorifan; Lt wil be
refflazed By $pbenydspading USSNBitico Bvalable 2 keyboard and/ or nouse

for inputting information. \Whilst such an interface

is powerful, it is relatively bul ky and non-portabl e.

BACKGROWINDON printed on paper can be easier to read
and r,t ' ' j Y, .
NRELnBOLIAY & atHo u{epgﬁaﬁ‘lﬁlbgﬂgﬂbgeg cBNGith (0 S?rslt)%% ysing

conputer ronitor. However, oard or
moalt?;equ éﬁplpﬂpg pnfg@n‘gtprapncg/a kepbrard tahd'or ploiidei fowy inputting information.
W3 SARChn HidfloE R WGty GG GR o -

(;Ej{ ect of te%eC pre er?t%]l’ ﬁgésn%@?%ﬁew 0cC %Id ne & vaﬂet' a]féfé)gnatm
prioted parpapar qambereasierdio remingndt ieere ppsatderthan Suvivitiyn @Eplayed on a

esent i tion relates to a sensi.n

col LI, HG el ARE o RSP sl Ry AREF o Ry BSORI foks e
abilityg firiteyae ovitb compedofitedrat i ve to a surface, the

orientation data being indicative of an orientation

of the sensing device relative to the surface, the
OBJRGTace havi ng coded data di sposed wupon it, the coded

dat a ORI A @bjeBCbABd prégent WREToH eNEREbikdYadvARagEEHSHADn paper and
device, of the orientation, the sensing device

COMPHEG A a housing; orientation sensing neans
configured to generate the orientation data using at

e coded data; and communi cations
SuhﬁﬂaéYégﬁﬁﬁﬁﬁh@é_to conmuni cate the orientation data
t o a Theamysentenvestign edlates| to @ squsief eevied foprgondativgnirientaion data
wthL B?%ﬁro?tg& gn mg%dq"elatc'ivé E)dé Sﬁ%a'cé’, Ghd Eriénlga%ox AW b%%ntgcﬁdicative of an
orientation of the sensing device relative to the surface, the surface having coded data disposed

upon it, the coded data being indicative, when sensed by the sensing device, of the orientation,

the sensing device including:
a housing;

orientation sensing means configured to generate the orientation data using at least

some of the coded data; and

communications means configured to communicate the orientation data to a

computer system.

In a preferred embodiment the orientation data is indicative of the yaw, pitch and/or

roll of the housing relative to the surface.

Preferably, the sensing device includes motion sensing means for generating
movement data when the sensing device is moved relative to the surface, the communications

means being configured to communicate the movement data to the computer system.
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roll of the housing relative to the surface.
Preferably, the sensing device includes notion sensing
neans for generating novenent data when the sensing
device is noved relative to the surface, the
comuni cations neans being configured to communi cate
the novenent data to the conputer system NPS065-SG 4
Preferably al so, the sensind device includes region
identity sensing nmeans configured to sense, when the
sensi vice i sitioned ot ved relative to
r egi opnrg%?a%%yh 3FS° 33} %“@mgaﬁ%”‘iﬁs 5goat PRYst! ‘S%’BWB S?f'lsmﬁh@eans
com‘ﬁgﬂmd t6l adnag, f“melgthe @eﬂsﬁh@ rdbwhéeyhls qié\cﬁt&mb([ldﬂ 1ﬁ@¢eﬂ Y&atit t@ﬂregwn of the
of the re t.he communj cations pmean
sl el FdEAERmEGT K6 HidsEt, BEPELR G Gh ATaRYS afgn identiy

of dtregitr) tHeROmEQRPAtoAs metEbeRY, cdiTRuRH kenihinRAeIRNShiOH identity
P referab%¥ detects the orientation of the
mﬁ&b@?ﬁgan%F%ﬁq e to the surface dynanically as the

housi i s mmved. The housi ng nmay have an_el ongate

shape' ThiERAEYh SHE"R SPgs pr eger%@é Pete‘ﬁ? thenericatagion iofndipt housing

relﬁth}e tO0U Sarit@e BRBmidaRy mﬁ@ﬁou@i}lg% 1?&1@61 The Eousn%%ynﬂvé%yelongate
ni or nmar

vided wth a narkin
Shf’sl?a P"’ngéa“ Pruteld by asusprs e e@é%ﬁ?ﬂfﬁhe hqggsing Fl“mlhﬁt tiarefgipgn. The
ho@{riHy b Gro¥ide® Rt b infifkidy b FR YRGB thdaffcd, B 5y RlSMsEERYal.

be used to verify a person's sighature.

/-\| te %mm%yousgwﬂﬁ%ﬂ@deﬂmfﬁ%H rnfb@elﬁéﬂt 8hh BHelsPflem may be used

nal's can _enable the hou3|ng be used as™ a
to v %&ﬁ REsonsoTisneRETp ernagyin ca/njnaly@{wre%s'@ech loteriasion sségals can

endMet #le hbRm@8o B TRASE Qp@stﬁpfﬂ)ﬁ"@laﬁpﬂpmch 9%}’59&%011%3%5% with
that it i S not essen for the orientation sensin

thregedimensiqpalssofiware pplicatiqns ri¥ese theinit isfnot ¢seentialfer they omemta@lbn sensing
mehifdrt6 Qe FRMRHeRM8on (lftthé.rﬂé’usﬂ o il biir& cﬁﬁ]lrensﬁo%s Igﬁﬁ? 6L sfki¥nt to

the pitch, as some applications nmay not
deteqireudy. dhenpitelh @n ome rapehieatioisomay inaf (l)f:frﬂathr@rdlmﬁmmnal orientation

infSHAIR. For E)&E’l Eogé'hggsﬂgaﬁll S‘b 15’5%&90 @] a!l (%1%1 %n gsg?ctt 09 a device,

an aspect o evi ce as t ens
suchijagjthe ingenstti ef a/kightimethe folamé @Eﬂjlspdsaéaker b)b\;arydﬂg th Pigcht eeween 0°
iy&ph between 0° and 90'. The roll, pitch and yaw may
cal cul ated by detectlng perspectlve di stortion and

rotaﬁhg f Jhe oded dg Flr F ﬁ it can be used to
dot orie el waitgh nd, ¥V A Pe pifevlated by petgeting perspegtiyepdistpggion and
rotgion bathe coleddatwhen it | eaves the surface, with notion
between force application and renoval being defined
as a Fuﬁflly‘, étlean bé ﬁlseﬁ Ecﬁ@&&ﬁiﬂ}e wheg tHe Qb S@attlal Firdt BplicdRS th® Surface

tinme sta The apparatus is preferably a
a““gggeé‘r 6P 38 SHibE i ar DR Toipso PISYIFAUR Amfodemayal being

defii8d 6 £SEMGGCR FRBIMME. THe tfordB¥atDRfANMichRAPE: thid stdrkpeti S
preferably in the formof a stylus or pen.

The apparatus is preferably a separate implement containing the appropriate means

as discussed above. It may be any shape but it is preferably in the form of a stylus or pen.

Preferably, the apparatus incorporates a marking nib for marking the surface with

hand-drawn information, but this is not essential.

The apparatus is preferably intended for interaction with a computer system that can
be controlled and can interpret hand-drawn information (whether drawing or writing) applied

by a user via the device. Preferably, the sensing device is arranged to provide device
NPS065-SG




Preferably, the apparatus incorporates a marking nib
for marking the surface wi th hand-drawn i nformation,
but this is not essential. The apparatus is preferably
intended for interaction with a conputer systemthat
can be controlled and can interpret hand-drawn
i nformati on (whet her dramﬁn% or witing) applied by a
user via the device. Preferably, the sensing device is
arranged to provide devi ce NPSO65 SG 5

h un ueI identifies

n i matl
gt B0%0b R ool e Erishe iy Moo ot fFepuize svsiom may
thdréfbe ﬁs@thlsd&i’tiehtff}/tliehi@wd@Vl ce. Features and advant ages
of the present invention will becone apparent fromthe

foll ol%latmgas%ﬂ catli-gatdgesnofothe pkdedi inRAtien WiIEb&oMe abyaré’iﬂ)from the
acconmpany.

ol R aRPER st at b3 bR 61 BH Bderting to the

ac@tpatyigndiodingent s of the i nventi on will now be

descri bed, by way of non-limting exanple only, with

reference to the acconpanyi ng draw ngs, in which:
BRIEG DESCRIPTICGN OFDRANWINGST a the rel ati onshi p bet ween

a sanpligrdarand toﬁlgr Qﬁﬂogﬂ&%ts%%e ihenf@O JwnFnovspﬁ'ﬁ%’t?escrib&:d by way of

descri ption; gure a schematic view
nop-fimétingexdreme @ér,m@rrefaren@ttp thgacqepanyingvapageinprlicit er |
a netpage page server, and a netpage application
Figyey | ésra scherpatict 3 th felagonshipdistveeen o [siragle pumted fictpret padyits online
pa&le¥& gmpnd printers interconnected via a network;
i gur is a schematic view of a high- Ievel structure

%e a 1?5'55\;eﬁﬁt1@%¥eaza&e fh@gadthﬁ bgtwe!enpg @&8% tIl)J gq’lf%ip éel Ig)rﬂfter a

gure 5a 1s a plan view show ng a st

ﬂetn@em’amsewagand%@maee &mllc@loasqucan vi ew showi ng a

rel ati onship between a set of the tags shown in Figure
Figgee 3 ingrates £ celledtiaf of weteagesérvers met printpes inersnmgted eiziametwork;

the formof a netpage pen; Figure 6a is a plan view
Flgymmsmg?cmaab viswrrd i high-lstal stotctireoftf prantaetepageeartddty online page
de{}“?[%e 6b is a plan view showing a relationship

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

F;g{l#e%aqs aoélaﬁ/{,lgwslpofwu@%éﬁ%%gefana%gégr%g? device in the form

a ne page pen; Figure i'S &an vi ew showi ng an

Fi
g\?\i]re@re]gggﬁjﬂge ; Ssh%lwﬂl% olfelahcalsglg%%gve% \é\Q: of the t:!a%% gé%vyn in Figure 5a

are -snare tvveen a acent
andr fipld ef \Balv i retppiasensingdeveh ovthafprin héa hewpage baavi ng and
rotation of the synbols of the four
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 netpage sensing device in the form of a netpage pen;

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

targets are shared between adjacent tags;

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

codewords of the tag shown in Figure 6a;
Figure 7 is a flowchart of a tag image processing and decoding algorithm;

Figure 8 is a perspective view of a netpage pen and its associated tag-sensing field-of-view
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codewords of the tag shown in Figure 6a; Figure 7 is a
flowhart of a tag i nage processing and decodi ng
algorithm Figure 8 is a perspective view of a netpage
pen and its associ ated tag-sensing field-of-view
NPS065- SG 6 cone; Figure 9 is a perspective expl oded
vi ew of the netpage pen shown in Figure 8; Figure 10
is a schematic block diagrarf of a pen controller for
t he net page pen shown in Figures 8 and 9; Figure I
cohs @ perspective view of a wall-nounted netpage
printer; Figure 12 is a section through the |Iength of
:ﬁthgqgéya e @rin rdaf F%@yre 11; Figure l1l2a is an
BT ary 8“8%".‘ T WGP BPY I BC 1UPRR A6R VR B8 Sn of the

.dupl.exed print. jnes an | ue wheel assenbly; i
F‘%—‘P’gd & 13 eg’ah" 3@%@?@8‘%?&&8‘? °?fﬁ@ﬁf>fnier dbey petpage gen shown in
Figunds,8 aatl9; and gl ue paths, and print engines of the

net page printer of Figures 11 and 12; Figure 14 is a
Figed Enia b ipersidctivkvici 801 ad-abuntediipiteiringpnt rol | er for

the netpage printer shown in Figures |I | and 12;
Figeirg L1 i a 3&utibss theough b NaiginGof Blcaetpagh jiafed 67 Ifurelyp! exed

print engine controllers and MenjetTM print heads
Figuss Bl ighrechaspddpotilod op FighfealR sEOhg ©kdcBbn @}thpheﬁed: lbrgit' Efgines

an%g$%5%%¥égﬂéﬁgis a schematic bl ock diagram of the

ontroller shown in Figures 14 and 15;
.Fi e 17 i.S,a perspective.view of a single Memct~
Fl%l}‘]g‘;:{ I8 ﬁig(?eallg%lﬁ ’of zﬂl,g ggtqdﬁf’:, eurl% Air é&%\ﬁlﬁF ga}ths, fqafg]print engines of
thenetpagggringr oNFighireof1 mdgoy es 10 to 12; Figure 18 is a
perspective view of a small part of an array of

Figun] 4eib 28themafid blogk @R BE & printéri Ohtrled Br HS nBpsRS driakr Yown in

.perspectjve views illustrating the operating cycle of
F4§53§£@W{t¥f printing el ement shown in Figure 13;

F_Fig e 20 is a perspective view of a short segment of
‘%‘rep%m hemafisgleakTairgsrn Af Heplered pRpgenetne zentradlces and Memjet™

priftfEHRTRsbGatdd @ith BE pBntttSBhirdllePSDwH iPBLAR 4.F1 gure 22 is a
schematic view of a printer class diagranm Figure 23

Figfe 1 i5 & BORRbGCOIVAKEMsPIm Bf REPrifilcAsiie dindd e@@%mﬁl ﬁ%ﬁg@:‘%% and
15_|s a schematic view of an application class diagram

2

Figure 17 is a perspective view of a single Memjet™ printing element, as used in, for example,

the netpage printer of Figures 10 to 12;
Figure 18 is a perspective view of a small part of an array of Memjet™ printing elements;

Figure 19 is a series of perspective views illustrating the operating cycle of the Memjet™

printing element shown in Figure 13;

Figure 20 is a perspective view of a short segment of a pagewidth Memjet™ printhead;
Figure 21 is a schematic view of a user class diagram;

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

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

Figure 24 is a schematic view of an application class diagram;
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NPS065-SG 7 Figure 25 is a schematic view of a
docunent and page description class diagram Figure
26 is a schematic view of a docunent and page
ownership class diagram Figure 27 is a schematic
view of a term nal elenent specialization class
diagram Figure 28 is a schematic view of a static
el ement specialization clas¥ diagram Figure 29 is a
schematic view of a hyperlink el ement class di agram
ic view of a hyperlink el ement

Fi e 3Q is. a.sch t ¢
%@f{ ‘aP' Pt viRy §;;3‘ WhEEY A7 Pack(igriRtion glapsgiggram;
Fi sch vi ew of hyper | i nked group. class di agram
Iﬁ“@ 8 a§ enaticyVigyy H&T%P‘Be“& prspage 0‘5“‘%’ %’FRﬁl"@F disgrag agr am
Fi %. %ﬁls a sch matic view of a digital ink class
‘%ﬁr g{'éﬁf e devse ﬁ@ﬂlaﬂfé GH@ﬁ*&tSPW\W%WI GPSSadléfgf@P d
Fi @ﬁﬁ @Pe0|allz %ion cl ass dla ram gure 35is a
l%léfh f PTCPRRRY BT L2 TatisclensRt sppedd laat&m& rgERam
F Is.a.sch natlg view of a text field class
‘%‘ire%grléf’rfc eBAtis ey of2 hygerlink elemept class A of a signature
el d C| ss diagra re 38 is a flowhart of an
Fl% Spp ‘8%%% ¥ ?3” %ﬁ%ﬁ??ré'ﬂgh?lelmn@ seglatigtion clasy disetags | ed
Fi flo ha%% of .one s of. the flomchart of Figure 38;
I%Efe emticVieyy P?%‘“WéW“BF ass Jagg@ser ver command
| ass di a ure 40 is a schematic view
F‘%’fe %EF %§°(C§'ﬁ'?‘%té9 "é"é’é%r‘ﬁ B BIPFS%F’&E‘I’?;di agram Figure 41 is
hemati c view vorjtes list class diagram
Flggfeg{} R Fpepicy V‘%Tﬁé’rfﬁ%‘fa "gP% grahi story |ist class
schen&tlc view of a
n%il‘F‘Bﬂgd’é‘l"T ?férfliﬁ?dp YRBE Specialization class dineram; o
mati c view, of r k re uest cl ass di agram
Figgfs &3#%3 e‘?’%""é"%‘i’faé‘ﬁg%/‘{f‘g ’vﬁL el é‘i‘gﬁ'%er i nk
act vat i r ot oco e 46 is a schematic view of
Figirey gr‘?ﬁ’ %‘%Hﬁ%ﬁs}ﬁ'e&h" ﬁrtﬁitgﬁlglc ass gpgIPe 47 is a schematic
cojmm. SSi on. rotocol; Figure 48 is a
Figure eﬁgﬁ‘ﬁ? ?cge‘\}‘i‘t'g\ﬁ‘eé"fo I s fgida‘gqséfi’a%'?}g es making up a
NPS065- SG Fi ure 49 is a schematic view of a
F‘g}‘mgl & flgveehart of angeeet g ocessing plgeritt®hene;  Figure 50 is a
i rst C and D _synbol
Flggfe%& éftal C%W\%‘gﬁl‘@ﬂ%a” °r£—(?"§ §ice Ol'éti‘g flawchag 855’#’&‘? P& view of a
Figure%g isa schergatlgv%r\l' ofa pag nstér%ler c%lmlrr%% E:llexglgntsc]%ipsedrlrfgram
Figure 40 is a schematic view of a resource description class diagram;
Figure 41 is a schematic view of a favorites list class diagram;
Figure 42 is a schematic view of a history list class diagram;
Figure 43 is a schematic view of a subscription delivery protocol;
Figure 44 is a schematic view of a hyperlink request class diagram;
Figure 45 is a schematic view of a hyperlink activation protocol;
Figure 46 is a schematic view of a form submission protocol;

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

Figure 48 is a schematic view of a set of radial wedges making up a symbol;
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Figure 52 is a schematic view of a triangular tag
packi ng; Figure 53 is a perspective view of an

i cosahedron; Figure 54 is a perspective view of an

i cosahedral geodesic with frequency 3; Figure 55 is a
schematic view of a mininmumtag spacing; Figure 56 is
a schematic view of a mninmmtag spaci ng which avoi ds
overlap; Figure 57 is a sciematic view of a first tag
insertion case; Figure 58 is a schematic view of a

FEFEH Bp sAiphs 6oY AlF s Al BN Dlocatngeiat0 | o b
. VI ew .of urth. tag.insertjon case; Figure
FEEOSTRY et ofy oo e %mw%%syamoemomosﬁcne@pat il

tic view of a pen

.1 f 6 h

L R e e
64 h t f

TR BB SR )2

ure 65 matic view of a curved nib
Fl‘cﬂ% %Elts P?ers"%cbﬁ’rvée‘% alnécoéc@ H%?mati c view of an
action between, sanpl.in uency. and tag
Flgurr ‘{féﬁgffspe"%ed’uer“é"fé‘? igogahg g iieglcl"t‘}ﬂ’\ffeélb\?ﬂﬁi’ 3a pen
e 68 is a flowhart of a stroke

ath: Fi
Fl%"gepisfﬁ% ‘%‘F’é‘?ﬁ"i ‘?W?r?{aa‘ﬁlé"m‘ﬁ Garwcss i s a schermtl c view
I aw d| i cl ass di agram re 70 is a
Fl%”a%fﬁ e e LRI B O BB Bl QTR gur e
abl e cont uations nunbered | | to 20;
FI@ e éJS %aﬁmﬁ“gm V"f"?ﬂ%’i%ef%&t&?ﬁ‘ﬁ? "r’i‘lgc“@qua;J i ons numbered 21
F ;86 NPS065- SG%‘9 glfl 73.is a table containing
l%’reuatl?%ﬁcgelﬁﬂf?o"éerw apgeqng lag JnsertigN QA 74 is a tabl e

ni n uati o nmbered 35 to 41; Figure 75 is
Fights n%gdf %S‘"?E‘%'H%‘g"h% aé&‘ffg‘iﬂg BREUALTESr ed 42 to 44;
re 7 t ab ntaij nin uati ons nunbered 45
F]giuoeq(’xjfs”cg?laﬂ}c yi tjgo‘éft %%Pée"ﬂ‘g‘rﬁa "ni ng equations
ure 78 is a tabl e containing
Flgé’fqe t'f %ﬁcgerﬁﬂ%éerw %"3512“9 engsjion r“\i‘ft'dﬁfoea SPEfases a tabl e
Fig%% e}s EE] Iscﬂgnaﬁ%l{f?etwo asperrll Hn egregnqetrsy? to 57;

Figure 63 is a 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 view 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;

Figure 68 is a flowchart of a stroke capture algorithm; and

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

Figure 70 is a table containing equations numbered 1 to 10;

Figure 71 is a table containing equations numbered 11 to 20;

Figure 72 is a table containing equations numbered 21 to 26;
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Figure 80 is a table containing equations nunbered 58
to 59; Figure 81 is a table containing equations
nunbered 60 to 63; Figure 82 is a table containing
equations nunbered 64 to 74; Figure 83 is a table
cont ai ni ng equations nunbered 75 to 86; Figure 84 is
a tabl e containing equations nunbered 87 to 99;
Figure 85 is a table contai i ng equati ons nunbered 100
tol 11; Figure 86 is a table containing equations
.nunpered 112 to 120; . Figure 87 _is a table containing
F‘%’(ﬁ%ﬁsﬁﬁ@ SRoRBEINEsayasipng impowd 2Efqyik e 88 is a table
.con%fjnin a set of degenerate forns of equations 64
Figuge 7 13 2 tabcfigpiaingg epuatighy puymbered 37 o 4 a tabl e
.containing conditions and special handling for zero
Figgrg ﬁsﬁﬁ‘ﬂ?ﬂ’C?E‘iaﬁ"nrg&ﬂvajm’é%‘ﬂmb@@ﬁf%t%?i s the second part
_of %Eg %%Ple of . Figure 89. DETAILED DESCRI PTI ON OF
Figheg-(eirpiablempaingemiatioranmbiert $ 0t e:  Menijeff is a
tr _narg¥of Si|lverbrook Research Pty Ltd, Australi a.
Figuee t e 2 fPlsrcapiraresasrdansumbered Adto Hvent i on i s

SIS SR e B LGP, Terked
b BB BRI Bl S 4T LT o
r Bl ST e SRR b s el 1
FESHS BB Perhd TR SRR GG o [ SOuce the
s R Y R
L B SPRAR R gy usbeRiTR, e prerer e
R RER S T
i S B SR BB BT o T

. sensi.n evi ce.. Dependi n on the specific
F”?ﬁg%éﬁ%ﬁﬁ%ﬁ?ﬁﬂngﬁ aﬁﬂﬁr%Fggﬁqéﬁ%%ézﬁay be encoded

. Vi sj bl invisibly, and defined in such a way that a
Flgmi?cgglls %{?Eﬂ;?yo%ﬂmﬂgﬁ aﬂ‘é"ﬁﬁ@ﬂg?ﬁ‘f {4t 13%el ds an

.un i gupus nmap, reference both within the map_ and
Flggﬁgiigbs g‘a&?f’%‘}t%‘ﬁll“g ﬁﬁ?ﬁfdeﬁﬁ‘é"“r?{% t equdriopsihtedh cont ai n

.1 nfar.mat.i on ahout, featuyres on the ppe surface, and
Fig i R P G LS P P RS s b g or et pich and
zerb eflea@nces supplied by a sensing

Figure 90 is the second 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 that
not every implementation will necessarily embody all or even most of the specific details and
extensions discussed below in relation to the basic system. However, the system is described in

its most complete form to reduce the need for external reference when attempting to
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device used with the mapped surface. The information
thus retrieved can take the formof actions which are
initiated by the conmputer system on behal f .of the
operator in response to the operator's interaction
with the surface features. In its preferred form the
net page systemrelies on the production of, and human
interaction with, netpages.l0hese are pages of text,
graphi cs and i mages printed on ordinary paper, but
@% ch work like interactive web &MP Information is
undststyiethe oroniext it paisa thej pgferred, gmbadimaenty ands aspseta il the (pyesent
inveR¥dnSdpbla@. t 0 t he unai ded human eye. The ink, however,
and thereby the coded data, can be sensed by an
opt i cialdrigf kuBArROthD Prefaid o RS fiet fe§fgd %'s¥ehmeerﬂﬁ5ﬁafg @omputer
stem Substrates other than paper may be used
mt%f#&% dede farmad renapend seHacenibatp @fpbysiesur ﬁwmpwﬂtamsgefawnces

to h Hap JF 81 BRIRQ Pty fr‘ed' ink c%ﬂlgutélo f)@t@m' Phd ﬁﬁ;’?l@fé&l@&' dah V€ queried
opt1 cal sensor may used desi red ot her

by \fiiy IPERE 18 SSCRERE 5@’1‘{93 Eygpesding err@n ribe seecHisi ipptementatien, the map
retb RS 9)9} b@éﬂcode%lmlﬁgp 1nQﬁSlya:LrJd%'éﬁ?etd|uy ch 3 \’%9 Fﬂé‘?‘? local query on

magnetic i nks and sensors. 'In the preferre
thegmpnipge serface dr?édsm@dumwpenwsnk@ wferange hoth axjthirc the e and among

diffelrén? lﬁﬁE . Yink Qomél gn 5 g? CAHE %Hoﬁﬂ%&’x{ 5@0{1{ {%Qf‘l(li %mtﬁg]r%apped

net wor or to erences to a networ
surfage, apf suabriblothatien can heaxtrievad tasedrpnbiyapirafecknos sapprhed p)ag eensing
devllcqe l?sléﬁ QIR ﬂhg ﬂl kn% ed’ SN ’rﬁ@ %f&ﬁ%&n" HGE, étggfed cgn gagn%m folm of
text I n the netpage system a
aﬁﬁmshéahawlmhﬁﬁéhhépcenbmdmwnmngnbdsﬁgﬁﬂtupe&nrmcapdsdname

op&QDﬁSﬂﬁLﬁagfwﬁﬂgwgﬁhggﬁg&%glIy verified, allowng

e-commer ce transacti ons 0 be securely authorized. As

i1 ustrat r| nt ed net

epr dhdR et S AHE pdopdd B S N B8 BBabedbRidg ang human
mttbyctloh avilhs petpaged. thde)ase paksd yi tegin gjtaplacspmdnhmgbs paiged oanddinary

e nun on het we t he
pangh (EERRRRSERLIN bt B R PR R Ehors iS4t dagebies usine
ink' wl‘hci‘r msulﬁdﬁﬁﬂﬁ@-lﬁﬁsnbkanb gieningigediznanel e dike 86wévie lafls thereby
The .net e consists of [

an ubm t button. a raphi c
e e SBh e S B g Py SRR PR Gerd A T metpage
sysmm rsmmiraas othef thhh afck (ﬁﬁtyQJE uk@l) Thé eht‘.bﬂélgmfdﬂﬂlhtﬁdnbih&hd Péferred

rres ndi. n r|pt|o stored o
emh%flﬂ%lﬁ i Felliar BhelRs imfed s nii RGO e SGHSHeT Bpy be
usell & deir@ngBer WaveRAths Graly e iided bp SesingeScHnRRed ¥iR6 ABS optical
atial extent (zone) of ,each interactive el enent
Sen(‘ig ne pligrmatiye sitoussmagpatic diks pid A xanpl e), to al | ow
t he netpa ten1to correctly jnterpret input via
the At a%ge ‘émsEﬂS‘?f‘F putfont nshygerlinks on g3ckppgescan hgglicked with

the OB réquéktiieiBrma60k Fre RIRNIEY IR of 1D 8ighdl PhefdbncBth MEwREk deRRr. In
correspondi ng graphic 8. As illustrated in Figure 2,

ong qqg)oﬂlél}eﬁfaéeét enll'@/ hpnd gn 5pgp@ep%§1tqr@qtlﬁ@lbﬂfrewgp@w gngd converted
to c%lfﬂi’a\ﬁfér tekiNin ThIMRSe SysRAH afovRRE fdiiﬁ§ & BRI HRMEr dRRInkents,

ow, works in conjunction W th a net page
31gnatures recorded on a netpage are automatically verified, allowing e-commerce transactions

to be securely authorized.

As illustrated in Figure 1, a printed netpage 1 can represent a interactive form which
can be filled in by the user both physically, on the printed page, and “electronically”, via

communication between the pen and the netpage system. The example shows a “Request” form
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printer 601, an Internet-connected printing appliance

for hone, office or nobile use. The pen is wreless

and comuni cates securely with the netpage printer via

a short-range radio Ilink 9. If desired the pen may be

connected to the systemutilizing wires or an infrared

transmtter, although both alternatives [imt

usability. The netpage printkr 601, a preferred form

of which is shown in Figures | | to 13 and descri bed

in nore detail below, is able to deliver, periodically
cogipingig nawfranAddset ikitand 3 stpmittuien dibe petpagesepsists b graphic data 2
pri&fet akiRg SisibRIiNE A Esle@04la 9k RUDLJICAIh QP Bigs Rlding invisible ink.

printed at high quality as interactive ne?pages. o
Thgyspiresaondingeratdrarrintipprpterd or the nefetgs agvop idercapesithe indjvidual
el ARBs| RMELnARAEE M pa@iBuileic dfRfib& A 'B&)@ and/\@a{iél ré%é?t[ (lee) of each
. adjacent to an area where the nmorning news is first
intergptiyg rekanent (g htexistigls o buftparin shokgxampleh to alkeyr the netpage system to

RERRH{atet InBR! v 1m0 IR HRRRS, & ' f i
cc’depgr t lé}?e i gr' t he deiate. It eaﬁgo@congg’ ?)rﬁé}tmg@;leg%ig&mm 7 which
coglespiids i the enatialiskientnd therromesponding sranhii fons.  Net pages

printed at their point of consunption conbine the .

ease-of Ulugeatedfin biggeer2, the nefpagenpent i0hed prafegrsd fomd of which is shown
in E[HhRE BG4 Y dnd B | { ' - it
m RS 355 L0 RS D Yoo bAT) SRy e
prigigried . slinternghcangntédmrinting applipwg éor home dffvewnunbikatse Lhe pen is

[ S - 1.Qald the interaction t
2, 085k 08 o ) L SHRELARR A8 .1

des?imﬂ dheypen oAy be coivected ke tha rsystere tupitigieg page os ew wefrarelQrdnermitter,
auhd?;gﬁfb&ﬁﬁﬁe%e{t&@s- limil (saRPR/ OPri ate circunmstances, the

page Server sénds a corfespondi ng nessage to

appl i-gati r..seftware runni.ng .on a netpa

appl 1 AR efRReegEATRHb 1 Rl ey iR o P g 13 ane
dedcribeit memale aletad dplows ds althd chddliserp periddedilypor bidemand, personalized

originatin ripnter.. The netpage systemis nade . .
e Ry oSS SRTORT L L PR B BP B o high uality
as endvativeeapagky UnBkagpatsaal dompeio) iHereipa@pritdr ik an appliance which

hi gh- speed .m crpel ect ropechani cal system NPS065-SG 12
ca RN CBARRY VHRTRIRVBHOE Pt eF Aiteeothe TORIRg news & fir
conpu@bd sidhchs 04 DierekitéHah,nebieChrBAROMble! & ndir tNEhdhsehold’s point of

hi gh- e d. hi gh-qual .t rinting js nmade nore
dengptHig orciby %*Yt also R @ole ?’/r43%0%?%%@{6@@@mlm%vrﬁwerams-
net page publ icatiopn _has the physical characteristics
of a TRAETS: POV atEls Relgadl FrasumALigR romRing thegasqspf-use of paper
with@iel tBiielifiésg ennRESHvVIBATES inkrddil €slediinf Ul | col or on both
si des, bound together for easy navigation and

conf ot sablveinFagEe 2,78 nelfiBe PRl 10 GRerRdts Wit the 8Xd2H Ahth Sn b PAnted
rOMAngéavalLabllLty of broadband | nternet access.

netpags land gorypynicates, vig 2 shogpage rilialink b theppferagion I ngtprge Arnter.

Th&piitt@Ck0DlseHds She iRBMHERARD e TIRIGM SRpALE pSoe sOMECTY BBinterpretation.
broadband Internet access is already available to 20%

In agprepriateccircyaganses; ﬁﬁg@gﬁ) Perpgresends a corresponding message to application

computer software running on a netpage application server 13. The application server may in

wirk
n

turn send a response which is printed on the originating printer.

The netpage system is made considerably more convenient in the preferred

embodiment by being used in conjunction with high-speed microelectromechanical system
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can al so operate with sl ower connections, but either
with [onger delivery tines or |lower inmage quality or
bot h. I ndeed, the netpage system can be enabl ed usi ng
exi sting consunmer inkjet and |aser printers, although
the systemw || operate nore slowy and wll therefore
be | ess acceptable froma consuner's point of view
In other enbodi nents, the nélpage systemis hosted on
a private intranet. hi still other enbodinents, the
net page systemis hosted on a single conputer or

( (e et Mepisdd) praters g dhe ragfelaeqoﬁom phihis treknglagye relatively
hlgliﬂr%laédcﬁﬂ cﬁﬁﬁf&eﬂrﬁtlﬂéls%acfe Neor GE DA %fd@@ﬁr&r@rﬁ its 8referred

figured to deliver gilnt quality p I catl ons

Omt%%%@gﬁ PPiication hasethe plagisicall chswmenﬁm obadraditional newsmagazine,
sudledsi VRF Sertpldiz0 %E@‘iﬂ%és%rﬁl@d gpﬁlﬁccrolop L' god] %Ed?éa%gund t?gether for

printers via pointcasting and nulticasting
eagyngyigetiongnd @epfedabld hardlihgpubl i cations are filtered and

formatted according to individual user profiles. A

net pabhe 1straga pinterpplots the rgfqvgug sailility v boadbaad )I’nternet access
CaBlB& e %favaﬁl@ﬁé 'to 951’/(% o?hcﬁﬁého he&’\ét%:tlgs %Hc%/ cat%Ha moedem service

net page printers. e 58
offerirghbradbpadytapeh aceh%ssts alrmdy queelabld én 20%| oithese The wstphl hnter

cal"R¥o < e% x%tﬁ:ﬁ&wliqﬁ %I)ﬁn%}lo% bﬁps{ tﬁgr \?'1 %elageﬁ.w 0§ rt!f%}ef o\y\zower image

assi to eac
quiiiy br batle dndeed, i iptpagsyatenlicst baiedabled ofing existing ténsteaiirigét and

t I tion, server or licati. AN, se
lasEID gﬁnt&g Qlﬁ’%g%ho tﬂﬁeéygtgegﬁ aﬂle 8perat% marg 20?{6}9 aﬂcil &4 erf:{%e [)e less
acqee‘slpie (ftqm/e cheawinkyjs peinbef v1exh-lohmbafr ,enbedigents ahe &hdtpb@l G¥em is
e entify a user. A netpage
hos%cﬂ gn an%@r%& agé(t.r g'lg?tglfoetg% Oemb()?lﬂlegts, 6gtagge Sé’ﬂf"gﬂ? ggﬁt%inon a
smgb [cyeputdr ok C(aﬂ;dltdr-iemdbmd detice, Guivh a®h ptilere paynent card
accounts. This allows e-comerce paynents to be

S e C u I‘Tﬁt]gage @ultlh@tﬂonzsedfetsSIMQn tHeencqaty ﬁ@@roﬂt&ﬁe cditfRgured to deliver
on server compares nat ure

Prln aqu)] e aulﬁgat?(héa etrﬁzasage JpteRs. n‘ﬁ’eréodﬂﬁa Vl? igns  are delivered
autbmgficalie rtg chubdcgbiag ufeq).agé:ﬂphﬁl\étsnglal poirdthsanil Bﬁﬂ tlﬂl.ﬂ:tﬂfaﬁmgt REmet
| entlt {o.an e rce_ server.
proR e Pt BE o PR 7 SRR 870 BFHF Aqps Fsiadiiual usr
profitlentity. A version of the netpage pen includes
fingerprint scanning, verified in a simlar way by
t he mehme plifigt GinrbatcbMibubrtY Qlippodahy Rttker 3f P& PAAE pen can

ﬂb del i ver periodicals such as the norning
wo ‘O@b i A HSBRee R Fers. it e pesfrred ﬂnplpmer&%mnb@ch netpage pen

hasCzO lilﬁikl@él l'd%ﬁ’tlﬁb@V&rhohééth@'ﬂlé&eﬁavU rhséﬂllb@tlohqq dolndg 5@}]5 be pbik, one
preferred for it only delivers periodicals Prom
asssgaﬁis@rﬁab%aleweroqfﬁ b il Bt AUPYeza06h Yistii maintaima dispinas profile

with @&P&E to a héifagh %Blﬂﬁg@onp&ei‘v@ & apbﬁcaHHrIl kéf*@er BashitindBGLE Gssigned
or e- mai | account which is visib
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 linked
to one or more payment card accounts. This allows e-commerce payments to be securely
authorized using the netpage pen. The netpage registration server compares the signature
captured by the netpage pen with a previously registered signature, allowing it to authenticate

the user’s identity to an e-commerce server. Other biometrics can also be used to verify
NP3085-SG
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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 be by way of selecting
outside users allowed too send junk mail. 1 . NETPAGE
SYSTEM ARCHI TECTURE Each obj®ct nodel in the systemis
descri bed using a Unified Mdeling Language (UMW)
cl.ass diagram A class diagram consists of a set of

idegfiye frversioRd dhe I&&?ﬁ%&%ﬂéﬂclwi%s fipgqrprint sergpingrerifigfhintagémilar way

by Khe 528 refigikaAiboh Qe ps are of interest here:

associ ations and generalizations. An association

repr eg@ivush & A8Bagk iphidicPfnaf ﬂél%f fRBicHs BRuWe aR ﬂ&hﬁg thSwspaper

i.e. bet ween | nst ances of classes. A genera | zat
withawtpseisintgeventign, &) ogs de sonfigyepdigreride dakivee patobeitedijmnk m@ In its

prdf@tdd T & o‘ﬁ@ydeh{récrs rﬁh@ﬁ? frb sﬁlﬁ&%htor %er@v%setabtﬁoﬁz%ﬁ sQUrces. Tn

al | objécts of th cl ass, and cl ass IS a
thig) gsach thezetnagn Pr@fferclﬁ selikep, fax h?@de ¢rse-19alh§ﬂcw1a whithdevisible to

anyo um%‘ma’ﬁ@xcah& l(m trlec‘ te%'pﬂ%ﬁ‘? fimbEr && &ﬁaﬁ%}i&g{ %kgtglln?tﬂvgw tthQ entire

e nanme of the class contains a
SYSéﬂﬂ% may be edofisiblado cbtsids usersepancht wer hayolm firtradadawith thy ability to

ex;tb@é el %Iélgtler( t@ glgs ?ér]]cg)sr%?sf kllus?f'n[ ? %?h? ey ?ﬂosg{e tg1§,g‘%>rﬁt351d% fusetr:!'] Sllowed

cl ass, a ate

toqﬁmdnmhu@ﬂ line. hi the class diagrams which follow,
however, operations are never nodel ed. An associ ation
IS dramn as a line joining two classes, optionally

1. | abe|NETPAGE SYSTRM ARGHITEGIURE t he nul ti pI icity of the
assoaiaalﬁ bigict analel ilehathstemid ldedcpibddCising d Bniie® Moﬁamg Language

icates a nulti I|C|ty of "many
U Glagy 5&%@@ Aeslers dagam; sorpigh A Sbtf Rigey 9Iasfsafbeqn@acted by
reIMdohﬂupsI SnBaf> kadd b rabsAsiOp aaNal| MidadPaleRd Abociations and
her end with the role of the corresponding class.

gef}&ﬁl GRS i ABATAIRdieRREts someakiat of atlatinshi defeiesn phiacts, ie.

bettvedrSinfR@ichs G classes 20 GerdefaliditRNRel@ts 4cAR] 1R SRALA be ﬁﬁHérsﬁIod in
the association |ine. A generalization réelationsh

the foliagving way: & aplassys thepght of g% the setiofall phigaty efghat W@SSCM@S}S%SA isa

genbhalibatBR o PEISRW, &emﬁ@&;&gm&h&% open triangle) at the
generallzatlon end 65-SG 14 Wen a cl ass di agram

i's breakiefaddBs iAkA aTWhickRbR | K
is duplicated is Shown m%t ﬁk@g;§%§g=%§% Iﬁ§§§ﬁ¥h#gaﬁmnsa

list g theaffEibutesi of thei cdage. apnavdigdcirone e inaae b ¢ horjzontaislinesandwarlist of the
opéMtfoHs AF el Atk eiepé} od rﬁxﬁlthe{hg detiblte 1&#[? B8R rizoneat (NET, ]?At%%lass

es are t tion on which a net page ne
dlagrgmbyjﬁmh follplelyovysvery prgeatigns 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 default 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 the

aggregator end of the association line.

A generalization relationship (“is-a”) is drawn as a solid line joining two classes,
with an arrow (in the form of an open triangle) at the generalization end.
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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 printed on or into the
surface of the page, nmay be in or on a sub-|ayer of
the page or may be otherw s& incorporated into the
page. The online page description is naintained
persis entI by a netpage page server. The page
deschiﬂ?q Brf %a%%ﬂaaw brakenyyisinty awftipledieerame Ay rilash pvhich is
duflicated s HRGE wilh"E A EielirRXh all BAB infath diddEm WIBRGERfindstit. It is
al so, describes the input elements on the page,
shewev ittt st lpvbere fypeaphks, and input fields. The
page descriptions of different netpages may share
conponents such as an inmage, although the netpages
1{ and N§7BAGES oci at ed page descriptions) are visibly
di f f etprges arhehe @agcatldmesm mihjzhi 20uetfage netsvolrk mé)tlﬂllag"ﬁeym‘ymde a
n _conponents.

£
pa%egt%!asgg gse} fenlte? gentﬁg)ﬁl')(hsﬂecf 1nﬁga%t1o%l mgerar?g{r)epsgbvécea en on | ts

S ur I ﬁfg %%ttg?ogs *%gns?stsmil a.t e[%{n?ﬁﬁatgé/ b 'R‘lt 1l"I %uﬁfgi%e lgglgyﬁl;ng}%gs éagtgﬁ%wnh
ref&ames ma@s)nﬁaesdascrmtnom f thblq)m@v Thig tagsOm@I lbeqmmeldpmtor into the surface

h d t di st h
B T O ST (I Y T,
pa@h [I‘he pﬂlge fabr Basrigivhfis eda@iidingdr pRediSdn€lN by Q1 efapé Pehdl s8Rer. The

KN (ST N L

and negd Ralss dewkrite éit iffit cleMentasn GE pade, ASluINE Bittohd) Byperlinks, and
i [ h reference t%lthe page

. enyiro nt i | ar ge.
inrgbSeIF, I dies desermpitiu o eIgnt flefAREE N9 afem@ptn&@ts such as an

lmégéeilﬂlbflghetﬁe néthed Rh@UR BREROPa e§d?1ph$ns§‘9@®@sﬁl§ didafbnt. The
repy indirectly identifies t page descrlptlon In

Pa&e SEPHPL fr gl ATSRASE Ayt iac F‘P?efefe&’g“’%\‘?l tgdhffsa EPPIPR gampangnts. A
netPAR aR&Sd ﬁlh&ﬁg%adehﬁﬂp@l%ag%rcﬁQE%ﬁﬂfﬁﬁ kS he snﬁﬁltah&%sl&%ﬁﬁured

are described in nore detail below Tags are printed

ang pjogeptef Jy Bg neBasspHehe i nk on any substrate which is
infrared- reflective, such as ordi nary paper.
Near Npliipla me@agea van ehge the same rags fesepitiont However, fioyslew input

thr&)68 oﬂféHJtlseaﬁgntr%ﬂﬁiakéé 1S B ARMEN h&i %&Hh'ngﬁéeaig %ssig'ﬁ@r% umque page

sensor with an appropriate Tiltér. A sensor sensitive
ideptifier nlhis paga I has Wacine argeiniop ﬁo Jistinanish hetiveenrdlynetpages savisaged

to belis¥ i GikL éﬁ@ﬁ&mﬂeﬁt Siukd, ?{)tﬁe &viro dﬁrﬁ&'t‘ sTsfd theﬁlﬁéq:ﬁeils%g’ & not be

Q her wavel engths may be use appropriate
as8@%9?Whﬁ%&waﬁﬂﬂﬁ@ﬁgéﬂggeA tag is sensed by an area
i mage sensor in the netpage pen, decoded and the data
encodeeh 1sferanaetortheypags descriplioniis ensadadgn a mentadtagalie tag identifies

theﬁﬁ\églhg géée%%vaﬁ{hgr lé%)eM'E Ak ,‘}}J%?’E fudy a%tle‘ﬂgérﬁ?igse?aﬁ @5%1 q{e?crlgtmn In
the Fprqueérembbrjjmantg Hortag alanggmﬁashtsoown position on the page. Characteristics

of the tags are described in more detail below.

Tags are printed in infrared-absorptive ink on any substrate which is infrared-
reflective, such as ordinary paper. Near-infrared wavelengths are invisible to the human eye
but are easily sensed by a solid-state image sensor with an appropriate filter. A sensor sensitive
to the relative wavelength or wavelengths may be used, in which case no filters are required.
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link. Tags are sufficiently small and densely arranged
that the pen can reliably imge at | east one tag even
on a single click on the page. It is inportant that
the pen recogni ze the tag and extract the page ID and
position on every interaction with the page, since the
interaction is stateless. Tags are error-correctably
encoded to make them partially tolerant to surface
damage. The net page page server maintains a unique
age |nstance for each printed netpage, allowing it
& Vs IseHTs mhax beipsedi WEY 2psroprige substEAesIP BNPEE val ues for
input fields in the page description for each printed
net payée FHesebhyet #i5s Hnase sesoeihe Awpiga gen. decoded and the data
en&HRASE by Ml @R is &HBmRRI% ﬂﬁ%{eﬁﬁg@ sysﬁ:[ﬁd pldf@at}y LW1AtR nearest netpage
netpage is shown in Figure 4 t he preferred
Prigigh Jdif Rehie wmlssqoaa@eeomwgmamsémrlsthag@tﬁae &riplgr vip & shortygpge radio
link. hﬁagE‘ ﬁﬁe%ﬁﬂﬁxeﬂfl}b Shfl anWeEslélypaHa déeqqmlt ttheaﬂ'éq canh r'ehglﬁ?‘fmage at least
t he net page user who requeste I's not
ong g ewen ef) a piggle ighickerr top m@eoit ig mportwvéhﬂt itherpen medogrizepthe tag and
t ins
exiefa e 188 110 B RiGon! (A0 EROR1eCHon RO B B ol TheBhieon i
Staw&ﬁyss iTegs arpertpe-comectably enprsledh togeake Shem partelly edere tegirface damage.
for whom the page was printed. 1.2 NETPAGE TAGS 1.2.1
Tag Deheanc(Daget Rge sarver mapitaisey wraghefpogempstae fortcagh printed netpage,
allévdiﬁgtlfl g]lnl%§ 1t.a €a rﬁ&g&”ﬁt@ Yi@:lr glﬁ)é)il&d @BR&%O? ’mpﬁp?ieltdp?n the opage
dessupticai for dablagmtmetphger el ate t o the r egl on as a whol e
or to the tag. One or nore flag bits may, for exanple,
Si gnaT heaeltaﬁtglslsie rbsiwegn thevpage desoriptipnothic degd imetdiec bnd the printed
f C ' i .
netg 1 alg d ]w}{ ?n ptgur@ 4. MQEG% é{gﬂfrgcfﬁ'gb éi%fqesggtﬁgmp%% dj}lsgazlc%%g?sgglgt%% with
bouheiﬁﬂeﬁetnage pmdesrdnqhﬂtrm@d itoefnd t if knoveagthe netpdgemesrp@geeqnemed it. It is
not\?\%\ééntlaf % wor}ﬁng o the Hlvel‘ltl%}:l g a 1ts E'y&gigtflo ﬂgll[. ?h% ?age mstance be

e zone
assotigtad wh emm thie metqiageqinmm whnh amnedathe eéreipaniding physial page or the

ach taqg cont eas recogni.zed i nvari ant

ne@iS s e e D B R s P SERERHER. and whi ch

assists in mnimzing the effect of any war p i nduced

y t or by the sensing process. The tags

1dgr ef LL&TEF{B/E?%% the entire page, and are sufficiently

smal I_ and densely arranged that the pen can NPS065-SG
135 (TagRatag-q e at |east one tag even on a single

clicHn anpnafeﬁrecp&gm ehdh fag idemphest amtregidsmtn tvhieh pieappears, and the

0 1D and ti on o

locgt(ia %eo? g{cf r%% wht\%nQﬁ te%lon A {A% By 3 also céo Z'Il‘% é‘%]fits ﬁo tﬂ'l%reglon as
a m&tGIt@ﬂE.tag iOna op mafeelﬂargeh‘its ey ofdr antp,le El@ﬁal me@ @nsiiigdevice to

pro\%}ile Ctjged%actkal%d{cz?t;v% St & ngt(l:(lmdgsssoclatécp with tﬁe 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
contains an easily recognized invariant structure which aids initial detection, and which assists
in minimizing the effect of any warp induced by the surface or by the sensing process. The tags

preferably tile the entire page, and are sufficiently small and densely arranged that the pen can
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page, and the region ID encoded in the tag is

t herefore synonynous with the page fl) of the page on

whi ch the tag appears. In other enbodinents, the

region to which a tag refers can be an arbitrary

subregi on of a page or other surface. For exanple, it

can coincide with the zone of an interactive el enent,

in which case the region IDl&€can directly identify the

i nteractive elenent Each tag typically contains 16

bits of tag H, at least 90 bits of region ID, and a
relighhigrecot lirbgenia wen padaiveliglisk At wage {tdy ‘“éf@ﬁé’lttﬂgﬁt gfe pen
re@gniRethe pAPaDEl PeiorPonlReR) ititetadibnl iith BYPRR! dittedhd BRELHon is

size of up to 1024 square’inches. Larger regions can
aﬁ@*ﬁapped continuously w thout increasing the tag ID

precision sinply by using abutting regions and nmaps.

The laiagwsteread; carvodiacple 8y regionetgivdvich) aag rrflerycainpides Bithgn entire
pag®dd the %kt‘?onolfD &Qﬂd’eﬁr}h iy is tﬂéreﬂ%sstyn&{é'ﬁﬂ9§§ﬁh tﬁer]ﬁge ID of the

concatenati on of the two Can be considered as a
Pagfl ij‘ahlplythe fAscApEearadn eficr cabadiments| the region tmyhicka dag dofrs can be

G ok By c
o e B el b Rt 2h e SHEHCRA STl 3 R Sorh il b ik e of
an AnigQcliyet eleragitom Wiick | cheswihe 29@04 D027 drectly idaify dh lnteractlve
elehfehd 10N trillion) different regions to be uniquely

|§ent|f|ed Tags may al so contain type infornmation,

and Y X

types. ii:?% tg{)} eﬂ:g? co?ﬁgfs ?ggqf&g r(])‘f“tnz}g;th éameastt 49 %ltg ke%%gnIeD, and a
nuybar of filag s Assoonld o qaximpoong denatte sf @éhpbraqmtdmph Selt-bit tag ID

' t n or
Squtmt% I’C?%é %ge Y)\fly]tc 16?4 %ﬁl%:%ﬁéiclrngs llgagr ér %u}{ls agriob nqglpﬁgé contmuously
wit}bmécihgieasmgmmy t:@ﬂ?rmreezsmm slnagls_l:tyhuamg phmﬂ:tngdegoms kmldmaps The
dlsg@?ﬁg gé ?oegretgljgrer. aﬁia %g nco IOStl ope, og cr%weél n¥S ﬁ‘?ﬁ?&‘t purposes
theeandatenagpnad teaivo saﬂ.l%&obsldae(h’fs algu‘n"b@]rl)nmﬁqlmmag ID‘IEOIiVE&er, it may

bits of it ata are redu Iy coded u (15,
aisg e BoRgnieity bR et By PR baptioS R Gt . Fgf o X nd v
codingtessbf thg taf pﬁmad ewgmﬂm anmﬂs529ﬂ(4m0f7 &Yatohsand &itlon trillion)
dT%he g15, 5 code (Pgto 5 sy errors_to pe
IR BREOR &P Rty %d “f‘? agq pay § S¢ GP‘EF?‘Hr’ﬁ’Pf’o‘PfC’ama“"" and a

regscylrﬁ@agal beethgeRtl WithtatniRfurdIF thtypS&YFRexampIe) deﬁi«ﬁgibﬁ ma?%e Bagged with
IS regresent ed in a Spatl al coher ent

ondyig§of 1B HIEoqiag cHTEmE RLnpAEN St Gyl D6 dicaring ¥

coddliBatbs) 1t&¥ill @a‘dﬁﬂeoﬁ%ﬂtth@}ebhén W tihd g 4 BretigiBn mhP bSmRI 1@ than
that _.a_hurst. NPS065-SG 17. error (an error affecting

Jushdseerivgd depsiyting o thy enyipripenhin Whishstie spstemgul bauseni num

nunber of synbols overall and a m ni mum nunber of
1.5 kol PRI BRpIe bur st of ror can be fully

cor r dupaglembodiment 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 33% per

codeword,

Each 4-bit symbol is represented in a spatially coherent way in the tag, and the

symbols of the six codewords are interleaved spatially within the tag. This ensures that a burst
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Any suitable error-correcting code code can be used in
pl ace of a (15, 5) Reed- Sol onon code, for exanple a
Reed- Sol onon code with nore or | ess redundancy, with
the sane or different synbol and codeword sizes;
anot her bl ock code; or a different kind of code, such
as a convol utional code (see, for exanple, Stephen B
W cker, Error Control Systeh® for Digital
Communi cation and Storage, Prentice-Hall 1995, the
contents of which a herein |ncorporated by
errey GiseiFost Afeghifgeultiple sspatiab adjasent brtshy dapasgs @ ypigimpe number of
syRBOIS byl dné RHASIRRERAHuBE: @fsyhblEs hady o&fb%mvdr@ tﬁts%&ﬁméng the
i ncludes fixed target structures 15,
liklghopd Beitherbirst egpeesa be §illy Tarsectqdy ed target structures
allow a sensing device such as the netpage pen to
det echmt fdablagrraneprieptingr corle sodenanchecisad ifs Plogradf a (15, 5) Reed-
SofrloR REARL fo Bxanlp®! Akded Kolofhoh Q@de%ﬁﬁﬁﬁ&e ot l@% rgc@ GandY, %ﬁ the same

contain representations of the individ Its of
or differrabgymbabandzpodeword siggshinsiher blpd‘p@rdetfa:gl dlﬁmractmdtqfome such

LN&nbdtions e ' 2
as eﬁ or Ildr11]t§ eééﬁg q%%6g)6 & arﬁ'plug eSﬁthgﬁ Bﬁrwgfcesr g?&e(rzg&trgg?gsgems for
Digitai Kommiingeaigane nndoﬁtoaagg,uPreztthverallAt99St Hiescantegs| eft Which tahkerein
: [ ' be surrounded by a "quiet ara' of
]m%ggfﬁglggﬁﬁggggmgghce the quiet area is al so

contri buted by adjacent tags, it only adds 16 dots to

1.2.8e a8 féa't‘f'ﬁ @t%ﬁir@r of the tag. The tag incl udes
t etect on ri 15 al
iéﬁs.ﬂﬁg@ma@ SEBFER, Dl YR heEt 1 R o Defes i free

smucsﬂraaasy 16,01 Tgide@tiakle datd Sfeat 18,1 Fhefed tdr@R Atrhdfurt MR 2 Bdnsing
and ﬁ%§e a sinple correction of its aspect ratio

de‘f‘w §s Sltetqgge P?Petoe‘%efeé?t:fhg tag w&e]pgeﬁététﬂpr%dlmensmnal orientation

rellive ttorthd @dmsorATh® Ghi@Rkeat |c&ﬁa1ﬁl)i‘b}§es$§ta@dnk Q)‘ﬂEthet haivERASHiRYof the
devjce to determ ne the approxi mate pl anar

enqofeddag datt-on of the t ag due to the yaw of the sensor
The orientation axis is skewed to yield a uniqg
or i enfeaohiSH: PRBRItagEPogtion the tagrigenderadatal ﬂewtloh of 256x256

dof? BWRENG eVt 3 6od &bts', ﬁbfr%{chqm yRfS Y @1?]{11 WRQiaf TP BB A0 pm. At

perspective transform of h&tag and hence an accurate
thig fgpedetiondhariag & @ﬁ'ﬁhedrieévﬁtswuwnéfrﬂcbym fquiet anei’0of rediug Heddtsa §ince

therqﬁle%rbé/ £ afsQ c%rl?ﬁbu?e@i %'Ei}acé?tlt agg &' ogﬁftadﬁé féjcﬁ)ttslﬁ) B e"i]f%&lve diameter

redundantly large t npr ov 'rormmunity
of htagover al | tag shape |s crrcular Thi s supports
anongst other things, optiml tag NPS065-SG 18
packilihg tagrinelwdes six dypdtatrudturia r%giﬁlte&tiorgltiligllﬁ dlowh thesensing device

to fnﬁﬂlﬂ& rdglgctttﬁo Végl ?hean%étsbéagyr ﬁ)rcy dﬁQP ?ec??]s% n? rot%t’l onaﬁf ?nvarlan(:f‘ and

ar range exes O
bquuﬂeyeg smph:ammqglqn Hpisxspget rat10 removes most of the effects of perspecttve

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 three-

dimensional position and orientation of the tag relative to the sensor.
All target structures are redundantly large to improve their immunity to noise.

The overall tag shape is circular. This supports, amongst other things, optimal tag
NPS065-3G



where n ranges from3 to infinity, as desired. In
conbination with the circular detection ring 15, this
makes a circul ar arrangenent of data bits within the
tag optimal. As shown in Figure 48, to maximze its
size, each data bit is represented by a radial wedge 5
10 in the formof an area bounded by two radial |ines
512, a radially inner arc 51 and a radially outer arc
516. Each wedge 5 10 has a m ni mum di nensi on of 8
dots at 1600 dpii and is designed so that its Dbase
pagiinggon pg drrogige rtﬂ%}s@msm sughsasyis nequirefl tpdilapn exbitary gon-planar
surficBl TR B BbPEVer, Beeanaﬁgéa at tlRehaRt oPhny g@o%%@g R Afkxes,
i s always equal to the mni mum di nensi on.
whegst Taraggastitom 3 o infiaisy. @s desired) Ip porbinagiop agxﬂlsl.mclwlamgectwn ring
ISV\ﬁQgﬁaiesgé- Bircuf® aRfERbmSR QMath Bitd v Bth ﬁw‘ltgg al;mﬁl 18 dofhtn Fi igure
data synbol s of each of the six codewords are
48 ol Inepxipieqlity sz, pachidatarbit ig epeesenied by sipdisbivedee (348 inBe farm of an
are!l%guncﬁzﬁ %Wwb Qacii:dl glldgseSI% a er:heh 1?%(:'1‘ %?cvglq {nﬁsama(‘ﬁgl fg‘uter ahc 516.

hown I n gur es I rst
Eadoﬂedm r>d8 hssze)nﬁﬂ@mardem@lsm ohBaldtsat tl éQOndm @hdyisi designed so that its

bas%I ([ & l‘HS %ep érgt rl%s %S' at 'i]eaare%#ﬂ QO {hhs ﬁlﬁlgum Igrfenélprf ﬁrhs ?a%YaI ﬂgght of

desi g 0 ‘maxi m ze 't he average s
thebw@geﬁloamyalwaymewhbolﬂm winimire @mm&annodﬁevlnﬂdm Gttheymbol is

AESTRI A ARLSHIBIEIER RaghiB b Bk
h Do
L, B PO AT A e

coﬂcamﬁmsjnﬁhihl rings 1% WEITSGJ ;hoﬂzﬁ(]ﬁsﬁ‘@qus tlhaﬁter]@aﬁhfahlﬁgl as shown in
enco syf f.i cj ent r e for e_Jj.nten . .

Fishits 1o Hr Svabiih o6 iE o ARt S scre gD giemaiely in

cirbuls phasdsdiond @vald,thevag. truly essential to the working of
the invention. As such other tag arrangenents may be

util iﬂﬁdntedﬁﬁﬁiﬁ’@hf&esigﬁecbﬁohﬁdxnﬁﬁg thetaveregeldpeisal dlistance between any
desc in US Patents 5,625,412, 5 661 506,
tw% ’s lgf)li)f tlgnan@ (‘gggwgf Aﬁ)tl‘gﬁ arrg;@?lnarﬂfﬂof F%]ﬁwords or their data

sydiold hiyH/wlil2Q7, the contents of each of which are
incorporated herein by reference. In order to support

'si ngthe-phkdick laybiit STRE tagO Br WeldRaR 4nd QP QllarpBAER DI \i@ smbols
senS|n9 devi ce, the sensing device nust _he able to
withigecach tag grgspor Sawential €9 fhe WOAB% Af the dnveptiqng Itds mgrelipesessary that

cadiBdgl EoddREfiRicht InfolBatiof Girakk iffendl W ahe MNeloB RURIIARY ih PR tag is
senS|n9 device is positioned. The required djaneter

pregured (bt faf K% Basst leYaLeARt dmly; gfeentil 18 fhrgwerkipg < thesinvention. As such

othtmhﬁé ﬁlfrﬁfg@mé’nti HAEbd Qtﬁhz@é Hxhgpei 5ieot§ar1‘(i!ag SReEled IreesdrB&d in US
Assum %@n circular tag sha t he m ni num

Patgta S I | P65 50Rs oS AT R a4 4. R0 BET Sppbcation
PC?MS@'S)Q@?)’?V\"H@ Bortd¥&s dr %% RGRich 'a}quco%rﬁecﬁﬁwlﬂ R Rfefnce.

triangular grid, as shown i n Figure
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 size and

spacing of the tags.
Assuming a circular tag shape, the minimum diameter of the sensor field of view is
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1.2.4 Tag I mage Processing and Decodi ng The tag i nage
processi ng and decoding of a tag of figure 5 perforned
by a sensing device such as the netpage pen is shown
in Figure 7. Wiile a captured inage is being acquired
fromthe image sensor, the dynam c range of the inage
is determ ned (at 20). The center of the range is
then chosen as the binary theshold for the i mage 21.
The |nage i's then t hreshol ded and segnmented into
te er I ons S..23) . (at. 22).
‘tﬁ‘? Sge dleiay a§ﬂfﬁfﬂtﬂf§tf@ﬂs %r%'ée%ts UL gt
structures are di scarded. The size and centroid of
c Bi nary shape nonments 25
1. g?e t-ﬁe‘ﬁ?@a&%ﬁo@aﬁ('ﬂ? a%ELB?c&d"@ach shape, and these
pr ovi He tagndse grosessigg aedﬁéﬂgequmﬁa ipg pHBaure hgetfarmgéby a sensing
devibd Hch W @S bR ﬁ&@rﬂﬁ ’

SPALMEH 68ROl AOARE (TR sl s A
frony e inage senedr, éleémmle@pmf tireditniage ladeterrmmia(atu 26n Th'e"hener of the
{ e

f”&h‘f@&%ﬂr B it rdolyol B b, 18 Beq BGpeproiae
eﬂgareeteld mhvewntmted peset tegiensdi. e;tsbapbeiw) (ett/ﬁﬁ): Ehapgs wmdcaed@ small
r.ot.at i.on- [.i zi.n
to p%)ge% tarr%f) %t%tuéc E,gdls&gdsegczﬁe - SiZe. ercen roid 0{ §gch as?ape is also
commnﬂhllzed the ring is easy to recognize even if the
perspective distortion was significant. The ring's
ori giBiadry abg:ecmoramts 2hmt ihen c@ipitaiget Re)y fgpreasti slapq and these

f p e ective tr nsfo rm
RS ARPEP IBLLAR Bl s SRRGEL 8" e
thefratat@@invaridat ohpasgiopr odeedl be basily appd jnivingant beschilleNgp&et ratio and

rotQtprmallzatlons to each shape's nonents, and
otati on- nornaI|2|ng the resulting nonents. Once its

seco ord r |zed the axis target .is
easi In@e rmég%% b é: .r © @lts ghet Wsto Bk JE’) (f’to%gﬁaﬂlé?g ]?f'ﬁﬁ’t?n"fi"a“tage
of itgingeepuy rvedi behaddds aibi gidﬁp@tlfmhﬁstbm Fl’ﬂﬁt&hlbé ®roceeds by aspect-
entat 0 F .axi s, The sha é del 1 berately
nofliibe Bt PR artac: FEk b SpHEK O RBGogel poments

aretridrhalizéd the riag lisyeaPODSbddighizd eveh Off B b&gb'eﬂtﬁfermﬂtérﬁ&l #hsignificant.

t after it has_had the ring
Th%‘]flgfﬁﬁ%%&'@f 6er?§°taﬁBB:rP‘éH°“ & t&g@th%emis'é? &peef] grproximation of the

paﬁm&m&nﬁhﬁ&nﬁan bide the axis target's axis. The axis
target's original rotation provides a useful

appr hk &Rk t@get Ofrudnl?e 16 20hS néx@tAbd BLarsiUBt 19). M@t@hlﬂ@}%oceeds by
The .fQur perspective target structures 17 are

apﬁ%%tgﬁ theoringes PefRatietorsato eagly shapsgamoreats, #ad é@tﬂt@ﬁl-fpﬁ@ﬂlmng the

res@lfifd tnoRBSts. a0Re GRNRENEGrR A SRtheRR at‘é"'ﬁ‘drﬁ'laff{ég‘ﬁib Shatarat is easily

rel ati onships to.the ring NPS065-
recognized. Note that one third order moment is requ:red to dlsambtguate the two possible

orientations of the axis. The shape is deliberately skewed to one side to make this possible.
Note also that it is only possible to rotation-normalize the axis target after it has had the ring’s
normalizations applied, since the perspective distortion can hide the axis target’s axis. The axis
target’s original rotation provides a useful approximation of the tag’s rotation due to pen yaw
29.

The four perspective target structures 17 are the last to be located (at 30). Good
estimates of their positions are computed based on their known spatial relationships to the ring

NPS065-5G
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and axis targets, the aspect and rotation of the ring,
and the rotation of the axis. Matching proceeds by
applying the ring's normalizations to each shape's
nonents. Once their second- order nonments are
normal i zed the circul ar perspective targets are easy
to recogni ze, and the target closest to each
estimated position is takendlas a match. The origi na
centroids of the four perspective targets are then

taken to be the perspective-distorted coners 31 of a
anq5 Q’U%lltaégeé‘f’ thq<z|1§6%'ﬁ agq sofatjoq of élge g]&@gd theygtagipn of the axis. Matching

prd%beglg by Glg;gylﬁg tH%frl grselﬁﬂﬁmzﬁﬁfﬁ REEdch \iRapk s M RENDAR thSir second-
inferre based on solving the well-understood

ordef At HH §rerr@rla%112ﬁ§;thp wEClgUReTIPave fagsts R gasy e dreogndzsaand the
tar% 'cBEes%' ¢ach e(sﬁﬁgtem lﬁﬁﬁﬁ; takdn as aﬁﬁmﬁﬁﬁ“ﬁé‘&ﬁélﬁi Odntrb Q¥ Bf’lﬁlg four

ppi ng and | nmage rpi ng Masters Thesi's, Dept.
perEIRCSye @rgesfarCich faken ao ae ﬂBemﬂz@b@yfe—dmqum icomprs R g@ rat square of

an m#ﬁrﬁe %ace? %tﬁéﬁeli‘gﬁ]{g@%‘eé%@eed&ﬁ 215:1%‘?&{1 a?hs@ﬁ-n % 1scilﬂferred

ar e _ncor porate Ccr O_SS r ence
(ati3@F asedeeon t@gngmwlltﬂ@darﬁa@eeqspme retasing fecfounteg-space and image-

spatgg g&g{) Bl (%e% #&E?er@ 9, %gaagl%ﬁ 2l Teile ﬁggg?ngmﬁamag A rping,

space In o I mage
Masteesl Thesib, Idt. pOEEES, dh of Califomecht B@rkbﬁey |1?¢elandayReport No. UCB/CSD

89/‘5 % ?ﬁgqb% %{B%Btﬁl%? 2>f \%dﬂgh ;rg Hé’reln %C(e) oﬁged%,gjcx?)%sgr%%er&ce el's

thre l. hoI ult to
pro dﬁ@g ?(ﬁl%gdf {aﬁ #Ja%g q? s£$a|3%a%é @en?pec%%ectéang opn é%bse% t? grOJect (at
36)gatls kepvnhiatachilyesition bt g B[&de info infaps spaaq/wh@atlh refl-vilingl position

. Si =Dit . decpded (at 38
s tyfs“@r“c?ﬁfiyomg&’ (e TP 58 PR Sy SRR Bl . e
prelvmtlsij/ conNatted itnhgdt thickilChide wesddo shresholld sheae@ltaa piobsd thafinal bit

gfmord order, so that codewords are inplicitly
I'nterl eaved during the sanpling process. As

nent ned th cal .tag,structure or

e odiNG AU 80 Wit 3 arheye b el o iR rkphof B s gp-bi
Reéli—$tﬂd§mqiﬂ k)tﬁb tveals ﬁﬂécﬁﬂ@cﬁ(ﬁﬁﬂ&)&o ofeldeBclecéeg bffﬁS’Q, e 1205&doded bits
N e unders that t rocess for
in st Sl s i Hb 0thoHg MBI 4 PR PEeF st ekspdenasgs ar
implRity deinetaded deapemhdsaiilink pRcpBysi cal structure of the

tag and the systemused for redundantly encodi ng the

dat a As'lfﬁ@tlf)ﬂeﬁgbdj\%[ e phybkal t8g QfukiviresR ddHinis Bystenbid BaF Sential to

[ ose relationship to the
"hedﬁ‘éﬁ‘%ﬂ’t @gi%teﬁ V\sttcﬁ]eaqaf‘wenfsf" Fifiiries mms bf‘p'asﬁ Tillbe understood
tha€ @EPHr8EeSs tcaqecolgﬁlzag caaarmb&idﬁlgt 188 tdgSinQt t6 WHle tBdata encoded
successful |l y decoded, then no pen position is recorded

deReis quHiBe BYPI oo of the Gha Ao thea%éta'a A% ot wewdlaptiygncoding the
datpower and ideally a non-mninmal field of view 193, an
alternative strategy involves seeking another tag in

the quyerigp tar%e@wﬁ -onlyBudPiAl fi8sked @ﬁhéjf?ﬁa@e whske qastﬁﬁsm;hl% the
|dent|t erelon contalnlngt etag and
1mqug%gu%that the ring, if found, is part of a complete tag. If a complete tag is not found

and successfully decoded, then no pen position is recorded for the current frame. Given
adequate processing power and ideally a non-minimal field of view 193, an alternative strategy

involves seeking another tag in the current image.

The obtained tag data indicates the identity of the region containing the tag and the
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21 position of the tag wthin the region. An accurate
position 35 of the pen nib in the region, as well as
the overall orientation 35 of the pen, is then
inferred (at 34) fromthe perspective transform 33
observed on the tag and the known spatial relationship
bet ween the pen's physical axis and the pen's optica
axis. 1.2.5 Alternative Tag2lStructures The tag
structure just described is designed to allow both
regular tilings of planar surfaces and .irregular

POilﬁlfm #ighe B8 "ﬂ%‘ﬁ‘ e sgion. AQ RERESPOSIYOR 3P of theinep Afsin ghegregion, as

wellOfs thd Bve@RNSfiddkation BOSTTIthY FerOMs MORiMFhAde(at SH! EAF BR- perddective
the nore usual case of planar surfaces where regul ar

trapsfpry 4% obgsrved oqps ther fag (584 dipkeown spatialsiglatigrship beivgenathe pen’s
physt@EhSs £k tRAREE ol e |1 ke, nore efficient tag
structures can be used which exploit the regul ar
nature of the tiling. An alternative tag structure

1.29re mtgrhgﬁl‘,é-pagﬂ\sf,-ggmr@g tiling is shown in Figure 6a.

The Iter

por s, BRI b Cycived 1 REE BTN el Bl ngs pfptanar
surfaegss andd Gﬁﬁgniab e:dng‘syoiBﬁdimﬁhrtar Glirfades. RepuldS tilBagsemt not, in general,

746. represents sj xt eed- So
posg&;ﬁgo Oy oD arrsg?fgcgs %g{hglmo(ﬁ usfﬂ](fafﬁy (%f glana’;ﬁgﬁiacg wI?ere regulglr tilings
of 2P ra&SﬁcmnSleS aehsuffaes bu&haSshaetd of pé;i’ea a@d d:jeelﬂfbh mﬁ}% Officient tag
e corres ot. The

S“%@F?B%ﬁ% 3?@FB§H§N&W8H@&@T@%%83$@ 5%hared betmeen

adj acent, ta as sh ures 6b._and )

G oot o S B ey ey &+ Ry e g n Hire Ga. The
altéfdtive Sgonig |sq1gremnﬂlhaymuf p&bpdctdle ttp@wv11.98is siviia€ b sﬁu&hre to tags

span .t he di agonal Fi gure 6¢ shows
desgﬁ'afgﬁjéiﬁe Al m@%”‘*@ JHe tee iyt 1ixy iiheed Solomon
syrhisdlls 47, Edii‘attbtat S0 bRY! ' R Sreprblehtd Gach dnd Bit ad h dot 48, and cach zero

Reedﬁgolonon code, It 2 bits of tag data are
bit Péa‘h‘f s6Req §f theeQsersrpneige dofy @Bwéspz%e ety designed tohgeshared

tvest adfRERWRE O Bb®n hﬁltﬁﬁﬁrleseﬁyﬁﬂl &P??ghn@'dbysh%st mdaaxtehﬁmg of 16

tag to maxinize resilience to burst errors. Assum ng
tagg andsthe perrespyding migimyer fipldeol vigyy £933 hishenust sperythe diaganpls of two
tag@Fifthe (6@ AwblhlGuard Winglf il IR BShAhE oft BuBToict B6: fiftiration

are designed to not overlap their nei ghbors,
purgessiips of tags cannot produce structures mhlch

resenble targets. This al so saves ink. The

per s psigia(és.t ) Rged-Solemey eotlerld2 hity ofiagidataare regnndatly ¢neoded to

proﬁﬁ)& 2490 nfcbjcfeﬁl'ﬁtrs i" ﬁ)%l" %0&%&@ Qa!re ﬁrﬁ&féh&e@dspat}—aﬂg Wllﬂ'ﬂp% tag to

proceSS|ng proceeds as describ I'n sectlon
magidrgaesiligneetotbhest erxare gissumring - blttae PR agg:forg,thiis alalpvesraereglon ID
f@ﬂkb bg6s. Although the tag may contain an orientation
° aturesto al | ow di sanbi guation of the four possible

ori er’lth@tdbtg rﬁ? rfﬁ% d%gelﬂitog%er tgé Qltel &éggﬁe(a th lﬂgt &%Hac‘poﬁnelr nélglllb%rs S0

al so possible
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.

Although the tag may contain an orientation feature to allow disambiguation of the
four possible orientations of the tag relative to the sensor, it is also possible to embed
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NPS065- SG 22 orientation data in the tag data. For
exanpl e, the four codewords can be arranged so that
each tag orientation contains one codeword pl aced at
that orientation, as shown in Figure 6d, where each
synbol is |labelled with the nunber of its codeword
(1-4) and the position of the synbol wthin the
codeword (A-0). Tag decodi ngg t hen consists of decoding
one codeword at each orientation. Each codeword can

either caontain single bjt indicating whether it is
origpfatiqn; datain ﬂtﬂ&e&%ﬂr gor melﬁothﬁ fqug C?%&P@aﬁm@ affangsd so that each

tagCRaMRGHcontails Sne ddRwbRARE ARRK Gﬁ&ﬁatﬁﬁsastsﬁ}ﬁvrﬂqm}eaaﬁ where
the data content of only one codeword I s

that if
cagheytbplaiy Iabelied ik horurmber G o eRdewerA d4) sndele pasition of the symbol
with@Ccad %Gdé’w‘br@ oA @) nTatg{‘&“ecgcﬁﬁg fHefl colitsd: OfT(E‘EOle gﬁc‘%démd at each

case if th e region I' S not expecte to
origtetifinn E@Phs@ﬂ@\k@d & eitleer cpriain andinglel big @Mh@g whethersit dr the first

co@®wort, 3t FRKEits 1W1E:It‘1'n£ which $hd<Noed RN, Xnd RRe 91%%@{1%50 rthee: advantage

containing the tag ID1s then desire
thas jify 82> theedatacrontentorf ondf onerredeverd iisgaweitsdi ten @tham'ig &so codewords

neéi tgvﬂeyde@éHQd 4 Sﬂhtﬁtt@é)héé:r S&zﬂa’: n%l?s %ge){: g% a CQ 1¥ ]th%rlﬁ%on }]% is not

ewor d I cCa nee
exﬁ:@teg@sghabgeewxﬂgn dw@@m@ ISI\IlhtIMOI‘FhB Aerpdait at\ﬁe ﬂtalr ofet sroke. Within a
str?lee ﬁ?gqentdgte?%ﬁ gﬂe][%%gl@ghee t %befgglrt]lé%llzlgmreg aliu?thex%n‘gl)re smce the rotation
of dmcienting devadeuchafgss shomlly hnd ptedivmblyeyitlins a strpky, @alyi gne codeword

typicah ﬁ&ﬁp#q% %%d%ﬁ’ &éCIt glyph, i.e. no bit value is

rep esen sence of a glyph. This ensures

: E:t gr i g) gs%l%togc!mé:‘%nse%rlﬁ\{e persggc?Qg Fa?tegsd%tﬁgqu%régéj Tc’nst%zluj l%Y\fon the
datp eqspﬁemamonebm§$etfmgnmrn¢eInethisecdasaambhwtbmqemﬂuw-blt value) is

rected f. anpl i
el SRSy PRSP bt el iEtep ool By s gbsgne of
glyph. rﬁﬂmd&surﬁmﬂlﬁt&hmdata gi’tﬂls B $epulatad, alhi?thfll_sﬁzdllbﬁ@ ﬂﬁLérM to be reliably
cti,on e overhe

de abl e, det of
e S SRR ATt e g GOy el giving data
sangptipk T dlloﬁ&ﬁ@ﬁtﬁﬁdﬂriéetd lﬁl‘c@&ﬂ‘éd e@h&a@f&ﬁﬁmﬁsﬁ B&fidn H%ﬁf—ker pattern,
ositioned a vari pints relative to gri
ameﬁnﬁﬁ fue ‘teorewg?%lgewo e éﬁ@ﬁtrelabg?p cHeiH %@r?a@rhead of such
matkief pREMB s sifhilldr ko 1E bveyiadhd %xbﬁﬁﬁ)eﬂﬁéﬂtﬁe &%Engh@ﬁyh scheme uses
scription, Anqto April 2000). 2.6 Ta Decod |ng
dots, P?Séf@)ﬂ%%mftogs PNt rejatiye deeﬂ'ae%tagepr%eﬂt gﬁ@r‘f&t glyphs and hence

differ@it fieltidfid ViReP@E: ARRSTBERANDey TRBE RSN, AW Qi1 bdognd t he
tag-rel ative pen location can be translated i nto an

absolute location wthin the tagged region, the
1.2.@catTagM4y the tag within the region nust be known.

Thi's ﬂe§oc9+gD§ rt]aﬁ Ilgz}{lltg 1:{ gge%’?%‘;}j])d% r%%i‘ﬁtein% ta -recfanl e Hgn transform,

each ta a tag a corre
Befouscthe tagriD anth @qta@rempe péalosatich agr wnranslatsdh mnmn xbsﬁu@ Uscation

w1tg1% ’theatggg@é‘ reglo thg D)%atlr(])%tor?ﬁl%?agp W1L[h111 fe re%&o%srr?ust be kngwn rIilhls. 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 netpage printer class

diagram.

A tag map reflects the scheme used to tile the surface region with tags, and this can

vary according to surface type. When multiple tagged regions share the same tiling scheme and
NPS065-SG



A tag map reflects the schene used to tile the surface
region with tags, and this can vary according to
surface type. Wien nultiple tagged regions share the
sanme tiling schenme and NPS065-SG 23 the sane tag
nunberi ng schene, they can al so share the sane tag
map. The tag map for a region nust be retrievable via
the region ID. Thus, given @B region ID a tag |ID and
a pen transform the tag map can be retrieved, the tag
ID can be translated into an absolute tag Iocat| on
the,am 45 nopkeringgrhsie, %‘%Icaf‘ﬁléo £l thefacity@emaen | ocat i on
can be added to the 9 | ocation to yield an absol ute
pen | Bedts Brp Wf‘ﬁ?gﬁmt‘ﬂ‘é pectgtrisable vip the Tagienyith § hise igpreasregion

ID,T¥ag O 8id I$eh tARIFERLC BreG af 60 RIS AR 18 1D 3h B8 BRdslated int
bot?] of which use thg EI‘T.gglfgﬁjgcst ruct ureé desis:grl bed earl s|ag=r e

anjapsoluty tag bsptingrithinthe regioas ad thedagtdntivg Pandpestien cpsds added to the

tag 1b@Ea4 {oQfeld hrf‘&ys&%'p&glocgtﬁg%ltﬂﬁltﬁékﬁ@ﬁiy di scussed. An
al ternat’ive codi ng schene uses "object-indicating"

tags. A location-indicating tag contains a tag ID
1.2 chrawsgﬁaﬁg},at ed through the tag map associ at ed

i ¢ i T AR S AU el 3o DIAE o of 5k RE the e
strygesme Ifbscaﬂdtbdarﬂler trhittis tsedgjioh.0Thd Ipmferted opidib Chchdie uses “location-

atJ 0 t he regi on Thi s | un .
ind Q@G B § e, e Poriaofr e Fhpisn: (it pgstine
tagtso a user interface elenent in the page description

associated with the region. Not only is the user
i nt er& ametioneihﬁmhg tfigt @alafns iaden I whizhl, w]hnﬂttraﬂslht@@ &ingﬁ the tag
rel at.i V% ttﬁ tge i nt, e]rface el enent Lde tiflied,
map SeRY PR R e 2R e T e oratign 2 s sl The t
relitive l@aﬁdmﬂf&h@ﬁenaﬂa&bs (7} tmseagommmtcmem theBcatid® BEth® perwithin
partl lar user te face ﬁ
thegfigh ! oL R ‘BT g& atjor %fghq RSOGAIREYS typ e ftgrface

elen@fnini the Pageaddd&fioh ﬁﬁ@f;fﬁt@@ Qvithth® T8 dn, Nt toﬁl? iPdLuser interface
descri tlon %isomated W th the region. t he tags

clegnty ¥l fuha lpalien relaiive e sheciser insiiee Plgmpntiis ydentlﬁed
Lo&éﬁ@nﬂﬁlﬁ:ﬁhﬂé‘tﬁ@sr thaeRrELhRIRP bupptR Kﬁm%tbeé}" Al absdhfe Péﬂ 5@ in the

and therefore  indistinguishabl j ect-indicating
zone 4 3 PRrHcHytuserinfgifase gle@etisypport the capture of an
absol ute en path. They do, however, support the

capt ueoRic-iadiceling trs Eonsine e HD Whishl dimgfiveidentifies a user interface

eleR@iftiih *clﬁ'})agescﬁ@@lﬂtlﬂng aJsB&ﬂé@@ﬁlYth@’f dgllttlw, s ih lﬂ% zone of the user
encountered t g requency ISP acement from one

intes fapg plewens é‘?ﬁﬂb@stﬁ? Pish intestaes elem@m m@hlmmﬁhﬁn allddentiked anchtherefore
mdh%ﬁnémmé OhRLe indicaiTetn gl detht, dliibArel Lgp?&'i tﬂeacgﬂt'ufé%f an absolute

schene, the tags function I n coopefation wt
perpndhy Theyt dol hpveyer buppett gheesaptaremf ami@wn etippayfe Sadongsie the position

sa¢@g§ Err@%?ége&e%mké tHe ndddfered tSBEQUERY, O URERG N &dln one

sampled pen position to the next within a stroke can be unambiguously determined.

With either tagging scheme, the tags function in cooperation with associated visual
elements on the netpage as user interactive elements in that a user can interact with the printed
page using an appropriate sensing device in order for tag data to be read by the sensing device

and for an appropriate response to be generated in the netpage system.
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page using an appropriate sensing device in order for
tag data to be read by the sensing device and for an
appropriate response to be generated in the netpage
system NPS065-SG 24 1.3 DOCUMENT AND PAGE
DESCRI PTI ONS A preferred enbodi nent of a docunent and
page description class diagramis shown in Figures 25
and 26. In the netpage syst#m a docunent is described
at three |evels. At the nost abstract |evel the
?ocu nt 836 ha%, erarchi cal structure whose
ern1 TUMANS AR LCEIESERETIONS oci ated with content
obj ect srem@d subdliment béx tocolnpmeind pagealkdcription dase Biagremds shown
1nP¥R@§ Djgegt s, etc. Once the docunent is printed on a
nt er mnth a partlcular page size and accordlng to a
8225' B2 i SRR I USRUE! PR 4 Fe most abstac
leVEUhﬂ'dttduadnﬂSéﬁ hasmaﬂ1era1elhmieundcalr8®509mtddnmahelem BLaaeusdeiated
S Do TP T S SR S onee
dotum‘em inatinted enepdisger vfilfhr 4 pagtécuBar bgge\shemei dcbﬁdﬁ@fﬁzﬁlﬁiﬁtlcular user’s
se #qcts re s%% e-rel ated. 3 %& inted i nsta Pce of i
stiRe Cisfer 0k gecumentls Beginged apd Bhervie doppitgeC grmatisg eimina
e!e&ieht@\&% illiin ©aptcdses e hizoenah w&h Rattrt ©Yjedts wWhaBire different from
th|nstance 83 Q be rec rded ) paratehénfro i nput
FapTLTEE PP JighCBERAn ding, el Beppet rticigEy whgie the content

objdés Qfd §yle@¢lated NEacPIpRiSRO Gﬁ’steﬁlf:e bha dBshendBd ha&d is also descrlbed
docynent description og‘ e page server, allows a

SRR D o1 S9PHHIe Atety mBATIow: PRSE (B 430 &t b gecorded

sefafateRCEAR inpbl Rp& R tBu QNN BBandEs oStAE Snfel pagd dEdHRtion. ThE
user nmay be requesting a copy through a printer with a

di f f emneptesfiReOf fit Afdst abktedct GocamBikt RescHPIMHEISBE Yage kbler allows a
presence of the formatted docunment description on the

“S% ByEskreery of 3 dewmenteviioyebeng Prsed fo aceentithy wgoe document’s

doffc F6iHaL The! RF mAE bd @ FeopPitduhlh Bfintf Wit SR
Spfornattaed docuﬁgﬁt 8%%m?%hsfg$s 1% aﬁégt o# forna?ﬁgé i7e,

for pxgarlgeSenverselyothe roeseneg (i thy formpiedrdasemeit sesgriptiongons e page
ser@ér aflwd e b2 sdrfdr i Hﬂlneﬁlyelﬁ'f@ﬂ)}é u8BactioFaGIh ga%ﬁﬁﬁe I)I%Qed page.

el ement has a spatial éxtent or zone 58 on page

Thi s defhies dm%.eapgamesns%eﬁaq& ggmauaa' gg@&ts&, ﬁ&‘{shj 8%h of

gperllnks and i nput fiel cument stan
which reppsistivo abia Sftoofafomﬂﬁﬁﬁqr@ulahdemﬁﬁm&fsfmh fqnne@dsqlm@t has a

spaBthl dtenB 6l zoﬂg 5P3G%hd ot LR me GARE pelements such as

corresponds to a pag€ description the or nat
hyrgdnlsmnstinpuEields. page i nst ance 830 descrlbes a S|ngle

uni que printed netpage 1, and records the page ID 50

of t H’edmmgﬁg@tanﬂe g@m’emn@me fprepattest dagmment §34. 3t consists of a

set Q@g 126!358%@%?1 Et)i{ VSIIHEh éo%Ep%ﬁ&%% Iﬁge gegpr:{ptigﬁ 5%¢f B3%Srmatted

document Each page instance 830 describes a single unique printed netpage 1, and records the
page ID 50 of the netpage. A page instance is not part of a document instance if it represents a

copy of a page requested in isolation.

A page instance consists of a set of terminal element instances 832. An element
instance only exists if it records instance-specific information. Thus, a hyperlink instance
exists for a hyperlink element because it records a transaction ID 55 which is specific to the

page instance, and a field instance exists for a field element because it records input specific to
NPS065-SG




A page instance consists of a set of termnal elenent
i nstances 832. An elenent instance only exists if it
records instance-specific information. Thus, a
hyperlink instance exists for a hyperlink el enent
because it records a transaction ID 55 which is
specific to the page instance, and a field instance
exists for a field el ement Because it records input
specific to NPS065-SG 25 the page instance. An
el ement instance does not exist, however, for static
thegPagfritifaaces ddpFlofRent {siepes dngs notaexysr IoMRer: (oF sttt elemgs puch as
tex@flowisat i ¢ el ement 843, a hyperlink el enent 844, a field
el ement 845 or a page server conmand el enent 846, as
show itdimiriaDbleerd Can Pe atsBhit CleRlcBMBNL 2 A3 lINCNR& 44, a field
style elenment 847 with an associ at ed styl e obj ect 854,
elegeptcBdf for g Rags vEneongmmd clgment $46. apshew it Higure £y A gatiesdement
849 RIEEd a @’elé?ﬁbnt ﬁﬁg@'ﬁﬁ L& %B&at&f'%yw db cﬁ§54a§ %&@ﬂéﬂ; Efment 848
i mge el enent aphi c el enen 50 Wit
withsorspoghaied sgxlesbm: olamt%éﬁ, @oimagey ek¢mer§0848|mﬁl @n @mcmted image
t V, ,
O A R h 80l Bl Bk 85 R B et
85B5uh aprasycigied |th€0 elip obiset F83annkudip elip leynent 852 with 9o msotiated

L
D000, 8 SR 45 L € haBO9E 3 SE on
Figueec$r d any dlgltal i nk captured on the page mhlch

does not apply to a specific input elenent. In the
pr ef &k pagd ifstanen fy hakiea bavkgmunddreld &33tvelg'clriapses tdrepagd any digital
inkE3301k 8h B i Mhi GG RAGS 1y L PHARREILA o 1 ags o

page t e trans nt o ons on the page.
1 4
et p%? e ciricons L iflidh, @aae%r?%r.‘ B, SFRAGAT P o page
insfaatgia gdow pagen thepage kebelitynslated péplecatieny @tthapagen servers
11, netpage |ID servers 12, netpage application
servers 13, netpage publication servers 14, and
1.4det pd@€ NFTPAGENETWORK connected via a network 19 such

as t hea prtefed einbodiBers ipakd ndl @K Eéhsidts of B isiBhe@ &R of netpage
istration server | | is a server_which records
Pa%ee‘l%’a’ﬁso]rf?s AFtRREC Segisiation sehwesy 1. nswage [hseryeret netpage application

serdddP | 3, GRiph QI ubBMoR S dr 84, |a9<[‘§et¥a%@ @nhﬂaﬁr@woﬁﬁ&@mm Z8Rtwork
vari ous_network activities aut henti cates users

19 sich asithe Interactpsshoyri i gigyrecky on behal f of aut henti cat ed
users_in application transactions. It also provides
handvff RS BEHEEPR STFETdd iy p Seryer Yhigfererdyrelatignships between

usefhS pesl ?ﬁﬁ*en@b Beati@nBICADERBHE a8 theRby ]achHHieE‘tv@;‘lcﬁé network
per si st ent ornatlon about page descriptions and

ac‘ﬁﬁ’ﬁé It Hpghenficages userhandfets ga g aisniag wiork on helialf @f authgnyicated users in
app ARG trfibachage 1S fkY @hovides handwriting recognition services if desired. As

described above, a netpage page server 10 maintains persistent information about page
descriptions and page instances. The netpage network includes any number of page servers,
each handling a subset of page instances. Since a page server also maintains user input values
for each page instance, clients such as netpage printers send hetpage input directly to the
appropriate page server. The page server interprets any such input relative to the description of

the corresponding page.

A netpage ID server 12 allocates document IDs 51 on demand, and provides load-
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each handling a subset of page instances. Since a page

server also maintains user input values for each page

i nstance, clients such as netpage printers send

net page i nput directly to the appropriate page

server. The page server interprets any such input

relative to the description of the corresponding

page. A netpage |D server 1% al |l ocates docunent |Ds 51

on demand, and provi des | oad- NPS065-SG 26 bal anci ng

of .page servers_ via its |ID allocation schene. A
balapdingy @25 PP a5 dR 2flpraliohichiiet Di stributed Nanme

System (DNS), or simlar, to. resalve a netpage page .

| D 50" PHPRECtBten dtefdhadnisrt Bistthyted Nagenypisnd PNSage Similar, to
resBRE ¥ @Etphanbd Y50 R the MvERRANGISHY HRIGPatd PakeReRr hhdling the

net page application server 13 is a server ich hosts
conrgpNdigrRgEnfi@ichage  appl i cations. A net page

publication server 14 is an application server which

publ i% HEPagk @pRlfationd xvate bt 45 toseey pulijeh hestntiatpactivehegipage
apPHcRidie S ﬁét?.%@ plilicBdntktved 1 198K hpfiRation sDRLRAIG RBLMEE Retpage

can be hosted on a variety of network server platforns
doqumsats tovgtrER BRRIPTe ey 26 Hesggbadpn/etsibiniSeetionPackar d, and

Sun. Ml tiple netpage servers can run concurrently on

a si NYyitReEn Gervers £y bg hgsied| g ejagety of etk gpen plaiferay from

maBY8SursNWeP &t 1814, HRMS-PacRdEand sl Mudipid Hﬁga & servers can ren
functionality ErOVIded_bY net page servers, a3 n

consarrently angr singhehastirhad inglei segver gandi dissibutnd @viiea pBnber of hosts.

Som€ bVAl oﬁﬁ@fuhaﬁnﬂﬁ}ggré)zﬁéaé l%{)rreiq%g% se?Je?‘s‘,)?] n Bﬁr‘ﬁ}fﬁlg'qﬁe functionality

directly in a netp e such as a netpage
prayided tbgrthe JIn servercang uhe pagaoeivst sen alg boprayided directly| in a netpage

. NETFR . L er
PRt e el T el iR, BESERR kB
net page system and prints netpage docunments on demand

1.2nd W@Mpﬁg‘gbﬁm@@. Each printer has a unique
printer 1D 62,. anﬂ IS conqecte to the netﬁ,g@ net wor k
o0

via dHEFRAFEIPTEITEACS ap ARPlRRReat Hed s registracd jetgpge system
and) pigvitél BapsbeCAUANAEH T O derNBAI dnd f Vi BAsElgfibA.t BacR PeinP G b tdique

_setﬁiﬁgs in non-vol atile nenory, the netp%ge printer
Pripferetl fotand dheannretethlp e melpagedistvak SiagyRetwark spglt asde Jnternet,

ideblBB¥ia 4 BrofdarEEdR&ttion.t he network is the conputer”.
Net pages function interactively across space and tine

W t h ApaR o6l Berftity dnld@ecuditySdeftinBd i @dn-PELRAGRMBAI B %&f)@lffrpﬁnter
10, |ndependentj¥ of particular netpage printers. e
needoh SEHAIP A PEBisEREIIRSs A8 (Wstra BEH nenpapd: dbe aaetlsis the

co dﬁu@em’ Qe € fuRHO ifahétRBlySSr NS packdandERHD WHAC HRERIp o the
_distributed in two parts: "the page |ayouts, and the
distributed netpage page servers 10, independently of particular netpage printers.

The netpage printer receives subscribed netpage documents from netpage
publication servers 14. Each document is distributed in two parts: the page layouts, and the
actual text and image objects which populate the pages. Because of personalization, page
layouts are typically specific to a particular subscriber and so are pointcast to the subscriber’s
printer via the appropriate page server. Text and image objects, on the other hand, are typically
shared with other subscribers, and so arc multicast to all subscribers’ printers and the

appropriate page servers.
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actual text and inmage objects which popul ate the
pages. Because of personalization, page |ayouts are
typically specific to a particular subscriber and so
are pointcast to the subscriber's printer via the
appropriate page server. Text and inmage objects, on
the other hand, are typically shared with other
subscribers, and so are nul®7cast to all subscribers’
printers and the appropriate page servers. NPS065- SG
27 The netpage publication server optimzes the
segneHiedeipase Bbliciben saver opignigesiihe seamentptisn of depymentpaptent into
offttlalts GRS liittiohlt n I ’

P o Ao e 'PORIAIR, & P pagp lavouts, the

Prifigr knogs gthich nm?tlcaﬁ@s if ang, tp lisferele. t 0. Once the printer has
recei ved the_conpl ete page |ayouts and objects that
def i rfénce il priftrs perseeivad threcqmrilete page layoutg and phjats thethigfine the

&&%H{E%%Epnﬂ}t;@,&%gﬁlﬁqher siElizes and prints odd and

even pages sinmult eous y on both sides of the sheet.

It ¢ Oﬂ{eeﬂnﬁﬁr gi'ét@hfe’é%@d ﬁiﬂt@&dd%ﬂgle G pg%@ ltLrga'g sé%grpl?oﬁp Qdes of

prl nt engi nes utilizi
they phjest. Jurcpeigios dwplexedr prmtu anginprovedkrsc 656{23 iwd prigf engies utilizing

A i zation of page descriptions,
hﬁgﬁ% Q%gﬁgg%ﬁ@gn&hﬁﬁﬁﬁggng of page |nages The raster
|nag o P onsi e nopre. .
St an i PR Fra'r s OF 150 2ot BA"s s "R of ose
desprlptmns emlg| enpansioorhd elihteresofqaps an'ctgeSDfThe urgsted rimpgeopre&sm $RIP)
co:szftytscc;}‘ oq?ép§nrr(ildre %l%aanll Al D?Eag 7% {'u%m ar? 'p%rﬁ le 'Flls'eh%uplaxecf?l print engine

SYnChY ORi 26 opera
coprollerts fveasils of oustdwe procéssdrs evhiph regand Rithet adepr[iﬂ)ipa@naiagﬁdn real

for i.nvi.sibl nt haye the.o t on to pr
te, Sa’s"’ha‘i“:'%%'& W“Ethea%gf&# o0 Bt Bt Reten i s
t t h f th )

e hdrlet el Raled o8RG MR rErhet B ain btial Plyisine IR
abiorpmne ibiaek Sln]bl z&thb@hpfhﬁsﬂfe@lﬁcﬁ&@@ﬁ to bihenywisr ﬁn};tﬁtak'dab of tthe page.
ass or na pa e inter prints
A 3PS G BPE ey e on b Bb i Raretaeel et gy are

stilp¢lasaEdetshetp@es.pr i Nt onto nore speci al i zed surfaces,
such as gl obes or sheets of plastics. Each printer

SUppO!( nemal neagd poRer §111Ht§ A6Dadey A, shaasl oﬁlil)B]BB?r E/ﬁ)reaﬁpemahzed
| east, Oneta tilin sche enceta

netRage prinigsmay P 1"9?}80 FReSPPSy 1Zﬁ4aﬁlffgief R eqnglaleeé &F ?hﬁ%@ Of Plastics.

Eadhg@intelr bippert S N@BFone 36Fdea byl ¥ A48 86ppbAs ANEAL ond t:%qghhg%‘&kme and
becones aSSOCIated with t docunment so that the

henge, agrfaame fos cpchiywrface{ypse The, raaéw 811 whichrdspesibestthe mggiling sgheme

act&dNggsel [Iﬂﬁl"t RAGEcuRlchNb&Jomkt ASRcidle@ ki Mthat Sob@dnt RO that the
e

printer-r at ed
document s tags can be correctly interpreted.

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

information maintained by a registration server 11 on the netpage network.

A preferred embodiment of the netpage printer is described in greater detail in

Section 6 below, with reference to Figures 11 to 16.

1.5.1 Memjet™ Printheads
The netpage system can operate using printers made with a wide range of digital
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informati on maintained by a registration server | | on
t he net page network. A preferred enbodi nent of the
net page printer is described in greater detail in
Section 6 below, with reference to Figures | | to 16.
1.5.1 Mem et Tm Pri nt heads The net page system can
operate using printers made with a w de range of
di gital NPS065-SG 28 prin28 ng technol ogi es,
including thermal inkjet, piezoelectric inkjet, |aser
el .ectropho] ographic and ot hers. However, for w de )
prigiingsigrhaplogies daludingdhermal kjely aiszqelesiris el lager plsetpapheiographic,
and &k StoRRYE for Wik doRbunRYhdEpiaRar iRk deYi#aBle ISR a netpage printer have
phot ogr aphi c _clual ity color printing high quality text
thefpllowipmefarictsristicsl i ability |ow printer cost |ow ink
cost | ow paper cost sinple operation nearly silent
pri nt'i ng Pheipgaphig quatitywglospréd@e si mul t aneous doubl e
sided printing conpact formfactor |ow power
consUnpt ilégh QN%%E??‘HEWG'P& commerci al ly avail abl e
printing technology has all of these characteristics.
To erfabl &ighregdshidisi on of printers with these
characteristics, the present applicant has invented a
new pri ntow pEHeiePEgy, referred to as Menjefrm
technol ogy. Memjefrmis a drop-on- demand inkj et
t echrtol ongmha@sti ncor por at es pagew dth print heads
fabricated using mcroel ectronechani cal systens
(NMVB) t éompapRiowgyt. Fi gure 17 shows a single printing
el ement 300 of a Menmjetrm printhead. The netpage
wal | pri nsiemld eperstipior at es 168960 printing el enents 300
to forma 1600 dpi pagew dth duplex printer. This
printer seamlylsilentpoatgigy prints cyan, magenta, yellow,
bl ack, and infrared inks as well as paper conditioner
and i°nk higkatinting speed

. simultaneous double sided printing
. compact form factor
. 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-
demand inkjet technology that incorporates pagewidth printheads fabricated using
microelectromechanical systems (MEMS) technology. Figure 17 shows a single printing
element 300 of a Memjet™ printhead. The netpage wallprinter incorporates 168960 printing
elements 300 to form a 1600 dpi pagewidth duplex printer. This printer simultaneously prints

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

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

CMOS logic, data transfer, timing, and drive circuits (not shown).
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The printing element 3 00 is approximately | 10

mcrons long by 3 2 mcrons wide. Arrays of these

printing elements are formed on a silicon substrate

301 that incorporates CMOS |logic, data transfer

timng, and drive circuits (not shown). NPS065-SG 29

Maj or el enents of the printing elenment 300 are the

nozzl e 302, the nozzle ri m303, the nozzle chanber

304, the fluidic seal 305, the ink channel rim 306,

the lever arm 307, the, active actuator beam pair 308,

the pHaier emeits efaboprnfivg slepii 308k the RerzleciOpyie nozzle rim 303,
theBdzH@ CRIMIRN S0 he R1idiO seal B65, BRI YBnAL A4 (RIGRPEm 307, the

311, and the ink inl et 312. The active actuator beam
actiye;qetuaigpbsam pAUCHEnthe RRssiye jaemateicben naifS0Phe pajige actuator anchor

318Gh{RAENe acREBMMRAL318Q8d Be iliGlet P 319. Both beans
pairs are anchored at their respective anchor points

3 10 BRticadel acthlinf HEQHQJ&H afok QN nféf:haﬁicﬁgﬁﬁﬁn%d 308 ];)Ags?ve actuator
310, 311, and 319 forma cantilevere el ectrot'her nal
beas pair 39t hegpin339 Both brame paigs asaswhorad afrtheil regpsptive@hichenpoints
318L4EAY110 fil"h«p Eélmlﬁe{ﬁgn %i: @1%91&§ 3?80(309,' N g,l j{(ﬂ AoGhAP 7 cantilevered
section 315 of printing el ement 300. e Cross
cleglaathdrpl @n@aqﬂgtogﬂ%@m wi thout ink, to clearly show the
ink inlet 312 that Fasses t hrough the silicon wafer
301. Hgugeteshorspapall pg( bf) ancamdy eOprinting kiswenth 30& prshudingragpross
sec‘t"%‘f' b FS S’If a &1%% 'éie 13&@05 rTH?:tér&g sec%!n? E‘F{‘fs ﬁ WEﬁO(rarlg Lniigtgucéeariy

é shows ui escent position of
shay §e pikiinet 318 t‘prPanSﬂgOUgarﬁhq stlicodmofst 821. I nk is retained
in the nozzl e chanber by surface tension at the ink
meni Jegnses3itga), AMY) and 1He) showi e opyetiiy GOB of r Menjet™ printing
ehggﬁﬂﬁgn the nozzl e chanber 304 and the ink channel rim
Vhile printing, the printhead CMOS C|rCU|try

di str I, | ler to.
the. o BoRBb s e AMlepdfe Ak B oPAY LpgBRLE 1D o incing
an fnlsfdfaples. Inhis refained in thechozalechamber berl serf:tqe ohsion 3(lBe mk mtehiseus 316
t] t.uat air 308 a S . .
andfihd B 42 95 SRRt 2 R BR R a i et rim
306.or about one n1crosecond, resultlng in Joul e heating.
The tenperature increase resulting fromJoule heating
caus é&hiterminb'&g mhqqainthe&DSMOS cBDcpmlydhstﬂ’&ﬁltets lieta fpasihe pent engine

c t beam g t t ed

con'?tlroherat (H;er (éosfﬁef:tt antmg E:éne aéc?- s %lnl %]atg,r%rﬁl ftd 55 etﬁm@%:h t0[ ﬁréve the
elettmdetbk}aimfphﬂ active ﬁ'd‘luzﬁorsliemﬁﬁlr adD8.fehiscsa0es s eparitdl @lrgnt to pass

re d by th ntil evered.end tﬂe . .
abEE O SEME i Fse kel oo P pEn i Sdpis hesiie. The
tenfpeaBire’ Mti@asd Qdsultihp €romelogle hadting IQGes the BEBNDAiS3A8Rb Sxpand. As the

anenent to the QZZ|% (ﬁnber 304. IF szle chanber
pasgiye achuator ge%am \Iiynot heated, 1t does not expand, resu tmg in a stress difference
between the two beam pairs. This stress difference is partially resolved by the cantilevered end
of the electrothermal bend actuator 320 bending towards the substrate 301. The lever arm 307
transmits this movement to the nozzle chamber 304. The nozzle chamber 304 moves about two
microns to the position shown in Figure 19(b). This increases the ink pressure, forcing ink 321
out of the nozzle 302, and causing the ink meniscus 316 to bulge. The nozzle rim 303 prevents

the ink meniscus 316 from spreading across the surface of the nozzle chamber 304.

As the temperature of the beam pairs 308 and 309 equalizes, the actuator 320 returns
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mcrons to the position shown in Figure 19(b). This
i ncreases the ink pressure, forcing ink 321 out of
the nozzl e 302, and causing the ink nmeniscus 316 to
bul ge. The nozzle rim 303 prevents the ink neniscus
316 from spreadi ng across the surface of the nozzle
chanber 304. As the tenperature of the beam pairs 308
and 309 equalizes, the actu#tor 320 returns NPS065-SG
30 toits original position. This aids in the
reak-off of the ink droplet 317 fromthe ink 321 in
to Fh@ D D o0 Hol e ™ AT T OA e Tk GOPISt ST th ek 331 i the
noRZ ZafRb&NA WA §nSF 1{;@3 1ol £ b Yo REhAGDdr Wreffled ﬂ%&he action of the
surface tension at_the meniscus 3 16. Fi gure shows
surface fegpigh et tg mepissps Hbhead 350. In a netpage printer,
t he Iength of the printhead is the full width of the
paperFIgHr A} ehoms ¢ seamsnigfya ninthesk i Inaiciefrgge mimter, tip length of the
prifBEHIES the A1 VAL b?thgp e%ﬂn@eﬂ A1aheMtin Qhez&ll?egéonaﬁl The segment
conpl ete printhead). prlntlng, p I'S
shavgy - asn lanaelahquy 83%pef ﬁpﬁl@deteummthn@l)drhﬁ@wnmgagﬁ paper is

moq;&?p£f D 1nﬁf3§d ﬁ thOWRcRdn jSQt ﬁ{eqirﬁmeg& l%g 6 rQ\H &tﬂtglqultated

el enents 30 printing the six col'ors or types

prigtifjgsldmegts BQO,tpnetmgﬁke $ix paders ogtypes of nksnpplied by thiénkfinletgB 12
surface of the printhead during operation, a nozzle
guar diajetest thedmgile sprfaeq efdhrertinthsad gusingoperatinmaginozzle guard wafer

33 ﬁ%&%ﬁ %o ﬁglprmﬁl%d Qtt:htep E Q% ﬁﬂf&rﬁZ tier& is a cqrresponding
corre nai ng nozz € guar § thr eh (11 Ih
ﬂomgl@viglml%ﬁ%l through whish theTigk proelﬁésrﬁre fired. o plzsl\@t glmmdzle guard

ho%%?gl? ﬁg&bbe{c[)ﬁ[ﬁ?:a[ff&cﬂgﬂ 39 gl ée?%%g gyot@e@pc%hni fﬁﬁf:e? Al i is. prumped

ebris, tere rou
thrpyghdhesai3BRts3Ad anligut of the h@z}e@z\zrki éolgu@mhglpnhtmg ﬁmpnevngpt ink 321

froglrdrﬂfaé i noIﬁ? %I&Je seialed Vﬁlllg 31% prl{l{ero i 1(% ying, the nozzle

gua i'S sca idle. 1.6 The
tp ¥ ctive sensing deV|ce of the netpage
é??stgﬁﬁléﬁp?%?ggﬁly a pen 10 1, which, using its
enbeddedctos rsensbllgldevicelca"cthe negpagbbystetnas G@EhLly epemnml,d\emdd esmg
sor.

o Bl L0198 1 BoBRE5aY o RS SR Ll o

1m@p pemp:r rrae enégelsenabr ism sopiéstatetdegied ionideditvith Ah yipproprlate filter to

d wav ths. descri hed 1 n nor
pefii iR ABOTIE ERRTE i sleris <R GEreTRE ™ REe fefa Sy the
systBﬁﬂlts ablb toehiv wiea tisuib BAe contdedwith eheRexface Sand et & sHRNS Cense

C|en rate to .capture n handmwltln
tasg %5 i B 4 PP bugmanp Ve 6 A0 G o Bty 100 B or
faster)f Imlt‘dfﬁhhﬁdhrbaﬁﬁ&ﬂlb&&h’e B i BRnPeA and \x@l@[éﬁs)f)pfrﬁﬂmﬁ@-d to the printer
elessl transmited to the %{ ﬁ
(Orvge%ﬁ U YheRuinisF Phb3sF SafonBEEPring o et mt& F?fP@E fhige Crewn)
pagdab@ lrv\&Hngréméﬂe&ﬁboHﬂnehh 1Qrahd0HIAME Jthe RAGRtiN to d Retfal® server for
preferred enbodi nent, transmtting the infornmation to
‘m%WW@Pﬁhge server for interpretation.

The preferred embodiment of the netpage pen operates both as a marking ink pen

and as a non-marking stylus. The marking aspect, however, is not necessary for using the
netpage system as a browsing system, such as when it is used as an Internet interface. Each
netpage pen is registered with the netpage system and has a unique pen ID 61. Figure 23 shows
the netpage pen class diagram, reﬂécting pen-related information maintained by a registration

server 11 on the netpage network.
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The preferred enbodi nent of the netpage pen operates

both as a marking ink pen and as a non-nmarKki ng

stylus. The nmarking aspect, however, is not necessary

for using the netpage systemas a browsing system

such as when it is used as an Internet interface. Each
net page pen is registered wth the netpage system and

has a unique pen ID 6 1. Figlure 23 shows the netpage

pen cl ass diagram reflecting pen-related informtion
mai nt ai ned by a registration server | | on the

net patjBeheithgbpib. is Npapéast with 3netnpgre khecpanirlstermings jt posifion and

oriEAMAGEIatVelth thR pRRL PROSH isth&heeR L6l Eé'ﬁ's&e%d'tﬁesforce on the nib is
position and orientation relative to the page The ni b

intprgreipduglatiedo ¢ greshold e mdisata setheraheipentie ups ot own” {16 alows a
I e

mtllélﬁaivg glteren'exii}mtogtﬂ?]&repﬁgiggeﬁe péel%k%d; By Lx%ssﬂlg vh{hgﬁaﬁépqnt{rﬁl order to request,

sayg linferfrstion frpmtacteteark: \/Felrtéeremthecfnrcc frecapiartyd as @ chmtinuous value to

allov@l §a§; K rulP % Fn‘?ésdf NGsi a{upe t hﬁe Pe?i@ie@' 'Hw \Llp nﬁgz q)% rmf}vgble when

uest, sa forma rom a
SUW tharspeniied th@ thh: & glsat@‘atﬂmm that] nemﬂalzly cappite'd rwheu gvriting, To
w V.3 1.0 f gnat
cl%{:g E—% l%grr?p?!lées da%oﬁgs}ﬂ%f%ckgﬁtgyﬂ%\,e tﬁ%@l%g? S ma \1;%1% I1%»r0v1 e ore Lsfrable
feedinch tostheusef taupafed tethatyhnovddediby agpeabeing hiban t hat
normal |y applied when witing. To "click" the user
appl i'és pen fdatermanes thefpbsiﬁicermld pdentatipe of tienib biDthe Tibtpagerbg ymaging,
in ?%’olt{{ﬁ%?d g&gt\?/ur%: | 7 4 n%f];] tﬁﬁ%\%%cllﬁ é) v1tch gt%: mgnip%ecoges the
neaglest eag“riamﬂesommmespmslnosmm afi dheombemaaw N tlﬁ:f tagt fonmitle observed
Perg e%tngeecggar% léhe F])Ig eg%}g ainﬁght he | %]%gn?e(rglgfdotf ep(r:?}] [gptrg gphough
thedﬁs:nde&smlhmon afefar tes tay B@lo&n Heoﬁﬁ)sﬂ'pltét tes dé:nbﬁy @ﬁ&b phgris Dilversely
the nib relati veto t ta e
proafiofhl i 6% B £ 1 it "o g iof 35 b cosnding the
mig@aneésolutiod retlhiﬁadﬁ‘&lfhc&ﬂ&tb GsndwhtihhRtghitiohhe position
resolution of the tag may be | ow, because the tag
d ensibey a@ion REPEGE HefhabdWeEHalrad asplsaRBof itRed. Ats@oltd®@nsists
¢ si ze, the adjusted ﬁ$5|t| n resolutlon IS quite
of f F%’He“‘”@ RL SEGHEPEhBen B & Sp8u MBS WPty gvent and

corslexcd BY fhe RatiReMehtt JeRgp LRHO PNEdIKO B alsB&Qgg@d? hitR AR ﬂagé B 5(/6F the
are captured as, a serles of strokes.

to a ag A
netpage oK “E%iﬁstﬁ%tpége oP " changes, which wpder ingpmal tciippetiansesy is at the

corPB&icthan st @ sthdke. page;, initiated by a pen-down event
and conpleted by the subsequent pen-up event. A

St r obRcH Sethys Perd 1RQ g%ﬁ'ﬂ'éﬂt tdlectibe SM%clanaﬁthq{ aihhﬁng the user to
Det page whenever the e | D changes, which, under

PerfﬂﬁliﬂrfaPY and Rt eoPERtiRns © & heyfelicfign IScHopARHTRSHSH AIGST thetqastem (o

dis&kd AKeer E}ad‘elﬁn&? tina %rl&le Ly 3e%rr@nt CfebfIAL de§<§lb@§ bl r@éicni3 8B a page
associated with i t, | ow ng lie user per orm

insiapsisy It £Aepiginaft the w@rra%epb@glwéw strvhfec@enr@ctbm@gh the pen relative to
the b OBrcuh @ TREAr 1@ pald. Vs fiGpa¥a i€ M Lflication-specific manner once it is

submitted to an application via a selection hyperlink activation.

Each pen has a current nib 824. This is the nib last notified by the pen to the system.
In the case of the default netpage pen described above, either the marking ink nib or the non-
marking stylus nib is current. Each pen also has a current nib style 825. This is the nib style

last associated with the pen by an application, e.g. in response to the user selecting a color
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discard it after a defined tine period. The cur-rent
sel ection describes a region of a page instance. It
consi sts of the nost recent digital ink stroke
captured through the pen relative to the background
area of the page. It is interpreted in an
application-specific manner once it is submtted to
an application via a sel ect$bn hyperlink activation.
Each pen has a current nib 824. This is the nib | ast

notifi t en to . the system _In the case of the
£ aelefe A6y g BEueils BB nbbesistel vl hertgent uib. Sirokes
caprared | tﬂ@)ugﬂ’ﬂﬁ Bélb af¥ tdgB& W@A- theBdukeMInBt 1@5 WHeQ ﬂh@ strokes are

current pen al so has a current ni tyle 8
S“blsﬁ‘ﬂ“:?“‘il%"e{"’ﬁ “°ﬁ116 *‘éfta{ﬂ rgprofluged inghepik F‘éﬂeéﬁﬁw}tl% ttW@r?J@ggeBy
an application, e. in response to the user selecting

a col eﬂﬁKﬁﬁéb%Bense“é@n PRESTAL S RERfeE il Whitheit gaar epmmunieats, the

peS §IYWE flashek RE“dhliReStRD. @V}%‘ﬁ%%eﬁtfaﬁg td/\ﬂetcbdetmo%faﬁ{g to the page,
ni b. Strokes captured t hr ou a pen are tag

it rpofReniAgily astivairs i “sror" d-EDANGen fivepca syaskass lraéeéodg g a stroke relative

toﬁlaE&g%qiﬁ%tlkmaﬁ@%%ﬁs&ﬁ@fokﬁ Pep. are reproduced in the
nib style with which they are tagged. \Wenever the pen

IS WA Riledc@ B Ratire@ k8K isCrlefofed X@ngﬁal'ngk ‘i"ﬁ%]tal ink f s the
conmuni cate, the pen slowy flashes I'ts

basign o theedigish Pghange of dresagre and Jendsiciing.efoat anfige trecﬂgheon of

haﬂlﬁ@@ing, ahd fOFBRRRLBAfida¥oPGlihRlRS 1ts "error” LED. Vhen
the pen succeeds in decoding a stroke relative to the

page, ThelpeMRBRIARE bddVrAGhHVAEES iridtS theHipaker
seq uenctgeof captured st roS eél [ é rte% gr rt tolngdsAvg"aShortfange

radhap k. Bheyirangmitied digitalrinds isteneryptpdiir grifasy anhesodity madawacket:zed for
fRGNRNSRisQbn, @ﬁﬁ%i%%s AR % él&) fe{?&lt tdf ﬁ%ﬁur@ BllmL.Igl fandling in the

recognition of writing,

pPriggex: | f i cation of signatures. The pen is wrel ess and
transmts digital ink to the netpage printer via a
shor tWhearibee pery ia @irioof] range. of Thpeinter &rbuffers degitaldinkyiirt mterriah knemory,

wh Cﬁ hgg]g K ?@C?}g OE 9\[@1‘ PJHI ﬁ{ﬂﬁ%s gngﬂgﬁlfOldlg Iglslia/dlw\?\;glg% R?ﬁ thl éee[bﬁ once

nt transm ssi on
aga@z1 préhm urgnge\saé atprinter, dnsansterst dngrbuiferad digitiinigk. i The tbaffer may provide

ngﬁ??£§BMT| ﬁ?mﬁpe pen is out of range of a printer it

ers ink in |nternal menory, which has a

capa utes nt.i nuo
han d\?\)}r Pé(r} QJH Qi/\%gls{efﬁg pen }i S or(i: ¢ 89 PSS, o i Berruse plksigte data
residés ia noipages épth antpaperand fnethe natworky f i mr@diy akingitdrial whidk printer a

re or |ess buffer capacity.
penApgonerJmc%ﬁ tht 8ar§cadar g any nunmber of printers,

but sta ata. resides in

on pgi ?i%izr%ddg%br? dihe netE S 968 rlbe§ R g?ﬁgl ‘%g%ﬁlhg‘t"é‘?‘? glbelow
withvreferéncptd Figwees &to 1pen i s comuni cating with at any

particul ar tinmne.

1.7 NETPAGE INTERACTION

The netpage printer 601 receives data relating to a stroke from the pen 101 when the
pen is used to interact with a netpage 1. The coded data 3 of the tags 4 is read by the pen when
it is used to execute a movement, such as a stroke. The data allows the identity of the particular
page and associated interactive element to be determined and an indication of the relative

positioning of the pen relative to the page to be obtained. The indicating data is transmitted to
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A preferred enbodi nent of the pen is described in
greater detail in Section 6 below, wth reference to
Figures 8 to 10. 1.7 NETPAGE | NTERACTI ON The net page
printer 601 receives data relating to a stroke from
the pen 10 1 when the pen is used to interact with a
netpage 1. The coded data 3 of the tags 4 is read by
the pen when it is used to33execute a novenent, such
as a stroke. The data allows the identity of the

particul ar A page and associated interactive elenent to
theppringrss whete Welgsavrs wa thenBNEathe dreofD SRef the Hiokg énto the network
dRES lof iRk d BfveP e whieh fainVenstife ddResRABRS bake Afitance 830. It
" obt ai n_ed.ﬁ%?g;algndi cat| ‘rq{g data 1S transm tte_%lf’:%g .ance _
theNmQDBELSIE gooke i) ghenapnsasyer. Mither age vay eoseritly ddentifipd int gpeearlier

Sthet e PPARE mbPaldP havefe Shdt : ELPRE 5, its cache.
Stra dr gss 5?1 t Egl ﬁgt pagea%gg%%deég%gﬁhgggwa?gnﬁpﬁt Izljﬁ ns e
Eaghheetpage cessiitneli - gompagiepaga dayantceaig@iied Ipersistehidsnby a netpage page
' t e erv.er |

serb TRy TR oA 1 et RSB RPL Rger op Uy RS of cox,
typidaly gotied tleewheeyonahe eguyge idwerkt he address of the

rel evant page server in its cache. Each netpage

consihen ke pegeorperc tecpagethe ayoke fivmi Hieapenedt retrieves the page

S | b pa e. server. (see.hel o -

de#ﬁét?ogicé gﬂfcg¥}6eu ro?ee E;Elgs, ?rgd cgege?rgk &3 wslﬁcﬁlea gn iorf;gné: é’él\,/@ description
thef stiokes indamgbeipi B ae thewfable éx finterptey hicstrbkey insthe ceadext lo§ éwhtgpecof the
relovgmte??nepl t page network. \Wen the page server receives

TRe ST10ke from the pen, it retrieves the page

descrj pt,i.gn. t.o whi ch .t he straoke. lies,. and

dot or  SHEE” iPeiblt R v BHECrRERE 5T P esy e g down
positiomaié thestlgseqest en up positBntahavtialedsehdnGoing redlph@timiéheAn object

stroke in.the.conte of .the type, of .the relevant
whEh B b ERRP By Byt Sphe PEoSiesiols ol R  oneer
strakie 94 Bnared. ame fiilureoflagien@etion] sueh pen “dapn” clplSto trégidlerd ihdicated

h uhsequen n up, posi.tion are both |less thap.so
by itk SRR B S000 M. Qe terdhers Slepeh e dc: 2 button
a “ClidkC karl hericgigtedel whe]bbth @ f@n @bive knd Fenli [Eitibiadre€ Hoth 3RMin the

acg&rgingly, a longer stroke is ignored. The failure
aregpl ge action, such as a "sloppy" click, to register

is indicated by the |ack of response fromthe pen's

" ok" T%@B.ar%v&s of i emeidp pALEAgC PR AFELIPHOR (Jpestinks and
form fi€ld. Okput GRIBUEE af REh Fie®l 66h WBS iRt thd AeivRRn SOX afbslated

pen up positions are both within the area of the
hyRstinkon. There are two kinds of input elements in a

net page page description: hyperlinks and formfields.

1__,I pus th@ﬁ“%? a formfield can also trigger the

act i an associ ated hyperlink.
A hyperlink is a means of sending a message to a remote application, and typically

elicits a printed response in the netpage system.

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

appears in the user’s history. The hyperlink ¢lement class diagram is shown in Figure 29.

When a hyperlink is activated, the page server sends a request to an application
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1.7.1 Hyperlinks A hyperlink is a neans of sending a
nessage to a renote application, and typically
elicits a printed response in the netpage system A
hyperlink el ement 844 identifies the application 71
whi ch handl es activation of the hyperlink, a link ID
54 which identifies the hyperlink to the application,
an "alias required" flag wht ch asks the systemto
i nclude the user's application alias ID 65 in the

erlin tlvatlon and a description which is used
Rﬂ% 3 b ey By arkn i, SPpHigalion o Wenied tyaiomplieatign 1D 64, and the

apFIRRER 1D ik ResblN&l 1H$l%rnoi51n£1|vﬁiwfiaythe iﬁhs h%peearle ke §heB Iaeﬂ;tpeﬂmks
S dlagran1|s shown in Fi VWhen a hyperli

|
eercgal hyeer ke 46 ?rﬁéwls%rgék%séw@g S%leﬁﬁla@, hyperlae 86t 24 Bog n Figure

30 30 Rbref h{RRAink NESR R uémpmeg d%nfeﬁeoﬂﬁéﬁ’@ﬁ signal a
The application is |dent|? by an l'ication | %

prefgence mea SexYA! 4 deri hyperipk suépmrlté ] oogespp inghferm é)rthahpnhaa,non A
sel¥dtRn t@ﬁer%ubm?rﬂ?e &rfent Qie%ﬁoﬂ bﬁp@é aB[gthtYdﬁe iifl 4,8 lEgrrent selection

gener a erlinks 863, form hyperlinks 86
CO@@P-‘éétS!“éH’ vncyﬁ@relw aktexgda, exa@plghmpplwamrgmme ret@0.a shgle-page

do8faltaf é‘ik/mE Xlﬂ:%!)rﬂ@iﬂné%ﬁiﬂlg 'vsmﬂtnetﬂs @&nt&t rlr? Pi%ﬁ’ tlt %Jgéarsa 01' h %Sﬁaﬂon

docunent, or may s gnal a eren
intg e differenpy lﬁrkgldﬁaehﬁp@r hymklmkuﬁm tiss chah@tqmpd &3 poimd| lnfgyrmatlon is

sulInq m&%etaﬁghﬁﬁ&l ication. A selection hyperlink

nlts t current selection to the application. If

t he cgl%s rrgchtfp&ﬂnk &9@+c@'8@§ re%or%lb lejagsa ogqupSIS%?ch can be

text, for ex e application may
spesifigp eheprage msfdm@meﬂnchgthv hyrgriink ensmmarspeam éiinﬁ m@nmttdm IB can
[ [ r Lanstation .
1de§1h1$r &sgp%]a%%ﬁ erdétr&llml %E ga ghc%ﬂﬁ’% eﬁﬁndoéefla s 1n calrt of pending
purchyssesarodinmingdhbl Hyurckiasing apphcatmbm behalf f the ueni t ted to the
appl i cation. The correspondi ng hyperlink instance 862
recoride systemamsladdsi tha peﬂ’ssalrwhi cdlectian 826 inspeeledtion Hyperlink

act}va&‘orp afﬂg sI néc’ntl %Q:?uedes H}e con 1|t11td)fh tﬁe Igglsgggét%% ?k | ngigl%e CB%S in a form

cah
hyptsleﬂc—zspemm [ ad:thd@,h af the hyjmeluﬂqdmb Iits &bubatit, deftar ateibarEee oflly input

sing NG RRLg SBimirt Rt PEASSH The Rl B dosd (e s P n

hnswﬁkammmﬁmhudes the pen's current selection 826 in a
sel ection hyperlink activation. The system i ncl udes

t he cohgperinkaf groupescadsogioap eldmémgas iwﬂii:h haca B&Biated hiperlink,
t he hyperlink

rm. hyperljn ctivation u y
os 1R o RSl (G ot ocpins b B el g S exotp, the
hy@rmam hs@sdci%&ﬂf\fnﬂf the Sgeduipi @&bmwdﬁ Al K}@Eﬂhﬂﬁdﬂ a_ﬁiﬁclzﬁwiet @& to
n ectiyve r at 1N eriin
assg%ett? P(?I‘B]ﬂ% be V}W ldlél:hl iarfielcg Sb‘iho'ﬁ‘fp ag@ec]ﬁ%gx alt g.“aa Lp&,so be used, in
corPhRARMNWItIB B8 “Wbinfit eR@Sat@ibu B @ Soraf I8P eS bloBe continuous input

to an application. It can therefore be used to support a “blackboard” interaction model, i.e.

where input is captured and therefore shared as soon as it occurs.

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

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

parameters to an application software program running on a server.
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as shown in Figure 3 1. Wen input occurs through any
field elenent. in the group, the hyperlink 844

associated with the group is activated. A hyperlinked
group can be used to associate hyperlink behavior

with a field such as a checkbox. It can al so be used,

in conjunction with the "submt delta"” attribute of a
form hyperlink, to provide ¥ontinuous input to an
application. It can therefore be used to support a

"bl ackhoard" interaction nodel, i.e. where input is )
capt Ut EIMRad i herpur deraent B ia dhedocwnent higgarghy . Ippltimatgly contains

a sbt JIF trntifd] TRIe1ERNE $59f IANGfn Frstald SRt epBseRE o fHlndliGHstance of a
|nﬁut fields used to capture a related set of inputs

forpn HtdRedtlenm gt oF fipld instappes §7 @ uhisk eorergeand tathe dield ciameiag4 3 of the
fordS Eﬁqhtf@ehf 10Fhde KA S %Eoc@é@vahﬂ%@,%o@é %p& Hepfdflds on the type of the

application software programrunning on a server. °
congeBpEBizdEihgemet f Eachnliglg valug reporghs dupyt Brangh atpagigslat printdseform

insEACL! TE A rob¥hen@ bF Lih | ' in Fi
38 o SR s TR S I et o o i
32represents a printed instance of a form It includes

a set of field instances 870 which correspond to the

fi el dFach doreninstaig4Shaph Sdtes SRowlnch Edichtef wdbiter the tfemcis active,

S -ASS0Gi . val ; ) n
oA 350 B BTy GRS B PRSP R o
onaeait isesigned ok dgmi eperbestshbmitiethorzee pae bf tududmission hyeedinke has been
actlrrﬁt%&,%?egs thl h erléﬁrh%‘ A0« Q083 Alie Gk LpLEH, n%tecpa € Soid when

e formecla bagram1s shown Tk gure 32  EReH
thef wwpminivoist anoel foas, @se tfatusr @ipAcahforin pagd coatad. Ahfetnh expires

the formis agtive frozen upm tted..-VvQid. Or ..
b e T bt 4 e G55 e R Bl e e fom
is dogre e ifipud Bealowed dgput thrdugh s f@mathichAs hatraptiveds s captured in

ulm tt e of its subm ssi.on hyperlinks has
theehroniyE i 35 £ MG et easdRTe MR BER b eS8 o Bfep. fom
suttiedsionis alldweld bAiyeat®aipt toAubit MfraCOREShy/ ford isMAR Activie e frozen is
i.nvokes . a id form reset formor duplicate form

.user av
rej??éegea"éd’?mﬁ81.1"155\3?%%‘5@6?90@3 when the tine the form

has n.active exceeds the forps_specified |jfetine.,
O | A ES abHes & Dot RepnRd (oh SOvitany gy dsgfonces Gerived
frohif Whustphévadigia Rerkioh Misioh. QRisi HoWOhIl B&tlthe RickiSvekstinl Fakorm in a
round field 833 of the rel evant

captured in he back
paryy @*Wﬁ@?ﬁﬂ%@.e@ﬁgﬁk9%8mﬁﬁ?ﬂﬁWs active or frozen, form
subm ssion is all owed. attempt to submt a form
when Aﬁﬁ‘ép‘r‘d? APpuged Plgé‘&ﬁ%é) ‘6‘?‘3 mﬁ)‘éﬂ é onsists of gjsefof ipe-stamped
strk8 @rdupS$ Baghck bf WhitBcadsibo b Sk ot dhled DRRYsIS75. EAGHstoRE BBnsists of
instance I1s preferably associated (at 59) wth_ any )
a st fimerstampad aen Wé’r“i"%é%’ fach pf hich @ E]é“‘y!)‘fd)éilp%‘i Gggnigtion and nib

fordk2TRd ABitdD inklcREY diaghkth & BbWPWEFighd 30Ut the | at est
version of a formin a

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

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

true value to be assigned to the field’s value.
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particular tinme period to be excluded froma search.
Al input is captured as digital ink. Dgital ink 873
consists of a set of tine-stanped stroke groups 874,
each of which consists of a set of styled strokes 875.
Each stroke consists of a set of tine-stanped pen
positions 876, each of mhlch al so i ncludes pen
orientation and nib force.3%he digital ink class
diagran1is shomn in Figure 33. Afield elenent 845 can

be a text,field 878 awi ng ., ..
£+ ot ot g0 B dfocffiipd i sayome fiokietteh Aty Beial ink
ca]&htedmmta ekiafislddi age dmaitsmativalin cbrﬁreﬁd:cgttf exB4ia Mie handwrltmg
IS assSi g

t al t ur ed zon ed.
rlig ot a3 Bt By Pt wle® g Bonehaiog rbogition is
weBamti@stood/@deli for Sﬁalnpleasraﬁﬂa&y\o cry. Buglad TSSVakélﬁya “TR $faté afthe

tlcgj a gﬁoke a, fill zi gzag, etc capt ured
nhjag Hsditng Beossiine dihEe fratactng é’nvg?t@@ t\galyys and
Mabint gRedigbfre! heolfiz,eNd ss Maduste 1999PI0E Toent3 6of AhicEXdre herein

field has an associ ated text val ue 882, as shown in
‘“°l§’fp§{ff‘fr§‘ STOSFRETENCE): PRAcIaliFions A text Helds inclyde daterang pmbpr §ields.
zonewés autonatlcally converted to text via online

handvit SEPHYe fielddisg An pesariated digitgrignptuser vajug 883,45 shesen indFigure
37 tfh@ digiedl Bk Sapt@bd! B a SHhivREndRD dWeid duﬂgnaﬁlgﬁ?gr@hﬁéﬁmﬁ réspect to

-understood (see, for exanple, Ta
v dberownppeitheape; andprlieial sgnatusg of conggat of the form of which

the%id—lls P&t Hangbitd nB AssRREPINhE HiQdrs vaﬂléz&ﬁe Ig@ﬁ §%ﬁ‘1[tﬁ1@ SoeRd}ated
Pattern Anal ysis and ~ Machi ne I ntel

using thg Pep RISt Privasignatyee ke fpegifics togthe m iehfioarwehighepwsrthe form.

Onlifk SRRk teda DNt OSSN ﬁl‘ﬁ:fc?s&%ﬁc(@e fo?pé?{?%?%}s ?ﬁ&{b&d’(})ﬁ, R and G.

text fields include date and nunber
LowgtteynAutpmati¢ Signgfuigaéeridinatipn sod |Vﬁuteldldmtgicatiﬂn -sTlgriatg oEthe Art”,
Pat¥edh R%cc%gl%on 25o12BOND 21 Todo! FHI gptcg’tz of WhYen 9| ér@lJ 1*1&% rated by
captured in a signature freld s zone iIs au ﬂ
crogsetefefdned)- wi t h respect to the identity of the owner of
the pen, and a digital signature of the content of the
f or mAofieldvalempnt it hiddepiiBitef hiddoattribits ispen drladded fialdatlement does
f di gi tal signatur
notl‘f’hé% glﬁgl gli X 8& IHS a. ﬂagé ?rhdsdo\égll& accc}p ?nputr ?tvcg éla\éel agln g§oc}aged field
Valkee‘yhlsfpe @icluided tnahtt foen dpp iwhemthe fmnmma:thmgvheéietdhesnfbﬂmtm
Online signature verification is well-understood (see,
f or EKdifing’e commhandmneioh, asRstribethrdBghs Iradlicetinge deléthut eamtalsd be

flcatlon and Witer ldentification - The
rmé%@ﬁ@hﬂ%ﬁ?ﬁgﬁé Pattern Recogn|t|on Vol . 22, No. 2,

1989, Lhe. mg{ er ej n‘1n or,por a
B »
r og Do e&lg%tglg rﬁlﬂg frseg d{: J;] Zﬂﬁel'l I works, 88 ere vyflrgl accégs to
the tlhmaml@mf theet ften infpergenit)s ragiet thaA“hﬁﬂdxaén ef w&h decedsemBnbd adamap of
pen k{n };/)I’ t g%llllnp 24 ! ézzegrﬂug é)glg%%ﬂ‘%%gaw clélcgz?rgcsterg %nhalg ?atIEe!y high
accuracy, without a writer-dependent training phase. A writer-dependent model of handwriting

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

Digital ink, as already stated, consists of a sequence of strokes. Any stroke which
starts in a particular clement’s zone is appended to that element’s digital ink stream, ready for
interpretation. Any stroke not appended to an object’s digital ink stream is appended to the
background field’s digital ink stream.
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val ue which is included in the formdata when the form

containing the field is submtted. "Editing" commands,

such as strike-throughs indicating deletion, can al so

be recognized in formfields. Because the handwiting

recognition algorithmworks "online" (i.e. wth access

to the dynam cs of the pen novenent), rather than

"offline" (i.e. with access3®nly to a bitmap of pen

mar ki ngs), it can recognize run on discretely-witten

characters with relatively hi accuracy, wthout a

wr i t Pigiipd deln erptired rnaﬁhmbﬁ@grm éeIdAs mtﬁm@tedopé Pefetbetien gesture.
Clwﬁhp §n BRRAWN 4 1H0E o J%:t@lrg Q‘B}ajﬂ eﬁa %gcp%aat sgec?gﬁ Fof the

owever, and can”be ge er at u ront

mrﬂmsers@dlowecta a@thmh themktualastemrqtawd}s applicatieh-specifisi st s of

a sequence of strokes. Any stroke which starts in a

par t i'kable@rsumimerizas these veoines fes indgrpationiedith ondtiage.

element's digital ink stream ready for

interpretation. Any stroke Dot appended to an object's

digital ink streamis appended to the background
Tablect dSymimagy ofpen iiteractionmwithPE0e®ag6 37  Digital ink

Objrictir ed Type hel badkoinpuhd field is i nAetiggr et ed as a
Hypetlinict ii@Genayalst uClck G r cunsc(Suptitcaation tocapdlicationdr e

obj ect sFdrm _geneCidk vy i nt er p[Subedt fersn B fpliestionon of thle

ci rcunySaiedtie oliskct s, al t hizughittseRci®d Wadpplication
ForfifiekPl[CRekb&N [ARy RBEK | Cat | pRsigReekh field Tabl e 2

sunmer izse TNeSEaN@mtPgS PeCInbErCaRRAIINNR 9kl Assign text

net pagg. Tabld 2 - Summary}gfielgn | nteractions W th

net pageDGRIngCt |DGRE imen | npArss ﬁﬂau ink PRI TR |

Cener alisiGhdtine =ggwfzﬁjr@0“ o R Sl eHbr‘a*té ok

Submt |[fOrmto |a I cation X k |gMI

sel ectifon to appllcatlon FO%@Haﬁ4 1%%ﬂ§pec
NoHET K ASST O tT U8 Lk ddrblich | ASSig Ié‘j{&‘fl IHO 'éf,:rtéﬂf'é’éfééhon

grgitat Trnk—to text, assrgm tex to Brawg
Digital ink ASS|gn dlgltal |nktofield Slgnature
Si gn e ital ink si ure;

ai o1 e <Buethpnbn s b o Mo g Rf P SOEE S sy
of the nﬁqsefededP(sme}(e@apthdEn: ihepiatiynoudd Fielin Tﬁa: gildceibn isnKeatad after an

1nactlv1ty%r111teoﬁ¢t?o ensure predlctable behavior.

The raw digital ink captured in every field is retained on the netpage page server and
is optionally transmitted with the form data when the form is submitted to the application. This
allows the application to interrogate the raw digital ink should it suspect the original
conversion, such as the conversion of handwritten text. This can, for example, involve human
intervention at the application level for forms which fail certain application-specific
consistency checks. As an extension to this, the entire background area of a form can be
designated as a drawing field. The application can then decide, on the basis of the presence of
digital ink outside the explicit fields of the form, to route the form to a human operator, on the
assumption that the user may have indicated amendments to the filled-in fields outside of those
fields.

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

netpage. The process consists of receiving (at 884) a stroke from the pen; identifying (at 885)
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The system maintains a current selection for each pen.

The sel ection consists sinply of the nost recent

stroke captured in the background field. The sel ection

is cleared after an inactivity tinmeout to ensure

predi ctabl e behavior. The raw digital ink captured in

every field is retained on the netpage page server and

is optionally transmitted ww&h the form data when the

formis submtted to the application. This allows the
pllcatlon to jnterrogate the raw digital ink should

thg 15) agg ipstyree 8P FRA,WE'F‘? e mage DYy dhestrake re%rﬁ; Fetrigyingias 886) the page

deSOPNGH 5 |1&ﬁt1@fng|@ﬁr897yra! foin@ted &%hent $5Y ﬁh&,@ﬂme%@ Ehe%ﬁglfmlﬂ%rsects
i nvol ve human  intervention at the application |evel

defeginga (#esSinteather Siel formated plamerspirespends i 8 ieldilqmeent, and if so
appRDRb $t %9%63}%@&%?1 strb%e t@rﬂheetﬁ%lﬁﬂ‘ QR tlkq}eiﬂaﬁxe g7 QDtera)retmg (at

entire groun area of a formcan be desi nate

893) the %ﬁﬁ)lﬂﬁ@laiﬁ digital intef theriid. end Hesermining fah394) evéeth@ehe fiahd is part
of b h?peplﬁﬁkb@ %rfatlp g&ean@ Fs%ea'aﬁ\%t:?r% (at ﬁé 'tﬁeadssdcﬁakedggééiuﬁce altté?r?atlvely

licit of the for outet
deiﬁ%‘ﬁlﬁg @%éﬁ@t‘ﬂwthebﬁe ﬁmaﬁ@sﬁs!@mt tasTespongs totahyperkiny elﬁragnt and if

o 16 19, STROATROL S L, L L o o

fielgforthiyperlnko eppsading (ah 891 |tluerrgcepx@d strolput thes;hgtal ink of thedbackground

BB oy B $9: S9N SER . SRR B
Pergasmaih@npég)ethﬁm@sanmsswto whi ch the page ID 50 in

the stroke refers; retrieving (at 886) t he page
descriiigiré it sBows aidetdilied fipwmchaltaf stg§8%9)3 ia tHeqrovadstshavn in Figure 38,

ZoNn t.he stroke |j
T R AR A O 2O Ty bRl Benalb B R Rt he ot
The pracess pongits dHdaerfirdhgl(ae Iseﬁiamhexhealﬂda fiidld $0a c}ammmstchnﬂqa 397)

wh%tﬂér tg 9(%%1’@1 1 ﬁr%?eh%?xgzps ﬁcrerﬁl'j(h %ohaesglg!g g {aﬁ g9§) a trug valtue fo the
fickdcelirg Iahéraﬂlveﬂwgdetealhmmgk(aoﬂ%)hﬁheﬁheeItliie, fislads deleey fitlai a)ﬁ@ if so

' | i nk
AR R By W PSR S
sertyrpatd aseining l(dteqompttie W@hyerted @b@putdrneido (tHeI ﬁ&& %lu%ﬁfehﬁﬁvely

Aot Ehh et 70 IRl BRI R (il Q8o PHEyne (1 503) the digial
inkCR rthee Sipante Bgthh)pﬁﬁ?lé lobwikr, with te A bmle ﬁgprbﬁ;atmgétba%%ﬂ Gérver,

eld or hyperlink,
°l‘et1tﬂ’éa(f“e%°35) ¢ éit‘ﬁ‘@;t Figlanrg 8t th gonferts ?faqhe FWF@SW”%PBJO“H AR with the
help A€ K r&pidttior éepedl afBikingdRél p&OBWeRd plide ﬁgﬁla}uré l’(‘% relatmg to the

recelved stroke to the current selection 826

corgesRnding applistfiongand sesigming (HAGS Yo dimal pigpatare by eld Vel
server. Figure 38a shows a detailed flowhart of step
893 H} e process shown in Figure 38, where the

1.7t cuRFOEPEEV CRPMANHS K of a field is interpreted
accordpagg Selrwr tcdumnm;dpea ofmrhdng vhiichlishand &t egiydyalspage server. It

opeRAANR AlrolE AL T AInt AlinfiR0k, Whether the Treld T

hec

A page server command 907 can be a void form command 908, a duplicate form
command 909, a reset form command 910, a get form status command 911, a duplicate page
command 912, a reset page command 913, a get page status command 914, a duplicate
document command 915, a reset document command 916, or a get document status command

917, as shown in Figure 39.
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whet her the digital ink represents a checkmark, and if
so assigning (at 898) a true value to the field
val ue; alternatively deternmining (at 899) whether the
field is a text field and if so converting (at 900)
the digital ink to conputer text, with the help of the
appropriate registration server, and assigning (at
901) the converted conputer3%ext to the field val ue;
alternatively determning (at 902) whether the field
Is a signature field and if so ve(if¥|ng (at 903) the
di gi t/alvold; fopm gemmprd ¥oidh the roeesppndingelosw ingansund (dupligiatenform
coﬁaﬁ%zth@dl@ tﬁé C(;rp:gp(ﬁﬁlﬂﬁ (P(Rﬁl' 1ﬁ§t§1¢5 %ﬂi ﬁ’l@ﬁ %Hl%s XS printed copy of
creating (at digital signature of the contents
thegfurreptefoprp FI}‘S@Q‘r‘S’o‘ﬁ’éh figjd valuey pragesigd wherropyh eontaies the adme kywerlink
trahGHoADAk ﬁ.@ oﬁgiﬁi){le!mdas%qs iﬁﬁisﬂﬁgu{sﬁ@ol@ﬁ&n% tﬁ{\guﬁl R dn\iPhifeation.
signature key relating t € correspond
A mﬁp@apq)r@mandawddsgbg pgmsp@d(ngtfo@@gystanweandng@q pribduces an active
pn@%@ Q@ﬁ#‘l&etkg ?%r}ngﬁgtéxéc\%/ égngmﬁlagg Jls%rdg gg'n%aesﬁlbﬁgmﬁins the same
hyrealird t@dsdctg@al]ﬂs ys thy otipipalpA get forn stans cdntmand peqdatesg printed report
tan e.
on gfée: \%gtﬁrjé ég ﬁnﬁa %E%anﬂg%r%qgst&%g ém ed916,8‘Bﬁe% it was
prictagh forowtos if wanpringdnaneriice 009 statas ﬁfEtB@fDﬂfl msmmo mrmand 910,
a get formstatus command 911, a duplicate page
conmeliicbe 21Bsm byped gk tinspragecatinyertchn®t8on B, glet appBgpion has to be
im Gl 1F pRRTRRE P onfaitist oA Gytof, PR RN, e s
thecaforagypital@ibiplenssted hoayperinki gure 39. NPS065-SG 3 39 A
void form command voi ds the correspondi ng form
i nst ahdeplic.étedpagb icommend -produee mnwnmledvcﬂpglmftthe corresponding page
. o re n 0 stance a hen uces
s TR Prer Bt O PR e bR o e e of o
forfnl, el theadupbsatgpaas ebmmdnd i hl&er@fepsyl 8 @rduplidag foli® camEnd. A reset
hyper | i nk ransact.i o s.the origjnal, and so
pagE BrprHlBioUHERD 6 PP G PR b1 AT PP i P P B e
bacRgroesdfield 04118 dianiad df tHepaks cbliginCOforR SPO Pait B fHo, Ahen the reset
i nstance, and t hen pr ces an actjve rinted cop
pagerammgp S'“H%‘P?F?gé‘s gﬁsﬁ PIOEFPRAR L/ 8Ot P éﬂmmf‘ﬁ Pmd“ces a

prifteP Yep6R th ahd1§tathif) 6f 58 WBrresPiidRlg padk idstaAllS AMelidig WHISpudSished it,
the original. A get form status comand produces a

whig} it pEe B SirpvhoBt whePriesh i ths Stegoicay .f%'gla Hifaniags or is part
of.fOorminstance, including who published it, when it was
printed, for whomit was printed, and the form status

of t h@efiRfpapd WpbaNi@: appesls BndevbB’ MRHEPaY Livalty 28SLiRRE Svith a
contains a transaction ID, the_ application has to be

duplicte PRes¢lemsnigp MMfﬁ&damﬁ@Wquw thstinysation. A but t on

requesting a new forminstance
hen a page instance is duplicated w1th ﬁeld values preserved, field values are

printed in their native form, i.e. a checkmark appears as a standard checkmark graphic, and text
appears as typeset text. Only drawings and signatures appear in their original form, with a
signature preferably accompanied by, or alternatively replaced by, a standard graphic

indicating successful signature verification.

A duplicate document command produces a printed copy of the corresponding

document instance with background field values preserved. If the document contains any
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therefore typically inplenmented as a hyperlink. A

dupl i cate page command produces a printed copy of the

correspondi ng page instance with the background field

val ue preserved. If the page contains a formor is

part of a form then the duplicate page command is

interpreted as a duplicate formcommand. A reset page

conmand produces a printed #bpy of the corresponding

page instance with the background field val ue

di s arded If the page contains a formor is part of a
forps, then the dyplicate document commgad duphiatesdhg orsindhesrae sy aduplicate
forfrP £8hmb ] Mot NRBALet AoGiBlent? BBmEA A tpSiuERMHBRGhES QINC]? the

a printed report on the status of 'the correspondin
conpgendingsdosppent ipstanre aith Papkesrusd tﬁeidshﬂé@swtwcardwﬁ df thet document
cotifis £y Bk Other] A redAQUBrhent\@inrint LsEd the%s nli]ﬁle 4 W3y a reset

of any fornms it contains or Is part of. Ilhe netpag

formorgemnil dpesaf) pebdosument stz yomuensyeduces mgruﬁﬁdl rgport on the status
of ﬁr%%gﬁésﬁ&ﬁﬁngvﬂ&ﬁh&t uﬁl{éﬂéé ﬁ@%ﬂﬁlﬂ%%@ Q l%ﬂgﬂt \*r tlp\gas prmted, for

preferred Inpl ementati on o erentl a page
whpmdt was@einied, @d&els‘@%@ﬁmfoﬂmﬂi whidingal ues pr eser ved

field values are printed in their native form i.e a

chec Rk pagp perres cammandst sondseledtedh ettt ks sgt.apén the cmohand

P

ookt p OGRS ARANDGE e b pufB Ko RS A o e s
corddining ther conpragd.eftadbiliowa cooenpand |pegb foyver owmmdnide tanbe pmed:d,/ If the

B REE RSP oy ARSI AR R T o

colpmarglthess tha cpgminatdgslignoey. of t he correspondi ng docunent

i nstance with background field val ues preserved. If

t he docapphcation omt @ovide applicatiNRGR6Hic B@didg by emmsidmg e relevant
pa%erégrvgxuc%rr{ma%a giel%grﬁ ﬂt%qecl ﬂrﬁg r(ﬁl[g g%n%@%tsgr%ertacte \Rtels é]én‘sl%yperlmk
assdogedwitl the hmmlmitecpgmwbxaﬂmsr tharpexeattiag the @pge seifveit do@mand.

correspondi ng docunent instance wi th background field

val ue's pafie semerd@echmahd ekehentdobidden its Claddeat ﬁrmbateyis f@ar Athidden
anr(]ieﬁemen{c?oes ot OCUITEIIE]t coogmand rescgts tmt]o b tl t(!ld tly b
h Wt PRUGEIN CB AR A 5%‘& vaied dircetly by
a usho, CIU mnhov@atvat bisactioaredvia a pagchdeescotnhd BinBddécipArdiff@t page,

e status correspondi ng docunent instance,

’ft\s%gﬁﬁfrﬁﬁm\ﬂﬁgmﬁcbﬂﬂs 1t§h‘§bseFFte‘Elvﬁﬁ%'ﬁme‘ ‘was printed, for

whomit was printed, and the status of any forms it

ont conmmand's "on sel ected"”

1. sgt tr %AE%AééFéﬂgRegﬂshﬁéﬁ@%%ommnd operates on the
page I Hemraferred domy eachaeipage is printed with theaptpageiloge at thetbettom to
indfcB@MhR fsQ%e&ﬁg@andcﬂ%ﬁkﬁhdggnﬁﬁgm%mﬂgs T Il§%@£]LCﬁX§S as a

a nenu of page server conmands to rinte
copy button. In most cases “clicking” the logo produces a copy of the page. In the case of a

A

—+

com

form, the button produces a copy of the entire form. And in the case of a secure document,

such as a ticket or coupon, the button elicits an explanatory note or advertising page.

The default single-page copy function is handled directly by the relevant netpage

page server. Special copy functions are handled by linking the logo button to an application.

1.9 USER HELP SYSTEM
In a preferred embodiment, the netpage printer has a single button labeled “Help”.
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target page doesn't contain a page server command

el emrent for the designated page server command, then

the conmand is ignored. An application can provide

appl i cation-specific handling by enbedding the

rel evant page server command el ement in a hyperlinked

group. The page server activates the hyperlink

associated with the hyperlifked group rather than

executing the page server command. A page server

command el enent is hidden if_its "hidden" attribute is
Wheg pressed i gty singlinpgn of isfoenatien. iadedingiot have an i nput

zone on a Page and so cannot be activated directly by

a usdr. PFptug ghorintsgeRasstionhe activated via a page

server conmmand enbedded in a different page, if that

page *ser vietus ebprimigigomusatless "on sel ected” attribute

set. 1.8 STANDARD FEATURES OF NETPAGES In the

pr ef &r r edprrieyahel2 BEM net page is printed with the

net page | ogo at the bottomto indicate that it is a

net pdge dpdmepidpestion@emas i nteractive properties. The

| ogo al so acts as a copy button. In nost cases

"cl'i ¢ki népr-levebngtenge ngfvetkiliiediony copy of the page. In

the case of a form the button produces a copy of the

ent i rieheipaennppvides & Herarchisel neanua] o bew fansg Gedaipnge, system.

such as a ticket or coupon, the button elicits an

expl aigudesynenbiuactiop meay weluilesithrfollenjag fupptiongef aul t

si ngl e- page copy function is handled directly by the

rel evant PHeEtasapecf aslegemaér ver . Special copy functions

are handl ed by linking the | ogo button to an

appl i*cat Popt.2 clepn gopySERTM@ P SYSTEM I n a preferred

enbodi ment, the netpage printer has a single button

| abel*ed 'PHgl|the statugp3PeaMBE 41 \Wen pressed it elicits

a single page of information, including: status of

pr i ntéefocymandenctiohis intisted lry sinply prepsingthe oy ardthenstouching any

| ' . .

P S o LR U MO RO 1 GESHEY & whom
it was deliversHi andito whenyaid vdlren lifovestsebsegyenthyrrabmisteg apefomy.st em

The docunent function nenu includes the foll ow ng

f unctlihonsetpage i netwak cligggtonf allovgothenmeset to pravigate athe | hagxarchy of

pu‘rﬁfwﬁbngfan&l sgrg{cgg on the network. As an alternative, the user can call the netpage
network “900” number “yellow pages™ and speak to a human operator. The operator can locate
the desired document and route it to the user’s printer. Depending on the document type, the

publisher or the user pays the small “yellow pages” service fee.

The help page is obviously unavailable if the printer is unable to print. In this case

the “error” light is lit and the user can request remote diagnosis over the network.

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

illustrate personalization mechanisms in the netpage system. Although news is often used in
the limited sense of newspaper and newsmagazine news, the intended scope in the present
context is wider.

In the netpage system, the editorial content and the advertising content of a news
NPS065-SG




print the status of a document A docunent function is
initiated by sinply pressing the button and then
touchi ng any page of the docunent. The status of a
docunent indi cates who published it and when, to whom
it was delivered, and to whom and when it was
subsequently submtted as a form The netpage network
directory allows the user t42 navigate the hierarchy of
publ i cati ons and services on the network. As an
alternative, the user can call the netpage network
publigaiien qqe,m;@nahz}e@ F?‘W‘g&@éfsm“ﬁﬁﬂs@p dhkeditgria) cRyiaRtds personalized
ac QRS PN the 1AGrPEIALAY s(feﬂ&i laRE ahBlicidy Gaiiied nﬁgrest profile. The
docunment and route it "to the user's printer. Depending
ad‘@ﬁlﬂﬂséowemmrﬂomly%accwﬁeg it readavsrocglityanddamnaraphiay s
the small "yell ow pages" service fee. The help page is
obvi ously unavailable if the printer is unable to
2.%r i ntEDITQRIALPERSONALIZATION “error” light is |it and the
user Aanbstditpuest dravroh awdikaghsosi s:we wetrctsh @hase tthud rdélive? .news

PERSONAL | CATI ON MODEL_.I.n the f
PutGERPPAPY S IV T b aEe QR st et e appppied nd
ediexdabypthe gublished, Ind®é k@daths e¢ Sgfedated adithanbye Glaani Ipﬁlﬂ!‘shd:rl’br by a

R B4 Py SRR P R A

and he@vshiaLmde ovisie cms@s btfeainb QarPbeematit and le;eﬂéde &t“rd“s’ M%ﬁd from a
ne\gge}etég%, gletﬁ%gqgfgﬁ%é ge]flanfgg ﬁxg&eg'lst qu%%or o gc %p@tdisg{)ulﬁetm boarg, or the
reapéthl dvgathan are personalized using different

nmechani sms. The editorial content is personalized

acCOrmhc Mgiph® pubBcalidshever Supp¥id the ?ﬁﬁlhéat&fnaif QditedNws publications
inEI|C|tIy captured interest profile, The advertising
as welhtsdhs a5g§gf}&“§5 PP ey W sleegma: |Fﬂ’ apgjing the aegregption and hence the

for@@ik | df Ynedd Gerd@RP gl Girecly %yE@E TedeA\lihe server is able to place
PERSONALI ZATI ON_A subscriber can draw on two ki nds of

adyeH{pnE o8 Bpgee gver phish dt athervisglasing editosialgontrelubl i cat i ons,
and those that deliver news streans. Wil e news
publ iThgevhseriber builds g gpibhuasprpghty scleglingeme gy mptggontributing news

put?iéBhdns heﬁﬁa cr&%ﬂ@ a%e?s%ﬁﬂﬁe@@&s@ﬂ QF 29t Qe @dshIiBE dRiYy &ditions are
nevvs(gb i sher - or by speci al i zed news aggF egat or .

¢ind dagethsh dnte )apﬁ“tgéﬁ ngpspancr. edgomtioysomembeg of ®hawsehold
typib%l\f@%{-b% their éﬁf@reﬁ?\‘iﬁ%@% 1188 by%ﬂe&t g%ﬁ?&en% Iieflﬁgﬂﬁhc%%s and

be 'many and vari ed “raw' news froma
tm@é%%ﬁ@engﬁw@artoon strlp, a freelance witer's colum,
a friend' s bulletin board, or the reader's own
e- maiklor eaph @ublécaiierg dhepgdsler ertionglly sskeets epectfispisgions Jome sections

appRPAditG 25 hiRotRlrs GiHleb RGP YRlY &BEdn8 M Pailable from The New York
Times online, for example, include “Page One Plus”, “National”, “International”, “Opinion”,
“Business”, “Arts/Living”, “Technology”, and “Sports”. The set of available sections is

specific to a publication, as is the default subset.

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

For each section, the reader optionally specifies its size, either qualitatively (e.g.
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as well as the aggregation of nmultiple news streans.

By handling the aggregation and hence the formatting

of news streanms selected directly by the reader, the

server is able to place advertising on pages over

which it otherwi se has no editorial control. The

subscri ber builds a daily newspaper by sel ecting one

or nore contributing news #ublications, and creating

a personal i zed version of each. The resulting daily
P B S et B b b, 09 e
prdp)bﬂloﬁ&:lﬂaﬂv@bm{ge $fher hﬁ&lftatﬁrblF'f(e geth | kR4 SRS naiRgl drafuh%ﬁcany

selecting different dai pub i'cations and then

(l%%§ﬁﬂﬁ?? &Y t hem For each publlcatlon, the reader

opt i aII ects specific sections. Sonme sections

appea ?4 alsqinphienally [rapressep dsafercisgdpy 2 laree nabaryof shorter
artR88 ot @@ﬁaalamahﬁea b Rnddr arficlbh EableWHi¥R ik ideally WistteR relnl éaﬁed) in both

for i ncl ude "Page Che Pl us" tional
Sh‘“rf ﬂ’fji‘i’r&%}p ﬁ%\FUPPOFﬁ @}Eﬁ msfergnce. " Bus in ess”

A«ts/L|V|ng "Technol o and " Sp orts". The set of
avai |‘¥biTHCIE Bty plsp ke Wgﬁefs(glé@tﬁﬁi)dn fitife&nbtﬁbweaq mafgh thg gxpected

sophSstitAiRn A 184! lriéadS RSl xampleCrol HBHGL chififleX Eﬁp Qa9 val&bdsY The
newspaper by cr eatl ng custom sections, each one

aPRIPRIHS YRR 12 pRectrdrprording torissader’s agenihe reader eam spesifiyiagreading

agdPhvitlidh Qs pféﬁé%l@ﬁc%%vér%eneol litarggd friends’
announcenents ("Personal ") or for nDnltorlng news

f eedsrpkQEtichR fHidh rRakk AP ichch seétloﬁl afd stei%cte@ bind Srdrit ?étﬂgﬁ‘th% editors,

For each section, the reader optionally spec
andigagh, 1s assigned e gl lifetime. Beidgfaylethgy are NpibeBE ts@! rievansivahstribers,

in [Ffﬁgft}“&ﬂeroiubjegﬂg)spacé’éonmg inQﬁJ Jénﬁsc('lbe@ edfiSpd 1Mt on

its nunber of pages), and esired proportion of

adver, issdiBth whird Ret aﬂf”’@;} }a‘eah{ r@zLd)ér ‘n@y gptld?nh%benamgrcj)gﬁeborative

| ow, none), or nunerica
filtqring. This dether peRbicd bt artivled Wbﬂcle hpaeetss@éfsmﬂp lawg difdimee Eadr article

whﬁ:h lqﬁzﬂgﬁs foy wﬁrbo@{wes[ﬁ%{:lhifs grl?{ L4 IW%L ?zﬁmg get?q ?Qﬁhé entla%rf]ﬁe article.

nger articles
Th% blrttoeﬁ%lll@df)VlderanbwnhOLsm@rgt “lliﬂﬂdf’ dndrfglslﬁl@d’r}snakmgstnppe ikely that

nmhgééﬂﬂ§%%?&§%%?eren#§rtICle may al so be witten (or

versions to match the expected

Sop hi 1é1$sa\tvftlpglgg gri IJI:}%,S ragdag]%ﬁ hfgtgn a&ﬂpre%re &fe@ﬂ\{eér con31dered

children™s an ver si ons. propri
essgrdiabicarhing by theécetotsadd amdeim&redgo mostrdie/antsabisenbas age. The

reader can specify a "reading age" which takes

pr ec dde mederoaptipndllly especifizis @l s@@hd:iaity fugler, cltha aanlithtbleBsS(e.g. do or

doﬁméugé}lls?%;e (yrpnug}%ﬁlcalls eﬁthlgghnseren 1p1ty fac%relgwg'g Qhe threshold used for

matchmg during collaboratlve filtering. A high factor makes it more likely that the

corresponding section will be filled to the reader’s specified capacity. A different serendipity

factor can be specified for different days of the week.

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

this modifies the priorities assigned by the editors.

The speed of the reader’s Internet connection affects the quantity and quality at

which images can be delivered. The reader optionally specifies a preference for fewer images
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and each is assigned a useful lifetinme. By default
they are delivered to all relevant subscribers, in
priority order, subject to space constraints in the
subscribers' editions. In sections where it is
appropriate, the reader nmay optionally enable
col l aborative filtering. This is then applied to
articles which have a suffi¢dently long lifetine. Each
article whi ch qualifies for collaborative filtering
rinted with rating buttons at the end of the
or sipqlfe irazes opphthfpeopsThen sy Yresditreeni “85@9““&%6’[‘%“16%65 gray be
delivetdda TovaR dualiy Gloi 4 @6lver resBRKbNEE With BR46r dolbRkNord) h@ﬁematlvely

readers wil|l bother to rate the article. Articles with

all firgs ! She BpRtty-aige aprtrnuaierof imagesdelived mpebaadipetor e
effectively considered essential reading by the
edi t ots? aﬁéalalﬁ@i ds repderettedifiesningt qyagtiissafites, times and monetary

valBbtRRC obNRER Thilhevolve REREIARRL WIRARY lnYtsSclRaeiﬁipEﬂl:ﬁ %r Retric, a local time
serendipity factor, either qualitatively (e.g. do or

zongoadytinag  fpats andng Jocalopurigngye apd hether the lﬂcglrzate,@r emEibtpeft iy situ
trahsBoR br AA¥ELich. trHé’se bl asie &é?ﬁgd Gk the'?@aﬁﬁnky 18&1&1%  ddfbuit
col |l aborative filtering. A h factor It
li kel tdyate tddGing COIHCERIBO ragus&g b§'e1§605' Qe@'eé{%hltl th@ereaidek lofsgonaliy
to the reader's Specified capacityy.
spesifice i glpbal yprefprgageofor caa fergse psqﬁmtfoneﬁomtexfdﬂrfdf empﬁt are scaled
acdfsPbnd BE lxﬁﬁ}fanoJ he L HatRhedbs o aﬁ:?ﬁgéeonal l'y specifies

topl ¢S of particular interest wt section, and

thi's yrRdidl b BT BifcaddSls PUBELEY ahd'Rs & di

The speedgggéfhe ;ea er' gh n?erng?ﬂconnegt¢o% a %&ﬁ'mgﬁmt
enqorl'@gqaamowyr ofitlep rublidationangnot guptiefshentrexgressed iy tho@ser. However,

thegr‘r?eg %g%ﬂ %,[ b{ g@rg%[lreg R&' P&%P%{)GZI%%% (tfahﬁ;tlogrsers\f}?g in vanous

gU$%ngs or both. If the nunber or size of imges is not
reduced, then inmages may be delivered at | ower
quality (i.e. at lower resolution or with greater
2. %onprﬁ@ngBﬁl)\lG LECALIZAEON ANP TARGETING hr ee of t he
quantThe persSiatigation Of téakditdrial eéntdniaBesly Aekdty Bk Qavdi@yng@ntent,
ted. At a @fbal | evel , the reader specifies_ how
becavfjﬁﬁ?m'w s pyaicaly Plaserricsit theyrispral yonted Tave! asefor example,

are'nﬂﬁ*@l:kelﬁﬁ:» appébr $n & ﬁﬂw@l %ﬁﬁorﬂiﬁﬁpéﬁ%}h@ﬂ YheSfal@lof HHaieliforB Sontent
nperial or netric, zone and tine

to %?qyﬁqtlseréﬂai Téetp@ara‘o t&ﬁ pllltg]ﬁ]lé‘g;) lleérﬂy ithilifydp aftrast large numbers of

reall @€ #ih R kigAicEOREpHds. Of in situ translation or
annot ati on. These preferences are derived fromthe

r ead gifestive Q@M ridivg Q}ble@@é B ke badi® of RIMEE afiCRM pthS Locality
difficulties caused by poor eyesight, the rea
detesprines Rty 8 partieylareservicey reipilrs $p-etndrmeriicular ratereat5|aa¢ gpeerns
asstiR&E %ﬁt e rlocaBQ:BJﬂnﬁﬁlﬂ a@tp@n%%&@ﬁt HefosaMi&determine general
accordingly, and less infornmation Is accommbdat ed on
lﬂt%ﬁéﬁﬂnéagéccuﬂﬁ@n?f arvliag kel sprhdingpaiterséws publ i cation is
published, and its corresponding text
A news publisher’s most profitable product is advertising “space”, a multi-

dimensional entity determined by the publication’s geographic coverage, the size of its

readership, its readership demographics, and the page area available for advertising.

In the netpage system, the netpage publication server computes the approximate

multi-dimensional size of a publication’s saleable advertising space on a per-section basis,
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encoding, is a property of the publication and not a
pref erence expressed by the user. However, the

net page system can be configured to provide autonatic
transl ation services in various guises. 2.2
ADVERTI SI NG LOCALI ZATI ON AND TARGETI NG The
personalization of the editorial content directly
affects the advertising confent, because advertising
IS typlcally pl aced to epr0|t the editorial context.

Le ore l.i kel pear. in
takTr(g[ mlg)vag urslte t(l:l% P%bdlc%(twgﬁ ggi)%‘ G goxerage, @eﬁgqtl)ég S gga ?rﬁ!gp, the size of
eadhd irdader? salsectiomt adlitfon, feacha feaddise bdveRBing( pldfortiblgr AIdOERhT Rader’s

the publisher) lies inits ability to attract |arge
Jﬁ@% 'S of readers with the ri ght denographi cs.

Effe |ve advert I N pl aced on the basis of

| ocal T Bfﬁﬁmﬁg P‘ﬁ%‘ﬂ?@% the netnaes sxstempliows therdeertising space to
be e fneid i gneaﬁeﬂde@m’ir hd allos sERISH pRSs off iBloMel BldSsefirftely. RAflrefore
H$ g ﬁy %ﬁﬁ qterests and concerns associ at ed mn? h the
Allp¥ihte beSAaht ?55‘71" t&ﬁtd t‘@?ﬂ’/‘f ¥onment . Denogr aphi cs

deter1 &erests and preoccupations as
wel | &5 %ﬁ@ﬂ‘aﬁ Tt Sl s canabs, seld iy YR ingHsppagtions to

sem ﬁqvﬁm@érls tvﬁm ifdi Pt @l wallerh*pa S VRHdbin §/ r@cﬂnvu%ﬂ@ﬁvert@ement of one
nsional entity determned b

ti

ad‘i?EFBFﬁ (?féf‘?tg% Wergd pErepRe e prrperiion ef SHa?FeSOQ to eacbfadvertsser

readership, its readership denographics, and the p

ar ea avdltPaBl &steBt alaapetrdvrisising . 1o b Tiokes Aistcnde dg%ftdemduct
mfblhﬁtlblﬁhﬂﬁ@ﬂmﬁliﬂfdl 5 Qnthé@fol/eefalsGQEH%Uihﬁﬁs& RSlue of the advertising

proxi mate nulti-dimensional size of a publication's

sz’§§Ieable advertising space on a per-section basis,

NPS065- SG 45 taking into account the publication's

geogBsFsE Pesomizgien and dogdigatioprare haedieth puthingticalihdy netpage
pubic#@nQbrve@24advEBAGRE aégrecg%fbﬁ' QD ot 'a%ﬂrarlﬁﬁ'ﬁgad' &ﬂgﬁée S both

adverti sing proportion, and each rea
geogepBy) raaf Hiemoziaphieso rkhr Fubsnquent t disaggragationeieli efficierttebecause it is

autBAtRADIGs MR Yl L&Y\@fféchfe ﬁfj%lgﬁlgl} Fs't@ Qeat Wﬁ d\Ieﬁlsmg%%%'egators

defined in greater detal ows sna
thagyfto j diregtly paptuse|advesiging: diven yhough thd edweftising agrdgms is taking a

pro{a&l'tlpk?ofsa‘a{fgnﬁﬁg 1%{«%5@ y uf;l%#g% fha% gﬁ‘? gé %1%531% proP{-ne%%(rglr[}%cauSe of the

he sane adverti sin
gregipropf Oeiency 198 aggregatiay dhahdvadisg tazgregator avis tah an mmhrmedim lbetween

adve®R4S g@;})élpl?s?lglé rarng gﬂgg‘ g%tﬁg ga%evald{)% ﬁepn%ntalg Ve{t}p d)u lﬁc %IOIIS

one over a pr ese

propgrit LARLQ advert |
het pg{]% Ivése)yst étu?gpt?%%véﬂc%\r/\%n? tnl? g : %agte Huplis licafio ckan;g)e more complex
thar) jad epfadempentoindthe giubbahtipn’s duaditional nnfoontamnt onsmamd thn buifl&atlon 5

advgﬁglﬁggééécr@?is Snllc%e t I%E)Sf .OW%HE q}gﬂ%%?lg ttg E:cgnll gx!lt?esv% negotlatlons
between advertisers, advertlsmg aggregators and publishers, the preferred form of the netpage
system provides some automated support for these negotiations, inchuding support for
automated auctions of advertising space. Automation is particularly desirable for the placement
of advertisements which generate small amounts of income, such as small or highly localized

advertisements.

Once placement has been negotiated, the aggregator captures and edits the

advertisement and records it on a netpage ad server. Correspondingly, the publisher records the
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space. Because personalization and |ocalization are
handl ed autonatically by netpage publication servers,
an advertising aggregator can provide arbitrarily
broad coverage of both geography and denographics.
The subsequent di saggregation is efficient because it
is automatic. This nakes it nore cost-effective for
publishers to deal with adv¥rtising aggregators than
to directly capture advertising. Even though the
adverti si qggregator is taking a__praoportion of
ad agwﬁlﬁinr e% Hig releXpanispaep PP LB s Vi) ber HiG netRascavhliggéion server
layPlo@f kdch RBHS RrsoRfzed pebIRAINR pidE SRt Rleviit faifdr§Rm¥nt® from the
aggregation. The advertising aggregator acts as an
netp3icdfl f¥iTary between advertisers and publishers, and
may pl ace the sane advertisenent in nmultiple
ublications. It is worth noting that ad placenment in
net RAFBERCcati on can be nore conplex than ad
pl acenent in the publication's traditiona
2.3 buntlefopaation Félteringe t he publication's advertising
S pac erte peiBazARARE fows MMiokiRr pebliedtiondrdibeor 4H dssortment of user-
bet ween adverti sers,

conpl exities of negotiations

SW%%@EW%1%Wﬁ§mﬁﬁﬁr@@ﬁ@8gs and publishers, the preferred
f or m of the_netpaqe . system provi des sone aut omat ed
suppdrt PRilicepBcEsioaig#iMst i ons, i ncl udi ng support for
aut omat ed auctions of advertising space. Automation is
par t i"cul &p'faporaletHisHngVectors t he pl acenent  of
advertisenents which generate small anpbunts of incone,
such *as &R dilshi ghl'y | ocal i zed advertisenents.
Once pl acenent. has _been negoti ated, the aggregator
capt Ur es PFftadign pefereiges adverti senent and records it
on a _netpage, ad server, Caorrespondi ngly, the publisher

recorld§ WHemizjs0sis2 gubligtionds ppicalbhawlicapnspeeilic, and so the
custdi2¥ioN tnf B RLRAS mﬁh‘lmlideg B} ki '?ei@x%ﬁtvrﬁfpagé%ﬂcattihﬁ sdpedrpage

2,

publ i cation server ays out each uséer’' s personalized

publ i adliaBétative! filRkiGK FedkRohSUEYAML wRENGEEICS SFE Rhmbdr P Thws
the netpage ad server. 2.3 USER PROFILES™2.3.1

itemsf Br a8 ntoricprradste nf{jfffrrﬁ@' peerss otergsia faroe opurpesps ainuiaking
recOthEfdafibiR] Aﬁl?&u?fg rd ﬁk'b@l‘feﬁ@snto%aiﬂlﬁiﬁﬁ’lﬁta%e g{llabﬁgtlfvg nﬁltering

a
specific profi I nformati on, 1 ncluding: "publica

veckql sipdappndantiso A anye particithor publicagion, there rare) gvey esasas swhy it is more
pra&%f @%ailqgih qi sbﬁ‘arate vector for each publication: there is likely to be more overlap
between the vectors of subscribers to the same publication than between those of subscribers to
different publications; and a publication is likely to want to present its users’ collaborative
filtering vectors as part of the value of its brand, not to be found elsewhere. Collaborative

filtering vectors are therefore also maintained by the relevant netpage publication server.

Contact details, including name, street address, ZIP Code, state, country, telephone

numbers, are global by nature, and are maintained by a netpage registration server.

Presentation preferences, including those for quantities, dates and times, are likewise

global and maintained in the same way.

The localization of advertising relies on the locality indicated in the user’s contact

details, while the targeting of advertising relies on personal information such as date of birth,
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presentation preferences The custom zation of a
publication is typically publication-specific, and so
the custom zation information is nmaintained by the
rel evant netpage publication server. A collaborative
filtering vector consists of the user's ratings of a
nunber of news itens. It is_used to correlate
di fferent users' interests for the pur poses of maki ng
recommendat i ons. Although there are benefits to
ollaborative filteri vect or
el e e RPN o R 0I-R1onp G AL Aol evly e ase
HMgwmd$ammmmgmy it is nore practical to maintain a
separate vector for each publication: there is likely
t o beFantiose oscesr\hlamholmttmaaltpbx@onaemi‘d}ﬁﬁttdhffoﬁatﬁ)&ﬁﬁlhﬁ)Sdirﬁoses
n than between those

th
e FiGET e P U drle Bt T pisir o e I the absence of
squuhfonmatompafdvemmhg kel Be thi@eto@ ol the ®addd &&ﬁ@ﬂeﬂc%ﬁpﬂﬁ %Es%mated with

coII v iltering vectors as part of the val ue
thed i Bfgﬁﬁscﬁ 8% to be found el sewhere. Col | aborative

F% vectors are therefore al so maintained by the
el et bt Bl 1B PRUPTGhPo¥idesnd aeplitatien ivavighedits own
uniqne idaldlffa:g aﬁ@t‘lie netphdeeetistadet @5%r ménBidsMdSela8dmhiBs between them,
ountr Z&E nunpers,, are gl obal by nature, and
08’% .% b@’e apdi B%rgegl?t@&% PYrReSeR 3 Pyblisherris a special kind
of Eﬂ’pﬁ&&ﬁah piolvider, pided RIbBEEIBS is al sP&didl dinA Bt $gpASRIch.OT
quantities, dates and times, are |ikew se global and

rml NtEachedr 800 rhzt}ﬂ:e&aﬂﬁerlﬁ@ﬁﬁ) usyaﬁy hRRRE bZRnteA 802 and each printer
ﬁert|5|n relles on the locality indicated in the
may GEPY BYIHRPE Usgiodrs ¥, Eagipsephas psingledgienlt prnterf(at 66), to which
penﬁﬂltﬂl’ pubSitdiignd £k U5 R b? %Eﬁﬁlﬂ Q'&hllbt']fagésrﬁﬁ{eg Bn %Ulﬁghdaa:f‘e dehvered
S' e of birth NPS066- %en er, marital sta
to the, printer thiopgly which the uses wetgchmg b seien keepatrackef Whieh pubhshers
a ubke hhsviatHoMeS t§ ﬁﬁr‘i tethe AP s déiﬁﬂgﬁnﬁgdA Pmﬁ@ﬁ@ d{)é% ?recoF &’ {he ID of
t hose users choose to reveal sonal or mat
any paFticy iy BRtershud nsisad 1serdeas the IPryehen thlﬁ)ltemateﬂo n | s
mai nt ai ned by the rel evant netpage registration
ser veYhenapseiubypbesriOR tos pubdigettoniSAT.chavprtblisher 806 (i.c. application
A0 3 AAnkBE REpriRRIES |
prOdermgr ?aphl c assocﬁgirt ed ?glfféﬁ elgﬁg g?fhs shi%ﬁ Je@a%?lpl-r"f r- This
autiosigaciongeag be tegeed afnap tlmprbly thearscr. Bqpp lubar atay bavepeevil gders 801, but
anfl PRRhd Qaf é '
« PBEE PRI Rl e TR a8 (Bl priner, then s
PriftefireRogRipes atlh@fth@llsat $pmushi ps between them as shown in
Figures 21, 22, 23 and 24. For registration purposes,
a puBh¢ e rADj i5 used pedpeate ficnerrespondipg lubar aprdfila maintained by a

arfid %ﬂg. pecial kind of
P ar;l%ly:nc t1o %%?3@%8\9}%@%6 aut%grl Zed to use
any nu W%G rteﬂfma? r8'0§] tcgﬁ Be %gf’fibnzeﬁ qo ep%'% a partlcular netpage printer,

allowing Web pages and netpage documents encountered during Web browsing to be

conveniently printed on the nearest netpage printer.

The netpage system can collect, on behalf of a printer provider, fees and
commissions on income earned through publications printed on the provider's printers. Such
income can include advertising fees, click-through fees, e-commerce commissions, and

transaction fees. If the printer is owned by the user, then the user is the printer provider.
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may a] | ow any nunber of users to use it. Each user
has a single default printer (at 66), to which
periodi cal publications are delivered by default,
whi | st pages printed on demand are delivered to the
printer through which the user is interacting. The
server keeps track of mhichﬂgublishers a user has
authorized to print to the er's default printer. A
publisher does not record the ID of any particul ar
prinp€ but ﬂstead resolve% @ E E n it is . .
r equi sl us Eﬂ %5 4,508 ARSQWH 8RR whish as ysg 5’ A5EM5T Rie Pyicgprdebits

an@CEréditst(Rh RsHdbéesdRSrib8DR, thd prEced AR Phra&abH) Oddntabt dRMIISISTS, including
803), is aythorized to print to a specified printer or

nampg, é‘dﬁ@%ﬁ“ telephonn mBersrglehal PI‘FF?F%IC@S&JI b-rpslpding pryAcy: delivery and

lodhBME ke Getﬁﬁgsa hl!nﬂﬁ:r Q)Y bﬁdﬂ%tﬁlﬁ%ﬁ@rdﬁ@?ﬁ c‘éﬁt@ﬁun@ﬂ:}ie haye encoded
sever al pen is specific to sing

siggrafusp. 81+ (g ewglétrsh9set<a@th«?e¢wrm mglel,§19 %tqa@ﬂfqllauwamtamed by the
sysidnt; @B@ SET plyaent AL accdtnlsb € ith RhRARIERMeAR ¥aﬂen{s REn be made.
user's pens. The pen IDis used to locate't
correspondi ng user profile naintained by a partlcular
2.2t paFIRofitd ikt ati on server, via the DNS in the usual

« 0r:=|
a par[?l %ﬁ%amgerr I{rllglllrelé%ra I ? b iE‘alv?r %m@@ ggc%e&ts etc.
on rthe paggedwmmn'ﬂs hsmomanremmﬂ bbuthert'g'st\i%hmbﬂﬁ\hserf@bélﬁlf It is

oSN o DL B SR ER DB B3 e s
dh@mpnnﬁhﬁﬁﬂﬂrOVIder fees and conm ssions on incone
earned t hrough publications printed on the provider's
printers. Such inconme can include advertising fees,
2,33 i clHistorpligt fees, e-comerce conm ssions, and
t r ans@e sl fn%%ably‘ haihBfs Bhisthf [1st|9§9 @M\@&g u@éf stREf! §<§{ta1nmg
then the user is the printer provider. NPS065-SG 4
linksfp ogpapsints £tes geqgesgd By Fhetyserdbronghede netpa2oysipin-dhisi cggaagequ as a
datk QrdRfQ WLtk Beforidl CHEbASERE bOwRGFs SR 1ﬁ the CRMCHaRsn 119 ¢ 42
described in the precedi ng paragraph); contact deta
815, including nane, address and tel ephone nunbers;
2.40I obq,{.mp_nggﬁf PREEBAYIS: | ncl uding pr i vacy, delivery
and I zati.on set , f. bi onet
r ecorTl S I§ ge qu Aofi El%ve? Ao %craﬁ% aeYﬁcoélgé]?f PageY ﬂé?iﬁh user’s
perml,lzeﬂlpmglerapdm m a 8ddiopbg-secdot B;n;d;WSlnt:d: ﬂ@stl’ﬁdd&hse&kﬂts are in the
mai, nt |ned t he an
for 4y R el e P %adton sl o ﬂmgmr@l content,
pay ts.c avorit s Li A netp
Conr 10 AR B pisedfon s b sehiexerbbicy wlin Napieergsing
ratios i indivddalipaped @ithinGhe scdtiod, afd BR tadAgRUNEENRN cxpibies tlh%s. The
ained by the system gn the yser's beha
alg?fftﬁl?lsfs C?JEB i Joaeaetlp s Brad e @o?edr SHigiial and sdertiing content,
sucp ﬁ@ﬁ]@&]ﬁ@dis gsrrestingeitierf spabificdlly |vﬁthﬁ1hﬁé/\ﬁhbhéhtibﬁ BecahsRDBa special

feature on do-it-yourself roofing repairs.

The editorial content selected for the user, including text and associated images and

graphics, is then laid out according to various aesthetic rules.

The entire process, including the selection of ads and the selection of editorial
content, must be iterated once the layout has converged, to attempt to more closely achieve the

user’s stated section size preference. The section size preference can, however, be matched on
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diagramin Figure 41. 2.3.3 History List The system

preferably maintains a history |ist 929 on each user's

behal f, containing |inks to docunents etc. accessed

by the user through the netpage system It is

organi zed as a date-ordered list, a preferred

enbodi nent of which is shown in the class diagramin

Figure 42. 2.4 | NTELLI GENT*PAGE LAYOUT The net page

publication server automatically lays out the pages of

blication on a

avse%%?%§&%§%gg§?é§%m§%%?§ng%ﬁ%%“ & advertisenents

are in the forn1of pre-formatted rectangles, they are

2P| acesoAmENTERAME before the editorial content. The

adverti E rati o for a section can be achieved wth

wi | dl @“ AhqAqqament issloid; Qb dlgls epcofedstor gificientglismibiian andprsgstent
stovdgt Bh thetlb@agatvioa, and the ad |ayout al gorithm

exploits th|s The algorithmis configured to attenpt

t 0 COFHeOSidhRy CHREREY mbtRfis@dk gy éE%LIaWO@QY&&BﬂO%I Sr[BgCIfiC to a

content, _such as placing ads for roofing nmateri al
singledisprr§ edifiqn ang; informationsharied betwaen Brltiplecuserspeditions. The specific
infoiRGb® onsfsRASfUHE paR B! T’%Oélﬁl%gl 1£fofn‘i’é?foh RGndiRP oY {h@ biects to

The edltorlal content selected f he user, 1nc §‘h
whichythe pagelayaug %tf&tl@@%@eges,aﬁwhlcgraa@ hiegss of fext. t hen | ai d

out accordln% to various aesthetic rules. The entire

pr oce’ &ext phieqt GefftHes fuHefuwpisdttpnpreferahlyenrergntedén the Extensible

Ma=iRlpelCdnk@iie kMY sk iR ExEeitie %Eylesﬁ@-é? tan%% r% Q{Sﬁ) ef(iS]? Ej?o%rdes

the |l ayout has converged, to at'tenpt
pregist oyl Qvsetext fewpatting dndgpasdensly of the megmnzreto prhishdhectergds being set,

whith§n HiRGhiaH béhgztg'oﬂﬁé?if i afout e I&PW%FFOMR% JRLEE ganguage
on NPS065 average over tine
codgp gmenpble aﬁtommtrmlaa@ry anchgrbedilasihy phengtic lm@s:tafvﬁwlth paragraph
forhn T Once the docunent is laid out, it is encoded
for fficient distribution and persi stent storage on

the NGl g@%@ oB EtV\erc es -léqeimgémgﬁ?erfgralﬁf i ﬂ{EtY} %h Eil\/ﬁ %ased

is the aralono i nfor ons
comyesseds ingrgf tfprat. ah@raphrco:v’onmt pmd@haafzedgrb;ﬁmm@eafemmy tin [Sbﬂable

fi f t t
AR MR B
the l:q Bt fts%lf 0\84%18‘%410#111 SerlRS 8}ac a e 811;1 gréga(]{lc oﬂeft%)&nked

i nclu I mages, el
textﬁbyve@:uec-‘tsoﬂlrcmghsvtﬁahl text- cfllgﬁ‘cmalﬂdvedlybemhks pdahmn a‘hldﬁ as described

aboﬁg,?aﬁg %ﬁ%&%%}l({ltrg il"%g?ns |8 éegts'\{%erag adlgecgya'g%%le ﬁ&?ﬁ: layout

usepa oommelsformat suitable for efﬁc;ent distribution and storage.

Table 3 - netpage layout objects
Layout Attribute Format of
object linked object
Image Position -
Image object ID JPEG 2000
Graphic Position -
Graphic object ID SVG
Textflow Textflow ID -
Zone L
Optional text object ID  XML/XSL
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preci se control over text formatting independently of
the region into which the text is being set, which in
this case is being provided by the | ayout. The text
obj ect contains enbedded | anguage codes to enable
automatic transl ation, and enbedded hyphenation hints
to aid with paragraph formatting. An inmage object
encodes an image, preferabl30in the JPEG 2000
wavel et - based conpressed inmage format. A graphic
obj-ect—encodes—a—2b-graphi-c—preferably in Scal able
HyQgtinls frat— Other {ornats may be
used foE%P8xt inmges andfgraphics  The | ayout itself
consi st $pplicafiondpiale. of placed | mage| and graphic
Fiekthj ect s[TYPenked textflow objects thfough which text
obj ect sM¢aming hyper|inksiand i nput fields as descri bed
above, @oedewat er mark regfons. These ayout objects are
Watarmarki Zedei n _Table 3. The layout u$es a conpact
format suitable for efficient distribution and
storage. lable 3 - net )age | ayout objects Layout
Attribute Format of object |inked object |nage
2.§posi tDanumeng ®istigjeaartoNl D JPEG 2000 Graphic ~losition
G aphisCdc3Rited hibdvh) 8] Js@gq)if éfﬁWetlt d%trﬁﬁﬁ@n ar@ﬁe‘ré?ﬁéﬁ stbrale on
object I D XMJUXSL = NPSO rg Hyperlink Type Zone -
the ggtpgecetv et a per-spedific pagml%w lsrwerated p@@aﬁhm@a@w@ects to which
itrgtermark |1 Zone r 2. 6 DOcuMENT DI STRI BUTI ON

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

instance, document, and document instance.

The server computes a set of optimized subsets of the shared content and creates a
multicast channel for each subset, and then tags each user-specific layout with the names of the
multicast channels which will carry the shared content used by that layout. The server then
pointcasts each user’s layouts to that user’s printer via the appropriate page server, and when
the pointcasting is complete, multicasts the shared content on the specified channels. After
receiving its pointcast, each page server and printer subscribes to the multicast channels
specified in the page layouts. During the multicasts, each page server and printer extracts from
the muiticast streams those objects referred to by its page layouts. The page servers
persistently archive the received page layouts and shared content. Other techniques for

distributing the data may be used.

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

re-creates the fully-populated layout and then rasterizes and prints it.

Under normal circumstances, the printer prints pages faster than they can be
delivered. Assuming a quarter of each page is covered with images, the average page has a size
of less than 400KB. The printer can therefore hold in excess of 100 such pages in its internal
64MB memory, allowing for temporary buffers etc. The printer prints at a rate of one page per

second. This is equivalent to 400KB or about 3Mbit of page data per second, which is similar
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As descri bed above, for purposes of efficient

di stribution and persistent storage on the netpage
network, a user-specific page |layout is separated from
the shared objects to which it refers. Wen a

subscri bed publication is ready to be distributed, the
net page publication server_allocates, with the help
of the netpage ID server 123l a unique ID for each

page, page instance, docunment, and docunent instance.

he. server c ut.es t.of optimzed subsefs of the
to S it it EE R i Pl ey SRt PtentiRiihe *t or
each subse and then tags each user-specific | ayaqut -
wi th T8 “ﬁ%ﬁ%‘%ﬂ% *hﬂﬁ imsfiicas: SUSILpS ‘e ROt s RuGq pRper, it is
likelpriviay thehases il belaldo ot Rplenivls et ]h)zﬁer't supply Ibageeeliihe prit@r’s 100-page
hnggrvg;athen ; gég%gasts each user's | ayouts to that
T8 SroLees FTRIpEY ¥e appropriate page server, and

when _ t he i,ntcasting is conplete, nulticasts the

Shar JIPRESH: e RIS il iepioBiioeh i Heisn tghygler Wil be inable
to meleaisy bMgmultiSasPwhddtiCRSt occi@d dhe Ragfre pEBIKAT AR cPthérfofd allows

sub IFJcast channel s specified in the

. scribes to Egg nmu ]
priffgredo pubimil Fequestpyfriremultigasts,ihen @ sutical mumber ofpsguests ds igesived or
a tigfeelutREdud, e seéérretlufichdtOmd cdrRGpoRtink isﬂh?e%ltobj?t:l@.earm t hose

objects referred to by its page |ayouts. The page

ser vedie a@fuhieat © Plihi¢d, ar gHtey Garl frEdUCE 6 ENBCHUBAGE: at any time by

l.ayout s aqd sharfd content. Ot her techni ques for
releyvater s hass impuisiad eeafeatsfian e redyay PAgS e printer has
received all the objects to which its page | ayouts
ef er e printer re-creates the fully-popul ated
2'-}( ayoﬁN'QEUAﬁ%bﬂcv'ﬁ@YT@r i zes; and prints it. Under
nor maVhag ¢ aefnegeadnewment tih eequestest e dpmandt & @adespdrmstleed and
del}vlal%g ih lﬂrﬁl}fh ﬁérkalgg wag gg E)ﬁ%{%t%i’éétl.'ﬁo%%p Gnd {48 r1st & sh%;ed content
each page I's cover wi'th 1 mages, the average page has -
delyeryjiy madeglircttbdg thelrequestid@ KiuteTichopt theibeerof a@hictsner ef or e
hol d in excess of 100 such pages in its internal 64MB
e no r'Whenall dopwetpagefdorunicanis oequestedoud deewasd, éitic not Paonalized, and it
. ' r..print.s at rate of one page r .second. Thi
s BNGEE it Sty Bt GoagSeBRD S G refoREC s, & ifooee
docomentnd, netplage formating sarteals a NRGAbMstHGe T a depagdgublicyior Sérver.

expected rate of page data | i.very over a brqadband . .
ThERRRES Pl DB aR B el VB P oonot e adneuding
AdefiesrPdrtable Roburhent Forans (RO, sl Hyagest Maikup SandubdeqHrMIDalh the

th r.wll be able to. yreplenish e paper supply
cast, 3F FY R iap e ai o s g desoluting o 5P ERg Paggelo présent Web
pagesipaCiiilyi-com@tbraias twetll. a thilver@ntendsf It tAiCaulinlafBit 8K iSclude all Web
oes fill then the printer will be

I nt.er nal. o d f up,
poe R i RelrenEa et pass: HifHEs cH B e - agtpreference
occurs. The n%;gggF publi catjon server therefore )
\r@e netpage formatting server makes standard netpage behavior, including

allo
interactivity and persistence, available on any Internet document, no matter what its origin and
format. It hides knowledge of different document formats from both the netpage printer and the

netpage page server, and hides knowledge of the netpage system from Web servers.
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printers to submt requests for re-nulticasts. Wen a
critical nunber of requests is received or a tinmeout
occurs, the server re-multicasts the correspondi ng
shared objects. Once a docunent is printed, a printer
can produce an exact duplicate at any tinme by
retrieving its page |layouts and contents fromthe
rel evant page server. 2.7 ON-DEMAND DOCUMENTS Wen a
net page docunent is requested on demand, it can be
3 Perso, allzed and delivered in nuch the sane way as a
perlo Y However, since there is no shared content,
dellvery i s made dlrectly to the requesting printer
3.0 t hdeRYRTRERMRIY of nulticast. Wien a non- net page
docun@iptographyeis) ued @ proftt @esiaRAnfotrthatiof, H¥@ in storage and in transit,
rsonal .zed, and it is dellvered vi a a desi gnat ed
and do B GG &eFaPtetvihi Hers feoPiaclesey ohgryplography in
w1ﬂt@§rﬁﬁgﬁse SRR RBNEryptépriiRiy A %uﬂlﬂ:[](g?tc}jpﬂ%r@ﬁf Vigie n'eﬁoa& network
tance of a netpage publication server.
““ﬁ@?%é%@“?B RRRFMYYser ver has know edge of various
I nternet docunent formats, including Adobe's Portable
Docu réjfﬁfte t-key Ratographp) alsodplgrred f9eis SuNetp Py DI eI2AliYg Bsgg dhe same
ke;( {dT dMedypt 4dd debSpt £AaSRaRS THE Mastict iR t(ﬁr@%&aﬂg%‘?nég;agésr‘lﬁust first
gher resolution of the printed page to present
arr?}%é%seFWeé{eﬁﬂWgeﬂé‘bieﬁfﬁWef’or mat, with a table of
contents. It can automatically include all Wb pages
di r ediuplie-kynsaeiogaphynalse é%f&‘é%%l BoaspyEmeTifecrypiegraphsnuses two

endrifien (kBYsS TREMRY k&s a¥d thatheRUREBY RIMGE inTHiEH USTRAHS any message
formatting server makes standard net page behavi or,

endryegdssinggne ket enaebi Bei degrypiadiugies e sthemlesy; Orevefi thesh keysgnthen
puﬁﬁﬂedl WhAE MR oHQCH KB privh@. *i‘i?é f)\g;h? ?@ftls {lge 19'ch a0 qnessage

format. It hides knomAed ent ocune
intgngdeduier hetholsian fdhepriviis kﬁ]ét(kmg enog»mtthuemg thedbublicckeynenpage can

AT 3 O P AP TE
wittamy BirdRAPENC Srchango grsagttykely sTo siesdret thatphoprdcte learis sdcinegit is
nonjnﬂf ﬁ;- Hl@ﬁ'll)lﬁ&’of ::pbwétgk tgr ?ateatﬂgk n t ransit, and to

authenti cate parties ransac IOﬂ There are two

clas %ﬁhcolte Q%&gpa%{?ﬁ? i by 'u@ed 0 cge%f prcﬁglgarl]slgn i el‘:“hr %Blgg:ggf the

cryptograp y "Key Ccryptogr net
privaget keyrckn cigate s kbomhhash afsesssage auwl yiphegergypthle haSe osimd thi @ylvate

keyc A}{g&ng g&ﬁtﬂ%}/ v’erl 1%% t e Lk {%9 ha SE §ns{i§¥e(%:‘{§fg§atgﬁ’aof the holder of

cryptograp
the peiwaty jpty mthmslseaqe thanmlpa;[rtmeesaga\bys hécnjg)tlhgthe %6t@@Ehash using

the gﬁg’l?cal%?f ancri'y'é'lfymg e hashazgg%ﬁllgtgtﬁe Ence)ssgg%c HJ’ tﬁe ylgnea?r(u(r:eh 1asna ]?enhgd to the
message, then the recipient of the message can verify both that the message is genuine and that

it has not been altered in transit.

To make public-key cryptography work, there has to be a way to distribute public
keys which prevents impersonation. This is normally done using certificates and certificate
authorities. A certificate authority is a trusted third party which authenticates the connection
between a public key and someone’s identity. The certificate authority verifies the person’s
identity by examining identity documents, and then creates and signs a digital certificate

containing the person’s identity details and public key. Anyone who trusts the certificate
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Publ i c- key cryptography, also referred to as

asymmetric cryptography, uses two encryption keys.

The two keys are mathematically related in such a way

that any nessage encrypted using one key can only be

decrypted using the other key. One of these keys is

then published, while the other is kept private. The

public key is used to encrypt any nessage intended

for the holder of the private key. Once encrypted

si.ng the publj¢c key, a nessage can_ .only be decrypted

sty §2t Hee @F iav‘a'ecek%ely.therfﬁfgﬁqa%owwaeth@sd%ﬁ of sertyimdy yhat it is
gerfe RRGE DA A 8 8rify Whdt MQUertflch@ tha ANl Bed s & BR R elificate

secret key. To ensure that the private key is secure,
autherity vhaspublie keygp webrknavl der of the private key to

generate the key pair. Public-key cryptography can be

used 1p g0t Baisaction gnyirangients, gbtiekpyecryntagrapiy| i oplyofsed Frecreate
dighhll M a X i

e LR PR BT B SRR RO ANty i
usedfpr allpdler pePPsEy t hat the encrypted hash constitutes

the "signature" of the holder of the private key with

r espde tihe (ollpvime disgussiop.uvhen reepgesyie niade de theyspad g janshigssion of
infSRGHYPbEFABS Rk tad Plnted H1Q af’éféwe% thléﬁé'cnﬁﬁg PX Ehd ¥ DY th%gbginter

hash agai nst the nessage. t he si gnat I'S appen

obtaiys theserveissepstificatet hndhentidates diegitipietamncofo théesrtificatsargthogynuses

the\ablid NeyRQLHAn ir | 488G

o0hc My AR NRY 1F 08 oTRRBASE o hap e RO BT bt e srver,

antthgpussy thaperpetsession kesherenciiypisthe medsegealataasy sesoiodiksy, by defingtion,

A0 | ] ieh.prevents inpersonation. This is

¢ no?%%f??ﬁg%ﬁém%gﬁﬁga%ertificates and certificate
authorities. Acertificate authority is a trusted

3_%hi rmﬁagégpgﬁ&ﬁﬁ%gl{;ﬁpti cates the connection
et 1.C_Key

m&g a publi. and sonBoPe[s Lgenglty._The

certi p’b&?t 85 REIRGY P ssispet P PPIEST HEMeJdsndifrrs at timg afppqufacture

whidyl a8 attellif Gead BARL hbnlordl G W HHer 228 dn tHRERBHES ApRErad®iCserver
S|gn%‘a d|g$tal certifjcate _containing the person's

datpbpentie iy Be 47 FsPuahapliiquelyddsptliog e Aantogng the prtpage perrork.

The &Léd IDGRécret MITOGR WemBe praiOfidst gicterdd US fhe hbork,
public key in the certificate with a high degree of

cer t ayitnythd prder ichbnreSis (GO MtFRe ndtiE)k thiihib fiReM8e hifer installation,
verify that the certificate has indeed been signed b

it s cetignenire Avlic/paiath ey poir- Mausanits iy feerek &y and the public key

secilyl tokihe WatpadereBBiSdtioh [@RSAGHE QBvENYIHRREBIY Secret ID against the
_public-key cryptography is only used to create
Prigerys SegrFt 1) f@?ﬂ’&‘i"drﬂégs ditdaseoand deeeps Ithe regigratipngié thed B match. It then

creSESAdQnk §¥§diﬁ§@&&§ﬁa‘nﬁ§%’ %‘fé FJM&EPQ}SI%BQYD L pUbRE glﬁéagﬁre @l:)‘, and

ot her purposes. In the ow ng di scussi on,
stofee the cerfifieaty i thegrggistrapion faabseccur e transmi ssi on of
i nformati on between a netpage printer and a server,
what Tae mefapgeyregisipption seriver actsans at deetifjsate muthprity for netpage printers,

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

When a user subscribes to a publication, a record is created in the netpage
registration server database authorizing the publisher to print the publication to the user’s
default printer or a specified printer. Every document sent to a printer via a page server is
addressed to a particular user and is signed by the publisher using the publisher’s private

signature key. The page server verifies, via the registration database, that the publisher is
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obtains the server's certificate, authenticates it
wth reference to the certificate authority, uses the
publ i c key-exchange key in the certificate to exchange
a secret session key with the server, and then uses
the secret session key to encrypt the nessage data. A
session key, by definition, can have an arbitrarily
short lifetinme. 3.2 NETPAGESPRI NTER SECURI TY Each
netpage printer is aSS|gned a pair of unlque

dentifiers a of manuf act h are stored
sl R &y P Geafivy & i resified el T, oSt ptjlies the
sigh@ifieSising ttheOpublisey € publid e hobtetned T fhi piblishd® HRrtifRate stored in
ublic and uniquely identifies the printer on the
th é?ﬁﬁﬂ@“ﬁ 8% k. The second IDis secret and i s used
when rinter is first registered gon the network.

When flﬁéle PRSI ALGN FREY SCGepSS Fequestdp gddRriias ahprizaggns to the

databfe,fsb Il af ihBR raju%ﬁ§ ark NitiAdd B & Bdh regidibreFloRRY it
S|gnature public/private key pair. %t transmts the
secret I D and the public key securely to the netpage

3.3 egi NeETRhGEPERSEYERITY The server conpares the secret ID

agai nskn by %gg%h n gsrsgﬁ%tﬁgﬁﬁgﬁe |<Qnt€ffe? A {j %‘ Hlamff%sture which is

dat abase, accept stration
storrdtitc Fead-otly tiverery mrtbvaneasm@ndhsn@me aagts&aﬂqnfsewat database. The pen

al i er ' Le LD and public

m??g&ﬁ%{l}fé&g&f%?t&%’mﬂ oﬁeégté?ﬁe cert ificate in the

regis ' apase. e redistr tlon serye

acts %é&gdggg 9a§1l cate a%elﬂ&tﬂeﬁ% 5P rm Spgn & B EE} \simow a
numbat©Epéns. A asn @ouTeBRatowEke plamten mé mrartmtfreqmnajr ki g wgenetzer it is

f ri.nter.identit scr

Wlﬁ19} r g# : C%ll PQ (]J)Irmtete Onlg% 8,rp nlaéd 8r1ntg|i ag re%s%%rﬁcg l'%ﬁ St rﬁgggfy exchange
sessleg ks:tsr Whiemaverstbe ‘par tratatnitl digétalaink Fothe @hﬁigr ttheedipicdd linksis @Fways

ti | t
encefhilvs P i BB FRu B Hekel ek B ot TRt erieer o
t .
par ot tEe s8R F St Pnetrtug X HeNSuBreeh by prigpip. and
priitbrestqredod bestiat key for évent gon iSki@Ral ildeked BY penTHDe BB@GRve a large but

rver verifies, t he trati on dat abase, that
fin i AP 01 5 e ST bTprSehh O SO B s segusty-used

basisiEngaedRdrycat i on to the specified user. The page server
verifies the signature using the publisher's public

key, Voldnai md:oﬁlegwnmh @arfpy DK b phigter, SheCithtand bﬁﬁ%ﬁdlﬁo%reﬂlether
dat abase. The net pag

h
they Bore e bR AR R 56 s ey e pSElatepRneR Yhigher it i

sup@bﬁeh & knbdt th®péh. TRis fight bel Fbodasple, 1:0ausO M p@i?bél&'fﬁ ﬁ) a user who
ts arg initiated via a pen registered to

is "B$‘F FER (0 U5 the RETETAR-hpIEKInIEE JRpant o fhetPem gt ‘E?@?M ghen it

mlt\;&\flqﬁ |t%1a_ﬁﬁolﬁatfd Al istraeant prbdeBlire A tilel fFRItR isn TBAURASUHUES the pen,
|1 C 'S

then it agrees with the pen to ignore it until the pen is placed in a charging cup, at which time it

initiates the registration procedure.

In addition to its public ID, the pen contains a secret key-exchange key. The key-
exchange key is also recorded in the netpage registration server database at time of
manufacture. During registration, the pen transmits its pen ID to the printer, and the printer
transmits the pen ID to the netpage registration server. The server generates a session key for

the printer and pen to use, and securely transmits the session key to the printer. It also transmits
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stored in read-only nenory in the pen and in the

net page regi stration server database. The pen 1D 61

uni quely identifies the pen on the netpage network. A

net page pen can "know' a nunber of netpage printers,

and a printer can "know' a nunber of pens. A pen

communi cates with a printer via a radi o frequency

signal whenever it is wthih range of the printer.

Once a pen and printer are registered, they regularly

exchange session keys., Wienever the pen transmts
2 QPY P? Spssion Ec“s‘/ pHfEYPisd; hithethe peng kep- f@ﬁdeaa'ge Keyk Tihe peiptggasjeres the
sesS106 kY in@dndll§] MBexbd 8y ARAAPD] AHdQraB 8SiE 1R e&%ted%ﬂio‘heﬂey to the

ink is never transmtted in the clear. A pen stores
per; dbe pestoreihg %?FS‘W?W‘%T‘?% lexed by theweintes Miexed by

printer |ID, and printer stores a session key for

ever yAlfhoneh ¢ fakg @Wscarh IREREdte PesdR thempen pegisiatien/erotgeol, only a
reall fénd@n Bobrypt fHeRbkBn REOFASRIEARAGRE biinttOr Session keys,

and w || #%rget a session key on a |east-recently-used

basi swhén dﬂ ﬂ&%ﬂf Yhre £ FenRi€ Frst AIRErN fthd &F lflfi’i&g%sé){mtﬁ it is
en an rinter discover whet her

rinter, hey
m%ﬁ‘dwa M- h"* Eﬁgﬁ' Fed bt Wr@xne@ onentis ooz ke ketused t to recyiest and fill
in h&iagR kOt AN p@@?&ﬁs@a(@ﬁfo%@tt@ Bloistdr al ow &Qp%ov%ﬁgh R 00N is
the pen. This mght be, for exanpl e, because the pen
autB@PféﬂE}B‘slwl@d:aPr&s aHRY Pe 1 apeyistineared to use the
printer. If the printer is nmeant to know the pen but
doesrfhe pepHises pacret-keyi father dlant blierkeyopreripgolp decause of hardware
perf& @i caisk@intsRE @egure. 1f the printer isn't nmeant to
know the pen, then it agrees with the pen to ignore
it until the pen is placed in a charging cup, at which
3.4 1 me gecurk Eobbﬁh@ﬁs the r eg| st r at ion procedure. In
cey- oiEnsie' wByR “Tenete a7 clin B R A Sriug i & Eets and
coupenrsO e detpa’getﬂmﬁteﬂ aichdeea felinsior }&Inlt Oateffdrks butthadlied®s 8o so on
t he

act ur ring regi rati on, pen
reapyss o Blishe “Q?naf? B E‘Yﬁ?[imﬁﬁ Plﬁjifﬂwr fdisas it ppority to
prifittvaiesifthrk Sintid @erfificutd, Which therinfteisRBR G fHilgnGEdat | on
server. The server generates a session key for the
pri ntrae “aacmpek’ bﬁntﬁ@%;ro@ﬁ@u&@@ﬁﬁﬂtbﬁnaﬁfeaﬂlﬂﬁ} tnfatrbhB specified
. SeSSIQn kI% % t he rlnt It also transmts
9 P&%?pga%?m A RIS OBAINKRITORIARS Peisanapk fegions

whicl‘il @ojpeide Svhk® Yriftsd hﬂﬁgﬁth&eﬁ‘lam&%eusgd iNb&S arkll KRER %aée@’ewatermark
session key internally, indexed by the pen | D, and

regiops AE fietignet i Profese At infgrt %rér§§|e8fﬁctw€5¢n ths regigns 352 piewgtweether,

achRRBd 55 106188 MPRcA®S phiMBd 4R¥. i nternal Iy, indexed by the
printer ID. A though a fake pen can inpersonate a pen

I n t fI\ﬁe Bt fsQ@Ghifk EAd WABrRHO AR lit.is RN BibRe wheAdbokREAt 6P one
pt the session key transmtted by the printer.

SldWéPP Pci‘g?x PRY SRS e e RAgE stcapisdibprammpkingans: st

registered, it is of limted use until it is
Pages of secure documents cannot be copied using the built-in netpage copy

mechanism described in Section 1.9 above. This extends to copying netpages on netpage-aware

photocopiers.

Secure documents are typically generated as part of e-commerce transactions. They
can therefore include the user’s photograph which was captured when the user registered
biometric information with the netpage registration server, as described in Section 2.
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linked to a user. A registered but "un-owned" pen is

only allowed to be used to request and fill in

net page user and pen registration forns, to register a

new user to which the new pen is automatically

linked, or to add a new pen to an existing user. The

pen uses secret-key rather than public-key encryption

because of hardware perfor¥ance constraints in the

pen. 3.4 SECURE DocuMENTS The net page system supports

the delivery of secure docunments such as tickets and __ .

coupoRsen PieEetird) pidlye Bt Betpagh Cociest athe Jeqipipitycapgverify its
aufBértidtty WRkRLEBhK fs sthitld inht Lsu@hv¥y. d8e SRqRND 600MESE dbduditht is

ublishers who are suitably authorized. The publisher

onlynyiid fpke e fifstimg, oh drei dopumesit, Fidi seeuraeioatipgt ks prs aliogated non-
cotBubisly ¢ tRevedhitel bREicHH 'B& S8ppbRurBiic Ofckdrs. A secure document

aut henticate. The "watermark"” 'printing process uses an
verfiiqatiomippnicorebadey plapedrrethruidt-infecspack ion iveséficationafp dureme kupport easy
ponEHLRERn@Hiont dd€urRAYGeriBARK: t O- back pages contain

mrror-image waternark regions which coincide when

Pri nt@ghty TRGHH} {HET wiBaHC §Sr URE isbes 3&%@&@1 S Lecure in

pages' watermark regions are designed to produce an
cryptegeaphie sense e Tedyf swplyvitevide heignidghmmbstagle ty icesneldforgery. Online

- g . . I .

o8 Mo B AL ENEN Rind OREFOh BLEYRRIAEN AL R o sepury
whers itipneededs bufliestiinehertiodk inmgung to fordeyieone  si de of the

page, and is | ost when the page is copied by nornal

nmeans. Pages of secure docunents cannot be copied
3.8si nNAQNBEBURIATION n net page copy nechani sm descri bed

i n Sdttthonetfagd sphan,efornThbubnfitddelyd gsetsOare AplveR@ 1RRAHMAGE Sorms
halfdé}ﬁn%}glpa[ar Segrgi\é\%#tgrt ax Qoéooégfglfpgée? ﬁagggmc g rlg g%ﬁgg o;esimap(r)sesible for
recipicibSaedpuding delMagy can therefore include the user's

phot ogr aph whi ch was captured when the user registered

bi ome-¢dntindrétf gk MBits MBdahiolgh e s AY Best@d S B&kib A, are also
. server, as described in Section 2. NPS065-SG 56 Wen
impgssibla fgrdhe Ry sere £Pudittey ¢ net page docunent, the

reci pient can verify its authenticity by requesting
4 its %égtus in_the usu&b way. The unique |ID of a secure

* documehETRANIC GAMPERSE MSDEL: the lifetime of the

docunent, and secure docunent |IDs are allocated non-
4.1cont iISEGUBE FYEGTROYICIRAMSAETIEN (SEF)edi cti on by

OpPOIThe MbtpideGydtart §&k She Fecore Bldcfodlo TraBition (SBIT) bysteat ds@ie of
its g%q%? g%ﬁ?ﬁ%&ﬁ %ﬁi: ﬁ '161%, gme*te% hdggegé%%l tt:yglgfgie;grggr Cgldo\rf]isa, is organized
aropill pAymextcRidg Sedihalii AftedQrM IREmMRIbdyl HakdveF) much of the system is

independent of the type of accounts being used. Other payment systems may also be used.

In SET, cardholders and merchants register with a certificate authority and are issued
with certificates containing their public signature keys. The certificate authority verifies a
cardholder’s registration details with the card issuer as appropriate, and verifies a merchant’s
registration details with the acquirer as appropriate. Cardholders and merchants store their
respective private signature keys securely on their computers. During the payment process,
these certificates are used to mutually authenticate a merchant and cardholder, and to
authenticate them both to the payment gateway.
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Clearly neither the watermark nor the user's
phot ograph are secure in a cryptographic sense. They
sinply provide a significant obstacle to casua
forgery. Online docunent verification, particularly
using a verification pen, provides an added | evel of
security where it is needed, but is still not
entirely immune to forgeries/ 3.5 NON-REPUDI ATION In
t he net page system fornms submtted by users are
delivered reliably to forns handlers and are
per si Bt POt Y5t hash ddoated widede page besawss cardheldsr saintqnagoeg of keys
and B&HifRs Qs boRRSRH BhRledsoie. IMRAIMNCRRELS: WRcH RRMBEALfdholder keys
del ivery. E-commerce paynents nmade through the system
and, eeriifiratey op a gerver and givp dis cardhelder aggesvia p prrswerdbiree megiwith some
sudcBg®. payee to repudiate. 4. ELECTRONI C COVWWERCE MODEL
4.1 SECURE ELECTRONI C TRANSACTI ON ( SET) The net page
system uses the Secure Electronic Transaction (SET)

4.3Yst gpppaitnTef 1ts paynent systens. SET, having
been e d b sterCard. and Visa, |S organi.ze
or oo R R MBS e ks BMon e3P ahstos 8 DAY 1 netpae

usdr @rentha odrdigpider HoWET @rymemigimsadtiohdie systemi s
i ndependent of the type of accounts being used. O her
payneftie syee sptemyseal bimndudes Uus edithedtivaSHle usaraib autiens SET

S NEC RN T AN A TP

nd are’rssue
corpistihg of thhgviading penkg@yision dldepreseiirt A Fiigdrgrin® blomefricteyn also be used
erifies.a cardholder's regjstratiqn._detai wth the
by diepinetiBeo Rt ST (it S per 2Ryt A IVEhEECaRl FBs BRe i bigmetric
uscleglysitfees tho bapd@t af the bidinkiiic | 1€ tha @aHHbrARfioSpRRRIE HR sy M€ -
Cardhol ders and nerchants store their respective
pri vathe fisdt giap toliethgloBleSo SARLISET yaydidnts et ool ol BErSs biometric

puring the payment process, these certificates are
Wi g BN S0P QA S0 1 rrap G Enamens for cxample o
barkavH&re kieiom@né cdnbe @puRa Nt theahBe HRE W BRtBertsQdddi®, is verified.
%nenl.gatema . NPS065- SG 57 SET has nptﬁget beeq
ThE BSBERE SFHEIS Sndored o et oa BB Mk rLicrbe HeRe evcord.
Th®#iseK & pifotcdiiihh G140l cfpti&_ﬁilﬁ SaptifteCARInREIS thePLloHE RBOSEF cardholder
Interimsolutions which maintain cardhol der keys and

regEEROn recEes cOmPlstedetnddhe ftblting pEvahugerel ol ey cortificate are
storR GEHS difaPas® THE SSAMAPyHAY SarliBittorMatibn %Qﬁ% s%o?éél? gﬁﬁlﬁ 1he4ilea3age
g

SET_PAYMENTS I n the netpage systemthe netp
TeglSERiogt eaNer GRougdr ipfyrmaians tog act gaspihe ugerfso proxh én riay e payment

transaction.

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

completing the SET payment transaction.

4.3 MICRO-PAYMENTS
The netpage system includes a mechanism for micro-payments, to allow the user to

be conveniently charged for printing low-cost documents on demand and for copying copyright
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user (i.e. the cardholder) in SET paynent
transactions. The net page system uses bionetrics to
aut henticate the user and authorize SET paynents.
Because the systemis pen-based, the bionmetric used is
the user's on-line signature, consisting of
ti me-varying pen position and pressure. A fingerprint
bi onetric can al so be used 5%y designing a fingerprint
sensor into the pen, although at a higher cost. The
e of tric used only affects the capture of
dof nf5; P?SEEIY 5r o e walle wasri to dei Tenby b & sexpgnseshiacurred in
prifitifil RARrtiSMEmAtbrhiS I THUAR: §eRBioR %ealg\}eﬁoit AbsiBKrealy provided to the
paynments is to register the user's bionetric wth the
USHhet pagc registration server. This is done in a
controlled environnent, for exanple a bank, where the
bi onet h§icthe aﬁerbféglatarﬁtfarr BEOMPCEh o BeAwerk tapepuntis established which

agdt&dfes idrd PRirhdnls. T B thdeivbla statbiEnt Bh QMR la} Gasis and can settle any
captured and stored in the registration datab as

Ou’lsﬁamé’é%jdqbﬁ balagee ysiag the siapdagt ppymentiieechanism. s phot ogr aph i s
al so optionally captured and Iinked to the record. The
SET chedrBiodetccoung gincherextendsd tp peasessts silbscripsiop|fess dof, peeipdicals,

whidiSvdu RSl B iR BeMRLEntSd QRRS dikEin lﬁf&fmﬂp& el Etgtgl]hgn .

are stored in the database. The user's paynent car
information is also stored, giving the netpage
4¢[eg|qmgggh@p0@§rver enough |nfornat|on to act as the

user r.0x pa

user vzl\llée%n ft Gl rIe?/ueats % pf§P Es % g“ﬁf% ta?"ocoggﬁtp%{’\gtagplgamn 18
ablp &yengiret] 2 ub@+speifanphectidyiDss Sgnithegpage. rsebqe@gﬁt iapud etirodghthe page

t he prjnt securely transmts th rder information,
s i B B SR Rt bRl bt Bl Sy opriace
comt@g {8 theaisértyinger ver. The server verifies the bionetric

with respect to the user identified by the pen ID, and

fromwheninpo: acduss dsodehiea Yags 'whiddl @XNoti ker-§REML.ChéwAGer, the

he. SET pa nt transaction. 4.3 M CRO PAYMENTS The
sPRGHIPEGR RS O 1SR (RS eR @bl oy context. A Typical example

mvmvéisfzﬁldmg)ﬁﬁﬂﬁlerm alpfe-prirt@¢atall pas@to thdusePVIRAAVEHIpSIRE Latt”. To
char rlntlng Iom&cost docunents on demand and

profegt thg d‘ﬁ?ﬂ Sn'ﬁ“’&@’p PFERE thamwagssused B 80 kaeyeutnethe getpagepystem is
preR@fhi Rt Mivalee®1d @pﬁéaﬁ@ﬂy TS isUS PreviR diFRrdn® hypRbdtRE gr(fvﬂfers from
Xpenses incurre printing advertising materi al
e“ﬁ%@“F%FW%F‘ﬁﬁﬁﬁﬁﬁga%ﬁmﬁh@dP@Wépﬂ%ﬂm%ub5|dy al r eady
provhggd to the wuser. When the user registers for
e- corer ePass TREURAHPK S§velo ditftead smanfpig | 4ns ARABYRNSc Felationship

betREGI L¢ket £ amaﬁﬁlﬂ:aﬂﬁlwfﬁ E‘hﬁnqueﬁlﬁs U 6f, 2 ?ﬁ‘(ﬁénvﬁ%rg%re 24. Whenever
statenent on ul ar basi S and Can settle any

thed'a%rs%waqs@ya@mﬂf 8t the S Tagipteradd a§tlb!ﬁ@éh@jnq§m%¢reaﬁe server
askE R BRIph@ Pegistration server to translate the associated application ID 64, together with

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

The application maintains state information indexed by alias ID, and is able to

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

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

using only application-specific information.
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The network account can be extended to aggregate
subscription fees for periodicals, which would al so
ot herwi se be presented to the user in the form of
i ndi vi dual statenents. 4.4 TRANSACTI ONS When a user
requests a netpage in a particular application
context, the applicationis able to enbed a
user-specific transaction ¥ 55 in the page.
Subsequent i nput through the page is tagged mﬁth the
transacti.on I D, and the a?pllcatlon i s therehy ab to
est abl 9 EASHRC B5I5POPrPUE Pradysfibaxgode SPPER ok éctwatms the
systeiPebordYRRortH BpplicAoE Uh SetaliToP thg Rised fRAGE nHMeE B produd pes
user-specific, however, the application nust use t

user ' EachiNipglictib amtds:to)élatea &k all hsphcAich Opb@Ysr, afld the system
i cal exanple. involves adding itens froma
aﬁ& DA AE Rl ey’ pay apnligation @rtyicsr. qalay i {pagredit and debit the

proviElPRPLING-tEBidh feest®. Protect the user's privacy,
however, the unique user ID 60 known to the netpage

syst e hﬁ)llcﬂfoﬁf;@&a@r Xan @t aGuylkheese ﬁ&lo&eﬂléuﬁs%béanéomem The
This is to prevent different &pllcatlogwgrOV| ers
systgmh pReodadirg YseEd BNgReF Y Tepriwpp dubietiBed publistipatasdvell as the

emgag@ﬁ%@kghwq?mﬁmmige netpage regi stration server
i nstead maintains an anonynous relationship between a

user and an application via a unique alias ID 65, as
4.?hOV\ﬂRES@UEbl n&%@ﬂnow.@ﬁlﬁﬁgbvméhﬁ USS{ ac: i Vglt SS at A

yper regdi red' attribu .

et pay bR ORER M Bk Aoy EREIRE Hons by it i
40server to translate the associ ated application I D 64,

together with the pen ID 61, into an alias ID 65. The

al i afatibdpaintehte ands udmgnt tobjtctt may Ibe daypibed bplons or more resource

n. The a i cati.o n
e E R, Rhsou e 2By Frb B e BRu G Betagoa clement st
whicBt is | devignadster fasibierd fdiscovstyabe elettfamidTBdsbi@tes WDkibIg Core  metadata

°°f§‘ i ed‘ﬁf 9 rﬁﬂﬁf"g!"ﬁ@ Sﬂl'l gﬁﬂ*ﬁ%@\& fﬁ%ﬁxﬁg slfﬁsera:tﬂ@n Frgmework

(REFM@ﬁ&ﬁn&h@&%&ﬂ@ﬁkﬁ%n%ﬂku&ﬂch of a user's
applications, to allowit to sign application

t r ansactsoonmes deferipabialniayofideitdte dih€s hold&h MR0OMhY netpage system
i nformati on. NPSOGS SG 59 o]

atlo eci fi
aut%*ﬁ@}%’? 5‘3@9&‘&# ipes BOmiRgS i Beticholdssy Wisggerp ept) copyright
cmﬂ@mperllnk" activations, the systemrecords a favorite
appl i cation on behal f of the user for any nunber of
product types. Each application is associated with an
5. appl iCommMuncATIONSI RRaTocansl t he system nmaintains an

accoun Eorﬁlﬂuljﬂﬁlﬁ@h; fbftocgla gé}'glgp Rhi o‘f‘&trécp onﬂ%%\é i tgeﬁlesscjlggs between

allowit to cred | and pr ovi
entigies. di -thh nddpagh shygem, etigies mhaipp:lena: axln@ns pdoseiveesr utdian abset of

defRe@ PRI SIOR coBferREE AT flse SHRASERGEh GORLSE systne

Each protocol is illustrated by way of a sequence diagram in which the horizontal
dimension is used to represent message flow and the vertical dimension is used to represent
time. Each entity is represented by a rectangle containing the name of the entity and a vertical
column representing the lifeline of the entity. During the time an entity exists, the lifeline is
shown as a dashed line. During the time an entity is active, the lifeline is shown as a double

line. Because the protocols considered here do not create or destroy entities, lifelines are
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systemrecords the user's willingness to receive the
subscri bed publication, as well as the expected
frequency of publication. 4.5 RESOURCE DESCRI PTI ONS
AND COPYRI GHT A preferred enbodi nent of a resource
description class diagramis shown in Figure 40. Each
docunent and content object nay be described by one or
more resource descriptionsé®42. Resource descriptions
preferably use the Dublin Core netadata el ement set,
which is designed to facilitate di scovery of

ge‘éelraé@tclu P 2% 008 it LSty [SEaSPS 1R PadiciRatidr 2Rfatosel conf or ns
to the Wrld Wde Wb Consortium (WBC) Resource

scrd ption Fr wor k RDF). O her netadata el enent
S%ets %‘%?CEETE@@:E&-'VERF@&WE@- description may identify
ri ght4 pighirge prybaioent Phresuhesriptignedeliyssy protocalis sromuiic Bilghry 43.
transfers copyright fees fromusers to rights hol ders
when Aderes npnbattol gy miayhaubscoibs tae atperidicabEvhighlli @A Fr@NGser’s
] : ' ' 3 fine n ordere
oo BERCPEL o OGS 16 25l LEHHES ol 51 e
as 4opd tabjpctseandi iniage obigcth. Abe pebssriptioni delivery rawiccod eherefos delivers

|l d t. of. ined.protocols cooperativel v .
dopthich| 5@ ¥ Bl PARRRPAMBEE b SR EPRPE) Bl v
mufficastocol is illustrated by way of a sequence di agram

in which the horizontal dinension is used to
r epr ederiprliveenge. pibbivhegnitst dheainses tivabalentdDnEintir @#chi dcument
S tine, Fach enti i.s.represented
el ot 15 S8 st Mo SR Rl P
pagealesdripiibns, ©dhapage s@pardSaespousipld foe thei doelmene's adwli ARocated ID. It

. ity. Durinpg.the.ti an.entity exist the lifeline
incfighd 1 oult bRl TR o rep o SBm D B b enippd et o
multgasi chanue naméseltsighethe messhge 1Bing i paatesighatbd ley. | | ne.

Because the protocols considered here do not create or
dest by peg setvieeases thefapplicats Y sd JNRIVGG-0B@iBRom the registration

enerally cut short as soon as ap entity ceases to ..
serRL A rrpskpitng e 51 o Beper 8ot Sosabeetp b4 R Bmy esiicity
seléRATOOGhe appliehtins o€ naptRdineaREr O ficfauls phaen, fid @B application’s

rgﬁlivery protocol is shown in Figure 43. [|arge nunber
crff°affsers may subscribe to a periodical publication

Each _uyser's . editi may be laid out differently, but
rany 178 APRIating; B GaIR A e PREC SERYFRA YER (i i stgstfignature.

Thégagh eatierBhé@edt So RO thelsTRAN sOREEBASE thd BFpIRARBADIaRY LIRS ID don’t

del i.yer. rotaocol therefore delivers
togetﬁer 1Xent1%/ apSlIbSCI‘lpt?OIl 808.

The page server then allocates document and page instance IDs and forwards the
page descriptions, including page IDs 50, to the printer. It includes the relevant set of multicast

channel names for the printer to listen to.
It then returns the newly allocated page IDs to the application for future reference.

Once the application has distributed afl of the document structures to the
subscribers” selected printers via the relevant page servers, it multicasts the various subsets of
the shared objects on the previously selected multicast channels. Both page servers and printers
monitor the appropriate multicast channels and receive their required content objects. They are
then able to populate the previously pointcast document structures. This allows the page
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docunent structures to individual printers via

poi ntcast, but delivers shared content objects via

nmul ti cast. The application (i.e. publisher) first

obtai ns a docunent ID 51 for each docunent froman ID

server 12. It then sends each docunent structure,

including its docunent I D and page descriptions, to

t he page server 10 responsi® e for the docunent's

new y aIIocated ID. It includes its own application

| D 64, he criber's alias I D 65, and the rel evant
seiygs toopad (HEpATE G AGUERS i (aibases, i AR PR ariissiageint the
dotiGheng. 1 LS prlvate signature key. The page server uses

the application ID and alias IDto obtain fromthe

regi stration server the corresponding user ID 60, the
5.mser'mmLmtmlvwrﬂoNtFmeao§2 (which may be explicitly

sel eCA fefn%ﬁ eﬁlgtﬁinﬂaﬂ éf gﬁ{g%ﬁ}lﬂk Fc(e Fﬁg: (,Qgcoi H%hc#%f& Fz%ure 45.

defaul printer cer

The aWR%ﬂ £kt aﬁksc‘oncaeﬁettﬁ L Gah & n@tkﬁg%l?% éttlpegpeg %gl%mﬁlﬁcaxes the click

to verify the nessage gnat ur e serve
to the iepsest netppge hunterdil sThea:llcloldeméiewéle phgzi ahd a idcatidneon the page. The

: t th d tif
prifRE A s g 13 ol B kot B8P cophBRBL e e Y
docu”ﬁfgtp ﬁ]lﬂeg d@!%lglﬁ?ésn%BQﬁ] 5NJSDﬁ158 %@frlgt[t etrs%%f Ithe: pa & rgcg'\?er 10a

descrlptlons din e primn
handling fiel padéeslat h@erI@I @Jé’hb a@ess afay mlteddydsit its cheherifthe user has

t:o |i.st . h ] .
rec@ﬁgqﬁte{ﬂgt%d g{[ﬁ o a a'rga g’lgle Ipi':@telie tﬂer} %&wa&é)sptfu? %egtl")glﬁffu?r“glfprmter ID
62ﬂhﬂm@eﬂm@ﬁhﬂ@hkemmnﬁhmepuﬁeaampl|cation has

distributed all of the docunent structures to the
subsdﬂiebmgs sevel émtle thep paget ésariptiba X Iit&nﬁféddehgamlﬁe pagelD and

It| asts the vario ubsets aof _th .
R e A A S RS (R
clembdrine hﬁ)er]&ktel'emﬂlg@%‘ﬁé yadeSe@BCth@T dbtdiey the asd@udtéddpplida€ion ID

appy. jate lticast.c | s and ve their
o4 BRESTRDL % Snf B8 et b Do Aok ariGrsaasing sppcaton sever
hogoiagthe apdichdive r evi ousl y poi nt cast docunent structures.
This allows the page NPS065-SG 61 servers to add

conplTat pagtaetveemSthe @erd MMEGIr tod)@faﬁlbtﬁé ESresgdink ﬁJse@ |I]b @W$rom the
cunents. 5.2 HYPER

the.printers to print the I NK
reSREH PDATVEN 1%&%@&09% raé%"@? S B vt 13,52 and builds a
hy Ry R deijurit eazs; IThatHyp&lifl e |cldss dmbBaWNisl thotrh OHIBgd® 44. The

a use icks on a netpage with a netpage
hyn\é\ﬂ@ﬁﬁwe% ihedPs of flﬁée‘EF?rt'é& user gng Préltﬁe@xdé nt‘ﬁ%ﬁttb%@é’ked

hyﬂ%ﬂinﬁﬁﬁfm@@& TikEpagt ke@‘ker klﬁﬁ Bdrid§ iteSwi eveP #9633 hyBerlink request
gatlon on the P %
ID, and the link ID to the applicaiion.

The application produces a response document according to application-specific
logic, and obtains a document ID 51 from an ID server 12. It then sends the document to the
page server 10b responsible for the document’s newly allocated ID, together with the

requesting page server’s ID and the hyperlink request ID.

The second page server sends the hyperlink request ID and application ID to the first
page server to obtain the corresponding user ID and printer ID 62. The first page server rejects

the request if the hyperlink request has expired or is for a different application.
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printer already knows the ID 61 of the pen fromthe
pen connection protocol. The printer determ nes, via
the DNS, the network address of the page server 10a
handling the particular page I D 50. The address may
already be in its cache if the user has recently
interacted with the sane page. The printer then
forwards the pen ID, its ow printer ID 62, the page
ID and click location to the page server. The page
server Ioads the page description 5 identified by the
page 1hS ssrrid mags evYR alecatip idewmeﬁ*p@ftméﬁ@ﬂ%mgesmfoﬂyqereegns the
newly AMB¥ted fAge Mhsi t6 khel dpBlicatibh, aBSHEEIADIdD EochBERYSRE ol BMbbase,
element is a hyperlink el énent 844, the page server
anq fiealy senda fhepagarescaipionsitathe saapsing RGifon 1D 64 and
l'ink ED 54, and determ nes, via the DNS, the network
addr e hyperfimeingtapseinaytindulesemeainetih irensaptipntIReSS, in which case
thePRRl pGRELOG idciddes TR RERBoS RS ‘iﬁeﬁle %?s%gé &‘ﬁt R)etﬂe biy1RichOThis

obtain the corresponding user 1D 60 fromt
allowsghe enphidtion tcsﬂﬂb&h afransagieh- apn@ﬁc eintestlar ts haaegludstaamyon
uni que hyperlink request 1D 52 and builds a hyperlink
requdé ﬂ‘e}éBDFrhlﬂ‘ITQQWﬁ)é Bfor aliasy ey ife Saliag feguitedd pigrdfrutanis s, then the
first @g\@ sérOer e Gotthe JhieD BY RRA ltﬂenh%{eﬁﬁik%saﬁagﬁ&g&{ fs 6t4h1% the
the requesting user and pri entifies
Te&ﬁﬁéﬂw jepieed] thgltain pptikstithesesante C%ﬂponfme tpthg wes &P batralso the

ah%sgm%gngﬁoﬁcfj . QU B4 ehgmﬁfmc bt F})ﬂn %P@E}Lhé@ Knd AYES n the
mesgagd fentp itherapplications eldoveng te pmmns@lod ¢ eptrbhish sauscmpdéifigedntext for

specific logic, and obtains a docunent ID
ﬂwé@ﬂ%hﬁé&h&ﬂ ) server 12. It then sends the docunent

to the page server 10b responsible for the docunent's

5.q1ew Xiﬂuh‘k%%c?gs&ﬁsm‘geﬂﬁﬁ%ﬁc‘mth the requesting page

serv uest | D. The second
> oo Wash Asperdiaua THLE Y parPISE ACEEES T (e gen communicates

theaRpltel t6 Eein@dtedt bethae bhfted. Th& trok® AGMi RS the ?Egeta@d Q?&tﬁ o tHeH8ge.
corresponding user ID and printer 1D 6 The first

page TS pHifiter fobj£Ed the pdnI® d1SHLSHE prirterTh &2 MOBIk KO and stroke
est has expired or is for a different appllcatlon
Pat[\lﬁg‘g%BagS@ae"B? 107ibe uabyizy- page server allocates
docunent instance and page |N 50, returns the new

al | oCAf eRfepagen [opss s pate despsiptienS slntifiedqly tifopage 1D and

det6r@Hiids ShechdRsid BRMEnt tsQohd 58, ARy, AR ARRS BuersedB da i@k ke relevant
sends the Page descriptions to the requesting printe
(<}

inpyhomipp &rd TeRkiisih §tEa heeragmeryen apriads the pEckR e daxt field’s digitl
inkt ransaction I D 55, in which case the first page
server includes the transaction ID in the nessage sent

to t eieRRplricadt hﬁ&m% M fhe zéHeloPUR tdxbBoIARRL ﬁa%@gér% sdn@s the pen
establish a trarisaction-specific cont ext

D ﬁ?‘bg’ﬁ nepding strokgs tq Hhe registration server 11 for interpretation. The registration

server identifics the user corresponding to the pen, and uses the user’s accumulated
handwriting model 822 to interpret the strokes as handwritten text. Once it has converted the
strokes to text, the registration server returns the text to the requesting page server. The page

server appends the text to the text value of the text field.

54 SIGNATURE VERIFICATION PROTOCOL
Assuming the input element whose zone the stroke intersects is a signature field 880,
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If the hyperlink requires a user alias, i.e. its
"alias required" attribute is set, then the first
page server sends both the pen ID 61 and the
hyperlink's application ID 64 to the registration
server | | to obtain not just the user ID
corresponding to the pen ID but also the alias ID 65
corresponding to the applic&ion ID and the user ID.
It includes the alias IDin the nessage sent to the
plication, allow ng the application to establish a
elPaagff segysh L] gApgnds Hﬁtsgﬂlfﬂf’gie sighpfarerfiples digitak inkct i vat i on.
5.3 HANDWRI T1 NG RECOGN| TI ON PROTOCOL When a user draws
a st rioiE agisriod lpRraNEY i thezope wé s sig@atyesr{ield, fthe psge server sends
theGRAMDIBI &R 188 penti@ s@EKeOWaNd RaikiRRioN @A fASEMRABon. It also sends
printer. The stroke identifres the page and a path on
they apgligatigre D 64 wopRtrhwh thedpimpldshieh e signatye figldyis pptgs well as
theO¥fn BB 5B LAT the PuBed diehCoRRY6F !hpfégl @Héjre%fsfrﬁiﬁﬁ se@lillertiPes the
the page server 10 in the usual way page server
usqr gersPendénziades RresEdiyses the usrs duintie pigrpisy biometrisaid 8 te prify
t ,
o B B M oMY ATR e S, B s
useélﬂeqmﬂwat@n dDt6dxand fuses| 1D @7®, ldelhléy ﬁvageermlecratlalppmn@s private
t f
sishlihe 367 0 ol St B Kp Miache R & Sl Sl of S forfiffpnd reums
thetdwtabag@hsember reg@nfdg naeesep‘e‘n Thi pageantdelt asdgsakedigipl signature
to tl’l‘a% tgignlfa%ﬁ‘e h&d.%H@seiﬁﬁée%&c%éd%nfﬂté{rﬁé to'frokert, O

rpretation stratiron server identifies

212 gu % at egmﬁh an &St&% d gﬁﬂ’gﬂ; %(g(}nlhé P%ﬁd‘hgﬁsef s dfiows

asmglemoa@twanmwmetltsern summresmce it has converted t he
strokes to text, the registration server returns the
text to the requesting page server. The page server
5.5 ppeMPRM FIBMISSION PBOTOROL ext val ue of the text field.
5.4 3l fRIRFLIREmBAIMdnt 6 TofNsUBRGIE O Btot BB Mo if RRuleABUL
el ement whose zone the stroke intersects is a
si gnalotth eubimiglcdl B8Rs via NFSROBPSEB&tivitha. PAGS fERWY &l philocol
ﬁ‘e}‘ﬁ ends the stroke to the signature field s digital
In Sgetiny 5% RsPBE fum-sperfic 49015095 i n the zone of the
Si gnature fleld the page server sends. the pen ID 61
and t’ﬁéhepcéﬁ'd?fr?g 5 Dy pegin @Etlweer}lelg?%w%Ieﬁﬁsaeef%.by {he page
serb @10 V& ihe faﬁgﬂﬁ&ﬁdﬁml alsb cBhtSiRs 6 A IDIFBARRR|chGdht 1AD cdnnbAf the
associated with the formof which the signature field
formg Iy the tformy gonfainy anyssighage figlds, then g @ﬁb@a? I verifies ggh onc by
extFhRif: tﬁ@ A8 M 69 hssbéifted Rlththe -Eblgesb@lﬂlﬁr%tcﬁéifal é?éhaﬁl% Mﬁrobtammg the
identifies the wuser corresponding to the pen,
corceee,ldtﬂﬁéeraﬁeﬁe o theaegisradoryseaetitle bi onetric 818 to
verify

5.6 COMMISSION PAYMENT PROTOCOL
A preferred embodiment of a commission payment protocol is shown in Figure 47.

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

of the printer.

The hyperlink request ID 52 is used to route a fee or commission credit from the
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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 formdata, and returns the digital signature to
t he requesting page server.%The page server assigns
the digital signature to the signature field and sets
t he s ci at e S sta us to frozen. The dig
i GRARGIE PHEKHE Eite P1oraD) [oLihg5o5Fe apication plovider 700 Gic.
publBhéry, Slﬁd)ﬂd“h i suseE applittitin plokAWST0bdo i PEASr frovider b0
capture nmultiple users' signatures. 5.5 FORM

SUBM 158! t@lgeﬂaﬁgmﬁ& re%emseﬂle msrpamgmqahsm tfroﬁhf tha pﬁgy Brver 10
is shown | n |

Whgﬁgﬁ@ggfr é‘Efd .agt“@fea 3 #&r'.tr?%g}ap%ﬁqlan% aWP‘i“vtB? faeget appication
neddd ¥ crlo@it HHRWBUrt Epplit 1ol GRIvideslaf deR@Tihé BppHstioh Provikied credlt to the

with sone formspecific additions, In the case of
origigplpagR s5ever fogrtherpith the bywerlink reauest IR, Jibhe prge ﬁ@ggragg@ tb%hﬁperhnk
reqa¥st N RSy th§ Shu¥&la Bﬂl@:aﬁ&h tulteseARRhd Gadil @No b r@bwRt registration

contains the form | D 56 and the current data content )
serggr Ll Hegetiop with thef sopiee aprictiond Rt s owimgerear g g uand the hyperlink
reqfués@ |IgSThJ ﬁ%ﬁtrﬁtnﬁ S@ngll bedls RO cé(r%sb(f a%ﬁl‘ﬁ!ﬂtl&ﬂgropﬁ{ler s account

extracting the alias ID 65 aSSOC|ate W th
82 dralsoywtifiesi thrpraligtiomprovidenat ure and obtai ning the

correspondlng certificate fromthe registration server

11. 3f Brecorigatss) eRvidyeedqTto Pm@mmrnn@rmr@fl@nrléaends the printer -
profR R AR B theoris amglo[ﬁ@ &l ﬂﬁéfrﬁrﬂﬁ R q%es? Ii‘]9‘~§13 page

in Figure 47. I'n an e- conne ce enviro ees an
serpesritess thie diperhimly reeesp Hy &b identfy ghe alrmteraplgd Semés thgreredit on to the
rel&raﬂtvlleg@ﬁ'aﬁtoﬂ s@rv@ruggétﬁé?e\hﬂ'pmn‘%rﬁl&kgﬂbh’i’ﬂ)éjggétratlon seryer credits the

transactions and Ssions on Crees and

coreespandigipontsr wavideendossifdhs may al so be payable from

the publisher to the provider of the printer. The

hy perThe skurce grpdisation [Pré2der gs o;s@dalbfmqtiﬁad ef ale fidamtityr of the target
appq nggn%%tv?%ﬁ %%(?%1{/#) ﬁtgro%\;@e? of MP%%%%E ? )sou{ce apahcatlo Lprovxder

appllcatlon provider 70b (i.e. publlsher) and from

t he ' wProvider 70b to the printer
6'prov?ﬁHﬁ£§5§a$PE&?gtg§t appl i cation receives the
hype request ID fromthe page server 10 when the
&1 .‘%ﬁ"ﬁﬁ

ype GHANISS st activated, as described in Section
5. 2. Refrering teeFigaeg@ and Apthe ean.i gsneralhedaignated by edérencememeral

t
1015%'1@98 2RAlsix g%& Bleg E&e}w %ﬁ{;aagn%? ﬁ.&ﬁlgﬁag %Lkﬁ@gﬁk 'olg)g tdﬁ@gxng an

rovi der cre I na
mtﬂwor bpath E04Hyppmeinting thegu estpofdrs. Tlﬁh penpfag &05sie linvepreratioe sotatably

moﬁrngd Qty&g rehéi %6 of the housing 102. A semi-transparent cover 107 is secured to the
opposite end 108 of the housing 102. The cover 107 is also of moulded plastics, and is formed
from semi-transparent material in order to enable the user to view the status of the LED
mounted within the housing 102. The cover 107 includes a main part 109 which substantially
surrounds the end 108 of the housing 102 and a projecting portion 110 which projects back
from the main part 109 and fits within a corresponding slot 111 formed in the walls 103 of the
housing 102. A radio antenna 112 is mounted behind the projecting portion 110, within the

housing 102. Screw threads 113 surrounding an aperture 113A on the cover 107 are arranged
NPS065-SG



request IDto identify the source application, and
sends the credit on to the relevant registration
server | | together with the source application |ID 64,
its own server ID 53, and the hyperlink request 11).
The registration server credits the correspondi ng
application provider's account 827. It also notifies
the application provider. 145 the application provider
needs to credit the printer provider, it sends the

ri.nter royi.der redl to the rlglnal e server
to Rt Raneelliethpiette! fly Bebrinh forrestpudioe Sp trkaf4Serme meal end
picB€ [ MEE red®e5bld fdenitPRk biridgt RgMeStent. D to identify the
printer, and sends the credit on to the relevant
r egi sAlk@inb@tiedsRithiethe @l ek a\micbuoi fASuPLED t1 5 orib lexTPEB 117.
istration server, credits the correspondin
g el

RO EH 85 Sl B SR EnkHion | Biscuaugied at th

top oF t1@Heh QOBIok Yodaatliabduad viebilfie i dentity of the target
application provider, and the printer provider of the

i dentTeype®bant a&%&kﬁ@ aafnﬁhmqﬁrhﬁ% CH:R Y hifdi6s -a noP-marking stylus.
NETPAGE PEN DESCRI P PEN NI CS Referring to

Angplgprngartiidegd ¢ gith tnhé l%érhi BN sybisingnid atp meunted side by

51dE e hoMEI @ Eithdline idkClaHAES BbNoYISE 'ﬂﬂ: ds hiB 120Qan be
formof a plastics nmoul ding having walls defi ning

brogght fpryagd thequels persend 322 PNS btk jeeHd ﬁafrfotatlon of the pen top
105 RERRBBR Bder DIVRKLLA ah P24]£§mb§11téd'¥o %%@a'nﬁﬁ%\er Qis3h@QY s 120,

nmount ed at one end 106 of the housing 1
respesively-r Arreistebler gam bated 124 Gy s¢oyred de (theden &ppt HY in operation and

arrﬁ%@@%d ffaté ﬂﬁlre:mtﬁ @ﬁe LhepliRlSh e %cilqus I%ﬁ 1?9\{1? thef8ifn bPa stot

["'so of noul plastics, and is forne
Wltb@nﬁhe Wﬂﬁéiﬂap%th@ camtharrela Cainpfoliowhey 12anmn k8 pojetimg fsen slider

b]ot:l% I\QB W b ﬂ? fi tc-‘{rﬁltuﬁ %heocfa 4_12(%71% 2 Fﬁgzgﬂ}l %9 thi! c‘éulﬂ' bgrr{:lhl%a the slider

housi ng 10 e cover S a nman
blogksi IZA oz B4 mm feddtivg to eh pthamidrejbe eelml tlmienmﬁb i Beor stylus nib

[ d; A R/ n n
2E8h A e (B2 R0 BGL O B 13000G R s sy of
opaaatpor Bewparthalgp SDbihrollgli 98°cteps dhe thret btetesvarkl s 103 of
the housing 102. A radio antenna 112 is nounted
* behi g0 pbdRkattj ng portion 110, within the housing
102. Screw threads 113 surrounding an aperture 113A on
* the Divenridegd?1%nib 189 ownged NPS065-SG 65 to receive a
nmetal end piece 114, including correspondi ng screw
* t hr eNelighet ik carfrindze 8 @ib 1&halt gy sedes 120 4ibi 121 betrovabl e t o
enabl e ink cartridge replacenent. Al so nounted within
t he aﬁos;eeamd:lﬂbi ACB B9t isimanaled on 9h alkecteonicEPhakdi6 1 Inwhich figxvithin

o SeGe. SR BLPCR L b B FRLEEE: PR
radiatien ﬁ:erprd_;ébllofa @htogbe Quredcé. - At (udgd stiséi 132l i tpyovided mounted on the
second flex PCB 129 for receiving reflected radiation from the surface. The second flex PCB
129 also mounts a radio frequency chip 133, which includes an RF transmitter and RF receiver,
and a controller chip 134 for controlling operation of the pen. An optics block 135 (formed
from moulded clear plastics) sits within the cover 107 and projects an infrared beam onto the
surface and receives images onto the image sensor 132. Power supply wires 136 connect the
components on the second flex PCB 129 to battery contacts 137 which are mounted within the

cam barrel 125. A terminal 138 connects to the battery contacts 137 and the cam barrel 125. A
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The pen can operate both as a normal marking ink pen
and as a non-marking stylus. An ink pen cartridge 118
with nib 119 and a stylus 120 with stylus nib 121 are
nmounted side by side within the housing 102. Either
the ink cartridge nib 119 or the stylus nib 121 can be
brought forward through open end 122 of the netal end
pi ece 114, by rotation of tée pen top 105. Respective
slider blocks 123 and 124 are nounted to the ink

cartridge 8, and st |.us re pectlvely
thrpyal rggr e%éﬁ#tfm LY sis 5~1ﬁjﬂgl hecap Berrel 42¢ Hbcqg@ﬁt Vil thedattery
contittd) PAiadvcRéh @Rfkingdoll 3@ Bdndudtell Abdl ehelsB@ng Wikt PcB Ibﬁto enable
recéambarrel 125 includes. a cam 126 in_the form of

WIS Offhe ATy A9 Viadection Thsroid e kOB 429 albo mois an infrared

LEDO1 43 QY8 irFrated phaid@iode B14PhP QS hE glsﬁla&meﬁtl ih $RrcamaBEKD5 when
123 and 124 fit within the camslot 126. On rotation

cither they styRIamM 20291 Bp infosartridge 14Bjigawed Fir opitingl 718 oxer 1 gnable a

det@f%’i@atfoﬁ loftHe iBrek Beif@ab1Rh BEfhe SRTRE ) Al peﬁ'n'itﬁ Fxf9 & hB%”b 121.
nib 119 or stylus ni 121 out through the hole

The ffephatediededAd) dpfeastight fram tithiR Ty 14via eflectotsr(ea Shqvm) @s)unted

onﬁfesh&%foéﬂéﬁﬁancﬁm!Ur”i ng the top 105 through 90
steps, the three states are: Stylus 120 nib 121 out;

| nk | i |
car AL 1 BB e i POR MR e i 02

to asms@sr@nlejg the@gn, PaBtop 205 alpasingtnday a@lip & fanclipbing thepan tpsa pocket.
chassis 130 which sits within the housing 102. The
second flex PCB 129 nounts an infrared LED 131 for

6.2r oviFBENfePNTROEERRed  radi ation for projection onto the
sur f ate peﬁ\ﬂlOi ma@an@e NG déterkrdizt the psitivni afel niDGHIBHIOM1 or ink

for receiving reflected .
carbidie nB IOV, it o e T SPo B A AT e Teoeds thg yginity of
thealils Ot 1EaHN the Sochtshi dataf &6 UL MRHredt dcBtich3dg, alM] isCdrahg@ Il 88&u1ate
receiver,. and a_ controller

thegﬁitagtef%fit{* b Tebéw 1t Qf*ng‘lﬂ E’ﬁ@fo&tt‘i‘bdﬁll‘é‘f’g PRfs péhandggntroller chip
130tk eontRAIBCHipl BH dal QiR he dricaftioPbH €€ PerCa@ahe RibAStds Wiskance
sits within the cover 107 and projects an infrared

fropdhaRepineive Histortiog opeeved sn theriassr@8s | mages onto t he
i mage. sensor 132. Power supply.wires 136 connect the

conpSivaRelsdabnirem dhesloeaiion tag w3y me'edq santioh bitaingtaicying the pen to

actvRtiRCtaStivk eI (BiLis VR YR &fte WhddBi o thd1Gi-cIGMIERNTE! which
125. A termnal 13 8 connects to the batterglcontacts
[5]

beopmes Xeilewt Teencihfrpensiqtamingsfrom thenomne slacthg the ppacthat is being

1ma‘é@:!l Is ah @GHRE Gy ﬁu@ahtr{eﬁf)ry orﬂ-i%g s&'!fa%@ which Birfespdi@s AR actlve arca
barrel 125 in contact th the battery contacts.

of 7 bidtge or Bpedilhmgy ke e@@dqd tq mwatg thiv LD otiving b pser nfethe pen visual
fee&lﬁ@ﬁ’ Bt fuk DXt %ﬁ&hﬁl@ls SBAR! Ehen rtﬁecﬁkﬂ [Bgss%f éjémi %ontrol data

battery 139 via rnduction. The secon Iex
may |alse ipgyyel He pan ith fapdyre gontinBEoes1pr8 fared réadingsrBups a region on the

surg.b%ﬁgh ggr?e éﬁ.ﬁs [ sigdRhEERpR%r i SPLAGRIRA 0 el SortifiBus pen

force.

Pen action relative to the surface may comprise a series of strokes. A stroke consists
of a sequence of time-stamped pen positions on the surface, initiated by pen-down event and
completed by a subsequent pen-up event. Note that pen force can be interpreted relative to a

threshold to indicate whether the pen is “up” or “down”, as well as being interpreted as a
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either the stylus 120 or the ink cartridge 118 is used
for witing, in order to enable a determ nation of
the force being applied to the surface by the pen nib
119 or stylus nib 121. The IR photodi ode 144 detects
light fromthe IR LED 143 via reflectors (not shown)
mounted on the slider blocks 123 and 124. Rubber grip
pads 141 and 142 are prOV|d€H towards the end 108 of
the housing 102 to assist gripping the pen, and top

ip. 142 for. cli. n a
cotiip® Afe AEURRR Phef bt A onBingCh  §BHY aheeaBitfe o cafored
Stl‘dl@ eonsiitnges tSh-ealbd S‘dlgltzﬂ rinkof Digitsl ifilk Ehn(lﬁtuyédlﬁltlﬂil borﬂ.p'ﬁim%) Eystem to

rerid ib.,119 in.the infrare
folgl e PRI bF 4 9 et W Ripapine) i g rgpenition of
handvmtmgmd fidr ondineveifichtivd df eigdtires) data fromt he near est
| ocation tag, and is arranged to calculate the
di st anidléringfthé RE chipbi3124d ﬁh{telﬂalg 13 tRepeh he1 J:a‘ﬁQﬁlh’snﬁ’iﬂﬂfteli@tal ink

ut i I n s 13 .5 a roller chip . 134. The
i ibie s eI 5 165 ah Line b R mesmt bmisiion to e gormputing
sygel and the nib-to-tag distance fromthe perspective

di stortion observed on the i maged tag. Control data

fr OmWhﬁl 1ho @& iisOif rhufeg dTRYredoet, Ltﬂ@di’gﬁiltlﬁl@tlat@ lid ﬁansmltted as it is
n the pen to activate ItS 'active area"

t ED
forpf WHGhLehe R el G o o Ao i dath s baFist it thggen (e pen
cirtMitre hlclub&Cd)liﬁi:‘er YRdgetoMIG® didiel AR Ratt @4rSipPloRfttely [Pmmutes of

the cgntro ré. that the area that is being 7 nmaged
thejpgn migtion,on the, shrtape) and canpg transmitteddasero n on t he surface
nds tQ the active area a button or

wh
hy 'pg?%% Rt wiﬁroq&&) B donemtadon sha secend dlex HC% 12%m thejrey; Figure 10

is d lli]@:kttﬁ@fano fitubth@ing S mrk Fbtadl the aRBARARK of Q@Eoﬁﬂaﬁerk&ﬂ@t 188, Figure
F hyperlink is active when the pen 101 passes o

TeRfesepigtions ofdle BY sbipiladthe) image ﬁ@lsgrelriﬂt thedeipsolor evatus
LEDoﬂ%l {he QR SIIBRERatioR 1T 1AM @Sforct WS oALEB IS Nhnd L d H)?ce sensor
surface which corresponds to a signature input are
phatedicdsd4éncoded to capture continuous pen force. Pen
action relative to the surface nmay conprise a series
of stlhepes controllerehipel 3¢ dnaadss ¢ comfollingswensesar é45%Bus 146 enables
thetek&ﬁng%tcﬁ'm%eﬁ%& &%ﬁ)'oﬂénm ﬂ%oh@& ?’Hﬁl{) 4 FIaslmn&#‘l%eIQ'i and a

%ﬁ pen- down event and COﬁp et ed a supsequen
SIHER DBAM df§ areNdsceinchided. penatfadnede-dipital «tmmrtet éﬂ?)rlsetneahged to

corfvét b 'aﬂﬁoé é?gn@] fr$nt11 re$held er of gﬁ(ﬁ%dl @49 Yhek %ﬁ %1%11&1‘1:2 pen

Is "up" or as we Ing I nter as a

NPS06G3- 1§i§g66;enso‘f %@Hfd%’%@m‘(e%a&% (hoﬁw %ﬂ%’%&%m‘"ﬁ% Al transc iver

pen is ca turlng a S|gna ure. ce of cap ture
con@?ﬂ@kléé hase ibensk @xsuig d 54 atelabsd nﬂcdluctgd ttcaintqrfaké withDihg| Rfad:hlp 133

whfcﬁ‘ %nc@@%or e g;uw 1t5t§ a%dmégsﬁa?og? %des m%umctgrg 1 gfﬁ d:onnecgg to the

basi s I'gital exchange 0
antgpapdiid-i ti ng, for on-line recognition of

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

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

The processor 145, digital transceiver components (transceiver controller 153 and

baseband circuit 154), image sensor interface 152, flash memory 147 and 512KB DRAM 148
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handwiting, and for on-line verification of
signatures. Uilizing the RF chip 133 and antenna 112
the pen 101 can transmt the digital ink data (which
is encrypted for security and packaged for efficient
transm ssion) to the conputing system Wen the pen
is inrange of a receiver, the digital ink data is
transnmitted as it is forme@ Wen the pen nobves out
of range digital ink data is buffered within the pen
(t he ? circuitry includes a buffer arranged to

aresi“fﬁg’@ i 193 sirels peatiqerAYIGy Agplps KX sompenaptsiRF firsyit 435 and RF

resbiorD &Rt IBIctd FBNark PRVRIM fraBEpAikd REFRRIPPE transnitted
| ater. The controller chip 134 is nDunted on the

seconghef ﬂn@Fe BeBr 129 daD bhRitR &R apprbAMaR rdBlutibs of 2 PO pixels
diagramijllustrating in nore detail the architecture

(sugh atsmé%lé Eqagead ey Mﬂtﬁt}ﬁhliaslalectmm@&%porqt@nawds desexied in a paper

by @RI SIENt RbLRASE Nfoﬂugé‘h BFR Nﬁ%a%o% 3md tl\}i' @thﬂa% 18NSR Pixel IT
132, the tri-color stat 'R

CaN Jnipge Aenspiofer b@m@@ﬁaﬂw@)ﬁm JEEB Tg@ﬁ@@ﬁﬂi@[ﬁlimmcmxces
Vo'ithﬁ Jlﬂ{bgpl §§ﬁ§13'r200(p Batagd ﬁ?&f)&“k@d heTQﬁ’ by%?er%gg)t\{ng} %% Iléter

ch |p 134 i’'ncludes a contro ng processor

enablgg coﬁtrb@lele‘%ﬁh‘al@g %nt@lfs a%ﬁk?cepteﬁa\f@ﬁ’{% % gé}%g %?ﬁ%&lvg{i then the

the controller chip 'ash nmenory
perkH) IDRpgN in a@tagt withy p Sltrfalcﬁ &1 inehepbrateyn dedishiedcirayitd 5@ ihizh monitors

theGBILY @5&5?1" phl)éb%ﬁ)dg‘ fb@f mngaﬁ(gs Eqpths %grtmé ?s[ﬂt 55%“? A&”?'o\gg' manager 151

si gnal om t orce sensor
on gpgfi-dayn eypgnal . An i mge sensor interface 152
interfaces with the i mage sensor 132. A transceiver
cont ridie|redio rgBcaye chmmenigesdn dienpligensed SN0 ba1h<tm>nnally used

by D& egg ?e%ph&le'ﬁ':(g ea(lf‘eﬁﬁﬁ\rew ggthgnmgll%ﬁse%hi PGI}I% ?nduélgnél scientific and

i nc des an clrcult resonat ors and
megidduy HSMI) sbah86 and msesc freguency thoppingarané noollisbh 2detddtion to provide

m%ﬁ%%#ghgéggwg&gg§§§or 145 captures and decodes

ron1tags fromthe surface via the
i mge sensor 132, nonitors the force sensor photodi ode
6.3144, rtt,gﬁgss the LEDs 116, 131 and 143, and handl es

short-éf g %§ o comruni cation via the radi

t r andteisrlised gopve, the P‘TDSOPé'C%@Sl“Hh‘P‘E@F?dol?Yn%ﬁ'@@eQ optistbpdy 135.

ThOSRRE BhplBHENRAYS ) PrcPbAAG QIS B illubhRePEAGRRRAMy A FRure 67 The
igital transceiver conmponents (transceiver control

di
optics Sorapyise a 5 ks bRy fer fogypme radsation fiopeipeingaisd HED; 131, mlareélss
a bdde splitteA$3Y, ﬁi@ﬁﬁjééfw@‘fez‘ns 366 aril2 ¥BorddRAN 64 Gor #NE’@Q@%% I:\%Bonto

are |nte8rate in a single controller ASIC. Anal og
imagg peReTdAL-AXigEays il pT Uustratesbe eptigalmeth. r esonat or s and

I nductors_156) are provided in the separate RF ChIP.
The optical path is designed to deliver a sharp image to the image sensor 132 of that

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

The edges of the image sensor 132 act as the field stop for the capture field, and the
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The i mage sensor is a CCD of with an approxi mate

resolution of 215x215 pixels (such a sensor is

produced by Matsushita El ectronic Corporation, and is

described in a paper by Itakura, K T Nobusada, N

kusenya, R Nagayoshi, and M Ozaki, "A | nm 50k-Pi xe

IT CCD Inage Sensor for Mniature Canera Systent,

| EEE Transactions on El ectr&hic Devices, Volt 47,

nunber 1, January 2000, which is i ncorporated herein
reference with an IR filter. The controller ASIC

Carﬂf& Péﬁtl%?@ga%iﬂ that g pesuliing @J%ﬁ tafe apeplar figld obyiow is as required

(i.d. NREtdd¢ 10 RO afpliBatioR P tiDdmbodinat). T BERaGdn 5[Wtﬁ 8 d@s1gned
surface. It jincorporates a dedicated circuit 1

to pgtiice diessame Aljeqt space figld 8 Hiew gn Be santera eathase tha &em}élkegatwp fills
thel dBfecCpRde"Rld (ﬁ'rwelv?&ﬁ]]tlyxh@u&nﬁ poaUhd IRRAARY 151 on a

pen- down event. The radi o transceiver conmunicates in

the urliiRangsee 9RQANRKq4aR @%cﬂ&ﬁWlthWraﬁé%thuﬁy Tﬁé)ﬁs‘gl oF Sfoc*cussed
tel ephones, or alternatively in the unlicensed

illyppsien jafles boglen alier Pxpesuesriéme nsch e@ﬁll ApP8Ng- Barshiort ezfmsure time
preQéfﬁsc‘mBﬂicﬁlq}fﬁnﬁMs H%@ﬁg&fs%ﬁt %Qllada St dfgs % ngﬁ'g&%t The small

provide 1nferference-free catlo
aperpore atigwasniticien: deril df Bdldios thetfhlérapemof@pltfaoe depthsainduced by tilt. The

coldBRETEINAL P Piib RS, 081 | %0 3R, || The optics

I mpl enent e ptics &7 |l ustrat ed

sche rﬁﬂ:élﬁé ﬂeth%% sgllls?f" k) I'QZ a s{rr T€ BITIJG 9%?1%%%rhtiéesﬁsigle and near

first lens ocusi ng radi ation
infiapefdrrart of thie Bpyetrgm, it & prdcededrby B8 8t1frarfal fHtsn he3sip thet captnre B, so that

it %Etu&@ e&éﬁvlﬁa%agﬁthéqgg oft tRC&PH lﬁ%ggnfi]ipixgrt% ence. from other

cusin I mage senso
graplps o1 thsrﬁurfacteewltlbiem@ptbe cpahtegb aising inkks evhixht dre aianspabﬂrt in sthe near
mﬁ%%gigned to deliver a sharp inmage to the i nmage sensor
"of that part 193 of the imged surface which
intersects the field of view cone 192, within required

gdilt Péh%ﬂ&ﬁisé e Iater) The primary focusing el ement
This is also used

ISt ob ect Ve ens [
rever Lﬁ‘fé't‘ft 17} ‘Pru‘H‘ caTidge nft LY efptke pea is in contact with a

surfacé, Uhe pelt a@é}mhgpna BdsitiiH Mhdt PRoSbGH RESVMJ ME RudtRE at 100 Hz to
field of view. Since it is inpractical to place both

allgy @equppigy Bandunidips recognitiery (emdhq mticlerby) Bappatt. Ct ReYf %@asand T
WaRhhatd) eTIRLAE bi %8 Artdn bﬁmémnutvtzﬁtﬁngh@ 5g7nﬁ1dﬂs ftkd ﬁa,%gétio'hs on

the path and separate relay |enses

Patgniinalysis Hnéamhlafe@tqﬂwee@u Phig. apmbared, Anawse lwnﬁerdlssewre of
whf%ﬂqls inB&périted Flieih 3 ch£§&?&8ch}/ qhy fora—éqéeﬁi]oéllpﬁc\%%ﬂ)de W8 is utilised

f er ent apertur és to be | rrpose
to 'Pﬁ@afédgle%\feoifhrqslﬁéd ivirgjer therprsoris TP erctdows” tFhe ﬁ)rcelrmy also be

capﬂré}pas a%nﬁllﬁguscﬁﬂ\g uz{s%hsfcﬁ djabot@elq ¢ Jlllaﬁ' thm§g?éan§c§ o?g mgga%ture to

capture path Is eS|gne SO e resufting o
be wepiied angul ar field of viewis as required

The pen determines the position and orientation of its nib 119, 121 on the surface by
imaging, in the infrared spectrum, an area of the surface in the vicinity of the nib 119, 121. It
decodes the nearest tag data and computes the position of the nib 119, 121 relative to the
location tag from the observed perspective distortion on the imaged tag and the known
geometry of the pen optics 135 (see later). Although the position resolution of the tag may be

low, the adjusted position resolution is quite high, and easily exceeds the 200 dpi resolution
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(i.e. just under 20" for the application of this

enbodi nent). The illum nation path is designed to
produce the sane object space field of view as the
capture path, so that the illumnation fills the

obj ect space field of view wi th maxi num power and

uniformty. The IR LED 131 is strobed in synchrony

with frane capture. The use7®f focussed illum nation

all ows both a short exposure tinme and a snal

ure The short expaosure tine revents notion

re%‘l‘rﬁ‘i or pgryatedlapdiiting r‘ff@é’ili“i’lb(ﬁeeta&@"edafglﬁﬂﬁedpt ure during

pen nnvenent. The smal| aperture allows sufficient ]

dept HPBRAHIME FAatve o & sfarqare capmefas grseriesrof sleaked dpiifelse consists

of b, @ 64 obMmbstainpedIR@ poGifiils h Shelffikel MRlalBS 23Bn-down event and
icit aperture stop 191 for this pur posé. Because -

cowwéteii RE e wbipgusnt pepoupeysnig Astiekmiy ase$esed with iHegegjpo IR of the
suffR€ Whefidvot %eaﬁgmﬁl qgrchaﬁ%&fs ras 6k Q@Eﬁe inrt %p Ssﬂlﬁﬁé LB normal

it is preceded an infrared filter
cirgistagees- fS%ThF'F%S@d FMF: eagh lopation tagdechudes ﬂféamdnc#Bg@f ¢ pashien on
thel RfallAdid &

Rt A e S R 3R KRR R0 MR e g
lieyysi ng i nks which are transparent in the near

infrared. 6.4 PEN PROCESSI NG When the stylus nib 121

or i riigwasd isiadiggran Hlustmgingfocative tapaand skokerprasossingdn theipe The
pet@con%ﬂgralgf@ ’staﬁp%ltp G eﬂﬁtg%{r ertﬁtS 1éf4§j§t ROy Ec}f{t}gmﬁgl %amples (at 165)

orientation relative
thegil fpwgcadathe fres shmacvbotodiodg 144e cleghing foon pélsdmmdt&te (at 166). If the

peﬂafs 1h 91' p%? Qg‘i‘%‘;r Qt%?te&!e Re%ﬁon%O%r§Ebg dﬁl&? Et Ié% E&E%g ae It%éﬁs%rface
locEEE@t TeRndag in tharsapomed iPage ldECOAﬁE(Iangi% tagnidtal‘fhmhlhl @ag, infers (at
17@%6 ]{)eln gygg H&E ?nd\/(l)J nt%tfgI n rellj{ir\p% to the’ suéu c%uasntr(]i a})%:g § %E[IIP?I) the position

re o |ncorpora
datc Ecoths cmeéne Btmke alpta. O deféc:mn ef 8 pasay eyehnpi.adinaldectobdai 572) of a
te rel.ati hresho whet her the

pen-lép statc’te aﬁer a pen cgv}.’ 2% as 1ne1.1ﬁaéec¥ lafrt%%prﬁﬁe}n}cea? 28 gmp@aqmﬂfﬁ, @6 pen
comua- kﬁemhcrypto(m 198! thestroke dsth andieaRmhita oV @4) thostalkt @¥¥a via the
a signature t be verified. The

S, Q
RFﬁE’R 13%’ eﬂ&*’s 1 bt Mhe omppilts Sysicmdf (e tarts i aapthericammiy syoke
(at 160, 121 on the surface by imaging, in the infrared
spectrum an area of the surface in the vicinity of

the mishundid®a réhgondbly lfdst 8 da@cRd@Sy (hecRER IR Trodedthgliddodithm (see
ositiQn o e nib 119, 121 relative

nd c gs the
1“%&?*%%gaﬁ%é5#ﬁﬁﬁw‘ﬁﬁof?wﬂ? E@“‘%g@ﬂ%gﬁvﬁerspectlve
di st &ion on the |na ed tag and the known geagnetry
of t HEhp SR 8Bt o Engs 8% compung ptpm I, (B butters digita
ink[OBd fichial HOBEy Ut irdh3mAs arybafftRd digh itkSwheh @ ndxRithin range of a

adj.ust ed po%]tlon resolutlon is quite high, and easily
con@gﬁ%ﬂ@te opthe BEﬂ ntesesl memery 1s NP dapgrsn Sggsc;sdo capture digital ink

and instead flashes its error LED whenever the user attempts to write with the pen.

Table 4 lists the components of the raw digital ink transmitted from the pen to the
computing system. Figure 69 is a diagram illustrating the structure of the raw digital ink.
Digital ink which is buffered in the pen when the pen is working offline is stored in the same

form as digital ink which is transmitted to the system.
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required for accurate handwiting recognition (see
above reference). Pen actions relative to a surface
are captured as a series of strokes. A stroke consists
of a sequence of tinme-stanped pen positions on the
surface, initiated by a pen-down event and conpleted
by the subsequent pen-up event. A stroke is also
tagged with the region ID oflthe surface whenever the
region I D changes, i.e. just at the start of the
stroke under normal circunstances. As di scussed

Tahkoly Bawaligital inkcamipomentsag | ncl udes data indicative of
its p05|t|on on the surface and also region data

ratrcat—ve—of—the |cg| ofr—of—t-he—surFace—wthA—whieh—
t heravedjgitaliiels. Fi qure W8 is |a di @geedsioni | | udtrat i mgnge
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21“ en- down state (at 166). +f the pelllbilld
absolle ¥8%n state  tHe pealScontlraller 6434 captlures (at

lasi §/8)cmaind mage of the sygface, |ocahes (at [168) a tag

e captured 1fage, dectoges (at 169) tag data from
reglqpnﬁ] gt 170) the pen Wi tionland -

tim@roffsett at| on rel atifve tfst he surfacez and appendgo ¢ ahys

t 1) t he pOSItlon data to tfhe current stroke data. Oi
aufer\flr\n of npnr\l upé_v_@n_t_’ e, ctlion (Flf_

xoffi@) of a pen-up|stamaftgr a pemsg9down stlate aslOmm
Ipdi cated by the presgnce off a non§§rrpty stroke,  the

y Ban cont rall Ay 1’ 4 élli'\lhf fo'l' t ha ‘f rnlza—IngEé

CTl CUOUTItT UTr 1 Ci LT \,ll

X relaidort (pgigmi t s (at 174I)egntehe \troke Gata via|the RBg°

Val

yr 'ith(i'tﬁ and ant emna é{%e te the cglr;putl ngsystem Oj_,t

o [ At 164\
z rgtationyavy) a r easonabl Wefrast 8 bit nmSFtiply @ cycl esp°

ﬂGt ||ci’ ellpl. y’ Ql. I’ OUINNC ot O
zf&r@@ pr ocessi ng aI qorithm (see Iategr) uses |about %

| +ho

UI LIIC PTOCLTSSUI s—tine vvrcu Lhc pcu HSs—acttve- LI L A w2
pen is out of range of a conputing systemto transmt
t o, tWian the panufof epmeds g thakompunikg isyme'm; ﬁleicnﬂItBﬂlﬂal34 notifies the

. nsm,t s -a buf fere
Sysl{gggﬁr{eé}e f%/)vl[t"f hf %réﬁvaﬁlégald@ygeag%ro%%udfl Ny sy h:{l\ﬁgﬁentt ﬁ‘ésomte
timpeant shei ladt @bsohite timerdoytaingd fromnlthe dyaterp epnom@ejg offline. This allows

4 e.digital and ,i nst %%_fl es i.ts erro

te S el Ry oGy  BRCRR m SRRy flﬁéafrs%rewwe@mm

the 'parh) heodlinglys ﬂ‘he phﬁhmsypdmeﬁies itoteal-tide tlavk ahitlgthe abcukdikreal-time

mtted.fro rnr[lél en to the conput syste

ctobf TR Trlp i gfoiiPe s AR ey S Shep there i

motel’thalf aw stk Being lopéradsd withitly doddputifKsydleinC Ped B)sltdyf lﬁrlﬁféoﬂtﬁt in
{he“@e &lnthe Henls vvork?ept&?]offlinei st or ed

R 5P QUSROG PV 1 PBn LT SXATTRLn 2P et Pigh that

owihidién Spditi@nar d¥ERUGHanDEr. Filother embodiments this may not be required. The nib

ID allows the computing system to identify which nib, stylus rib 121 or ink cartridge nib 119,

is presently being used. The computing system can vary its operation depending upon which

nib is being used. For example, if the ink cartridge nib 119 is being used the computing system

may defer producing feedback output because immediate feedback is provided by the ink

markings made on the surface. Where the stylus nib 121 is being used, the computing system

may produce immediate feedback output.
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Table 4. Raw digital ink conponents raw digital ink
unit precision range conponent (bits) pen ID 128 -
nib ID 128 - absolute tine ns 64 - |ast systemtine ms
64 - region ID 100 - tine offset ins 32 49.7 days tag
ID 16 x offset 20 gmS9 O y offset 20 | Lm S9 +10nm
X rotation (pitch) degree S7 +900 vy rotation (roll)
degree S7 +900 =z rotation {(daw) degree S7 3600 z
force 8 255 Wen the pen 101 connects to the conputing
syst ntroller 134 notifies the system

h
the 1oy He Bt & F SRR PeEtOntrRtler ﬁ@ga@}rd%@?rawﬁfr@hﬁée%ﬁéﬁlf‘B the

elab@d tihcDsinde) theC lkt-abEihite BRS Aobli&l tolthd BsteANHorl 4364 b@isﬁosmon in the

bsolute time it obtained fromthe sy stemJorl or
S“@@ Hgedrelisrned reprids, inthedfm of hEwsReatreFien! Toths eﬁa@d arpyfset of
theeh flb 110, N ardehe SuGdn@ €, @B CPt szSzlaiaESn &the ﬁ’éngéﬁdéﬁw #ib force.

recei ved from the pen accor he pen t

It aplyepardiibe g Th (il HEMiens 42wl o4<efond 55 i thonehdein the form
of E%%I chbih g¥81 78 C4iRGHKh O fag T Guen¥ yﬂs%f%r}xf@&ﬁly%llé%ﬂ'} O %mgﬂ?osmon

omputing systemto identiT when there
Samﬁhﬂé frerugmenribe pedDbe |Cﬁgtaeb@r aaeyl CWSPChltlt“h eeﬂcmm!il@tlﬂ, ragd may be

comtfamhe%megme;ﬁueéal%kéﬁ@m ant in systems which use

he pen to identify an owner of the pen, for exanple,

and 'S'iﬁc%rtﬁ&be aﬁﬂ};le% hat C})osﬂmelnd'd?leﬁtaﬁ)&r &t I%Hll-fy ngﬁ E&ﬁtoﬁg ina

manner. | n ot enbodi nents th
Strqfﬁ@rmlintphmﬂ}bcmkedwt 140z ensindourtol nepdsy thdmtttmestelrep.ﬂf fhy pen fails

to \é\ﬁhﬂb gnl% Ip A u% nb&aléﬁ%]ltrﬁ ils't8) lﬁec%ﬂé tarth Qteinﬂét stli]l]rgc‘,ord a pen

pres use e conp em'can
PO&I@@ to peaservé &n iniplgsatreddchige Ulp dwrecfvhc udqordm ﬂb nostlmeasngkmd in the
k f e i.S .hei.n
Tori U ot SRR ph pottlh 3 kBl € SR S50 B 198 rpota e
POﬁ@nﬂhmckh@uﬂpmnmbﬂéausamynned|ate f eedback is provided
by the ink markings made on the surface. \Were the
st yl Usncaithe 124it 'time et gpf lﬂ%ﬂkﬁ hatsel ﬁ:titepalng'er(ge P Stdags), the pen

Opt%%XH}p Fe%grlﬂc %nla I0Rste &nee gne%dqa me ¢hange 176, for a stroke. This

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

Since the region ID is constant for many consecutive strokes, the pen only records
the region ID when it change, in the form of a region change 180. This becomes the region ID

implicitly associated with later pen positions.

Since a user may change the nib 119, 121 between one stroke and the next, the pen
optionally records a nib ID for a stroke, in the form of a nib change 175. This becomes the nib

ID implicitly associated with later strokes.

Each component of a stroke has an entropy-coded prefix, as listed in Table 5.

Table 5. Raw stroke component prefixes

raw stroke components prefix
raw pen position 0
unknown pen position 10
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NPS065-SG 72 At the start of a stroke the pen
controller 134 records, in a raw stroke header 183,
the el apsed time since the |ast absolute tinme notified
to the system For each pen position in the stroke
the controller 134 records, in the formof a raw pen
position 177, the x and y offset of the pen nib 119,
121 fromthe current tag, tHe x, y and z rotation of

the pen, and the nib force. It only records the tag
i i £ a.region) if it has

tagahhadyged, in the form of a tag changHﬂh?S Since the

en1ggmp‘§quency s significantly smal ﬁb than the

sosi-en canﬁl i ng f raquanr\ he—-t

mgmmm$m&ﬁt for many consecutive pen p Hﬂﬂ@ons and may

AVAaY]

ibbeﬁml%onstant for the entire stroke |]115 e stroke is

nnc ﬁnr*l

n !
hn@mhagtatlon at 100 Hz, pen p05|t|onE1mm0a stroke are

|an|C|tIy cl ocked at 100 Hz and do not need an

oot ¢4 bR § Thcond abrgioipins g of essdas oty 1By BShions

samp]est asd thetefare ey aﬂ size P& aboup 610t BiBNOhkneproatRioue dighsl ink capture

B b B R Podh S R o B SbH bR i
mk]cZﬁmrea’edIL&\M aigput HEKbAEftbufre: lﬁe)tﬁdrﬁmrtlﬁlnﬁtat'ﬂfe pen’s 512KB DRAM

8 KL BRRIRTHE o By f By SR i, ep Gt changes

happas s@ irffiefichtty Itlﬁﬂgey hiveen nedBgiBletbHyE)an thél€eqpREl transmission speed
a

onaII an absolute tinme, in the form of
“‘FF T JFaige Afg%“’“ 6Pmare§58%‘i%é’en ?H?‘E"nskfé'& Bidaee {rapgmission speed
andEhiSR} Mb@ork irdfRirkmdndd fuMBerf O Whi ch [ ater strokes' tine
of fsets are neasured. Since the region ID is constant

for rrmBl raGOMSRE 4lehMPptsd keiEe THPIE- mrhlgmﬂﬂﬁn ;@ﬁﬂhﬁéﬂSB Applied
t he rgglon | D when_ |t chan%lé in the formof a region
¢ epnd Fidtion, Bl b6 fe Ciselgpsnof Wheh gheogioratgh herein by

crodSiRfednad) e fond lban% b @il RRS bdnhR0Re sy%feﬂp The pkv %ﬁd E@lyputmg
change the njb 9, 121 between one stroke and t

syskgw exchange sgrsien keyst fop s PyPess i aiseeulanbasis) Based on zn conservatlve
estﬁ{afeo k€50 ic ?cl@sh Berf é?l‘:ﬂ?%)@fi i, ML e RARGE of ZiSOne-EQéoﬁd %@66’ 5% Sstroke

he ni b ly associated with later strokes.
CWEHB%”Ebﬁﬁﬁﬁ%WpﬁﬁﬂWé4§Fﬂ@ke has an entropy- coded
prefix, as listed in Table 5. Table 5. Raw stroke

conponentppreflxes raw stroke conmponents prefix raw
6.50en SYLERIPEN RMEODIMENGHN pen position 10 NPS065- SG

In an alternative embodiment, the pen incorporates an Infrared Data Association

(IrDA) interface for short-range communication with a base station or netpage printer.

In a further embodiment, the pen 101 includes a pair of orthogonal accelerometers
mounted in the normal plane of the pen axis. The accelerometers 190 are shown in Figures 9

and 10 in ghost outline.

The provision of the accelerometers enables this embodiment of the pen to sense
motion without reference to surface location tags, allowing the location tags to be sampled at a
lower rate. Each location tag ID can then identify an object of interest rather than a position on

the surface. For example, if the object is a user interface input element (e.g. a command
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73 tag change 1100 end of stroke 1101 region change
11100 ni b change 11101 time change 11110 A 10mm
stroke of 1 second duration spans two or three tags,
contains 100 positions sanples, and therefore has a
si ze of about 5500 bits. Online continuous digital ink
capture therefore requires a maxi nrumtransm ssion
speed of 5.5 Kbps, and offlT4he continuous digital ink
capture requires about 40 Kbytes of buffer nmenory per
m nute. The s 512KB DRAM .48 can therefore hold

b hepthe i Do gt o ﬁd@a’agma&la Pfeajof figdnputplement can directly

ideh8gi tRNinpdidichiel. changes happen so infrequently that
they have a negligible effect on the required

t r anS]‘HeSanfe‘IHBatﬁ)ﬂ aResurensy thilfcb@EromBlaR Y each@elink kQRAY directions is
reSSI on of PEN pPOSI tions can reduce transm SSion

mt%@%mﬂaﬁapesuwl&e torReey 2R BguntARsRETtebocity ArdROFIoEaC h
raw stroke is encr¥pted using.the Triple-DES al gorithm
]| 1

( Schridfesthe sgartingsositian of thy sipke rapkipwnowboislstizgpasitigns within a

strofle! 8% 4898Q8ated h&lﬂ@u@?'&&ﬂ&? iR ¥inC BodufhulaRRE OLRRS 34 etge sensed
herein by cross-reference) before belnﬁbtransn1tte

acqelsrating acerlgsernetery tynestle hevehigh eetiondand dheptime dgatiopyaftacsirpke,

ovEXHRAB B rs3eSIuPHe, kQ¥sef or this purpose on a regul ar
basis. Based on a conservative estimate of 50 cycles
per encrypted bit, the encryption of a one-second 5500

7 bit NePKkEee PRMFER DESchIPTIOR Of the processor's 45 tine.
6.5 OTHER PEN EMBODI MENTS I n an alternative

7 £nbo pent pad N n i ncorporates an Infrared Dat a
Assocj ati on interface for short-r

commAE AR TP pepasalpgeE 0 1o Sli‘ﬂé‘t“pfélﬁlé aﬁﬁ?‘?“ﬂ?‘b}n Figure
11 |Iﬂ pAnth %tbé‘g‘%g 0§ TeRY AR ed nlddf RER d%?llxédnffi/t Uﬁ@ﬁ]e@”ﬁ)gllﬁ'\{ engines

ort hogonal accel eroneters nounted in the nor

6%?@@3048 sheren pdriguss & antHda. dcused @ ptoniaht papst pgiowith the paper 604
paéﬂgviﬁ}obéh fhb QU%I@:&diprm@@lqonﬂeg éOﬁ‘ aﬂ&1 5] V\m}&llﬂriﬁ? botiﬂ%ﬁies of a sheet

provision o ccel eroneters enabl es 'S
simayiinedison in fullcolohandpydth fulbblsehse notion wit hout
- reference to surface |location tags, allow ng the

| ocatAnoimteagesd) bindwg hescadlypélScapatiesan sthipwé igluealamg dBachge of cach

0 . i t . .

prte @ Gob M 1L 0 tol R AR shiol Bl ROk el T roses
findxtwnpd docuinentt 18 vdihecn rasgean ulsigmessnfrem bee ehebinouseveral hundred
glenent (e.g. a command NPS065-SG

shegls

The replaceable ink cartridge 627, shown in Figure 13 coupled with the duplexed
print engines, has bladders or chambers for storing fixative, adhesive, and cyan, magenta,
vellow, black and infrared inks. The cartridge also contains a micro air filter in a base molding.
The micro air filter interfaces with an air pump 638 inside the printer via a hose 639. This pro-
vides filtered air to the printheads to prevent ingress of micro particles into the Memjet™
printheads 350 which might otherwise clog the printhead nozzles. By incorporating the air
filter within the cartridge, the operational life of the filter is effectively linked to the life of the
cartridge. The ink cartridge is a fully recyclable product with a capacity for printing and gluing
3000 pages (1500 sheets).

Referring to Figure 12, the motorized media pick-up roller assembly 626 pushes the
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74 button), then the tag I D of each l|ocation tag
within the area of the i'nput elenent can directly
identify the input elenent. The accel erati on neasured
by the acceleroneters in each of the x and y
directions is integrated with respect to tinme to
produce an instantaneous velocity and position. Since
the starting position of thé& stroke is not known, only
relative positions within a stroke are cal cul at ed.

hough position integration accunulates errors in
ton fr’i’@et%ﬁ%(cfmna@e diediadtey st 2 RRRSE FBFB P e frstnFigt engine\p02 into the

dupey Mbgfaes %?ﬁ{h%d %@emlﬁf‘ dTHe%OtMQFFJe@“ ?ﬁ‘l{ ng;é t692 §nd 603 are

stroke, " over which errors accunulate, is
mq\!EtF‘IbA@ PMWER"'DE@WQWO@HfEU@tIMINEmG VEGEINIaGS pakhe The

pa e?%f)éi EQH\% ngtplﬂg:tflﬁ% @ﬁg ﬁ‘l%glg 6%!)} {ﬂ{egg %{)\fvgrgc} 1cl§ é%‘ﬂ@"@ 626. The

y asse
positernt end/ et of| thee papere 604ais rsisad) al:ki,lﬁﬂld)lmi Bivgilg &mmlﬂtaéMleatlve is

0 as_ shpwn. |n Fi gures 12 and
pri fh %]Iuﬁ 5}%{%12; E agltdr%g %ﬁtﬂ% S%mes%osflﬁle i °h t he paper 604
passi throu exed nes, 602
s or R ST 2 S bl cohe EPELATER B st o ex
spikel wheeado (abignegindongi thé sfrzugﬂt ﬂabf&qﬂth) Amhwmhﬂgfgﬁhstbﬂ fdbaniged 1f'oller
assenbl es a Str ue al ong .one, edge of .
TEE IR shesty Surthins FeiSpris BB il Pufimend 0 Thar ¥ & ne
thepe@mi Mesnjahegint whar gsessed against it. This creates a
final bound docunment 618 which can range in thickness

fr Olealﬂe&nﬁéﬂ &ﬁFlgtu%s gevmt aba e dapd 603 ricﬁﬁs%§ frohhfe duplexed print
g%) ﬁé aqk/aos ﬁ@%artrl dg ‘627, _shown in Fi gure 13
enginss SP2apd §O8 inte s PR asseawly 495 Fhe neinisd mags rafsas bebwesn g@pyered
spikd whdRBENES T Wil a H6r04s Ppdri rsAdria @ ancBEP B 108 axmﬂlcs)bﬁ@ wheels
£n genta, vyellow, black and infrared inks.

amomenge aaqﬂ% gligrivhseln Ihe, movehie axle/plue |a§sp@bly|q€(3 ds pgeted to a

mefiP k& brackeR End ik &' tRinofted forl & ¢d ﬂ%e%éea\gﬁrc‘th\é\npg\ber@dqaﬁé 670 via
638 inside the printer via a hose 639. This pro-

pu
geays Ryeastion ofacpmphafj A smratqwreotarmqmeﬁébael samsbafpr event

ingress of mcro particles into the Mem eff . _
pri nt Rlsaghie Wugl aprmbly ¢3gansiv efer artilly bplyy 4ie679 with a rotating

cm}ﬁ[iﬁ%foﬁ‘ %dgl&%ﬁ%@ﬁose%\il TB&QB@R]R%%&E&% %Qf " axle fd?htcgﬂnects to a

in the car dge, the operat
glug wheadwhieh abparbeadhesateyby|capilad aqtion thyeughirsdial d)ﬁ16$ temolded housing

68?@1%0[11‘1&391% %I\Eeh\?he'ep Kihiah toﬁéfng‘%%t i fl%nfC Blybdtn di (f&/rﬁ‘!)l@lgéssana Sprune

product with a capacity printing an ui n
outpradess {re B0erhsh éeths)metfdiraketi ang HimgeFug audewalva Wliem ¢ghe rest of the

assgﬂ?l%g gzg %‘téhﬂ@pfoﬂwﬁﬁ %ISUPCHIE)I? lel;p%@es%ﬁg’ Elqp Iv%xecg %ﬁoggtfnstng %rontlthc% the

molded housing 682. Tension springs close the assembly and effectively cap the glue wheel

during periods of inactivity.

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

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

installed or field-installed network interface module 625, a radio transceiver (transceiver
NP35065-3G




75 top sheet directly fromthe nedia tray past a
paper sensor on the first print engine 602 into the
dupl exed Menj et Tm pri nt head assenbly. The two MenjetT
print engi nes 602 and 603 are nounted in an opposi ng
in-1ine sequential configuration along the straight
paper path. The paper 604 is drawn into the first
print engine 602 by integrals powered pick-up rollers
626. The position and size of the paper 604 is sensed
and full bleed prlntln%yconnences Fi xative is

corylift & psbane et Sty ME Sy 7o prd G TRROpHETS SR indagiprs 756),
duflQ§Sdr %@getpwsessoﬁdk@)nm r7s¢>&h£1§xéd nf drigib cMRIIES T80, and 760b,

print engine 602 throu a set o fomered exit spik
afmeers 658, MgHOMIAP DGATHS Toirlbiogmed BaRENe Hat hy  whi ch

act agai nst a rubberized roller. These spi ke wheels

cont akhe qopeol %Pmciﬁﬁqrrhaé@e%mmra%caa% withring neteorkol§ awkiwith

loc‘émlrégk‘% %Etp@éypehsn A, sdnbig tﬁ@qegﬂqguﬂgﬁ I ?tclontmlé it ubd? gﬁt&?ace LEDs
es

Referring to Figur 2a, the paper

61%5%6:3 e5d feegnindrgneluenizex dhe RIPi PSPs 757 gndh @gnt(s@zmam@lta(blsrs 760. It
coﬂsmsooftarlﬁedmnpgﬁ rfaARE gQ'LeYalg eﬁemgrog:r %@%&dﬂg%ﬁtr cessor

bet ween a power ed W th a ous
5@ eqmpapmnicates Mith thezpnigt engime hentroltery 360 da ahigb-spacd her@pbuasé@
wheel s and a nonentary action glue wheel. The novabl e
ax| e/ RIP ISR osterizg 7:@d j commgsmpagd degsrigtionseio dhe seipagomrinter’s

corg\nﬁl‘?ﬁgf%agg Bhlat E.écch aé‘[ng&%?%rc%ﬁtgolfep E)ﬁ@idgb&l@le}s %% h‘f‘%g Sage images

power e Vi a
to gaasdradted Mame€ griatheadifi0an r@m:{l &. lat svec Afrpingzs$ per riinate). The

eel. ass onsi sts, 0 artl I'1'y hol | ow
du%%%gpﬁgﬁg%fgﬁm%nﬁﬁg%PZ%M%S@%U)Ffﬁﬁiymwﬁ gt ue supply
h 41 f h K x| 7 .
cgﬁﬁe € mats{elo glllltlt el%éllng I%I' it z@ Ht%&qis%lp kggpeégwése Io% é%lg%{/nomtors
inkgmgielid eomjunaiddn \mh ttmmasﬂthAt eldp 645 dnd klesnk drtridged@Al chip 761.
housi ng 682 surrounds the glue wheel, with an opening
at t lihefpriotat confPoNedsiflagh mérdﬁ'y 668 Holagthe asrtvasefon both tiger&dessor

00 ached to t acket d hi.nge out
75 e HsPauh 3 e ob Sonirali foo, JLER Fipial mair PG 657 a
bodtoimaar d. Thi s action exposes the gl ue wheel through
the front of flie nolded housing 682. Tension springs

cl os&ht hgoasse rvbb,yDaPsd 761, f mat diyiedl fra@apiveh Corfodentsiebkceiver

i 0 in i vit t he sheet e
coriiey 9 B e 25Dt pirnird in e ot e AsiSp o gratos
RFt @n@a@emsvmﬁ tiecalt BAoRd RF tdienskdroBhd Sﬂddaor(s a8y href provilled in a

t he SE t of a docynent) as_it is transported
sep Fi helts TRHTHE | %rgﬁé?rmwulsé%fi is7separggy JFERetpage printers
alldSONE RedwloER R BT RE o iR 1088 BABEId-REIERSIE FlaSPRER S 1688 and
consists of a controlling processor 750, a factory-

thej HaPEMDIE @MDY PEAM. S5 sl ot Bipybhdc Pl caEing entinier 160 are
profRBd indefAlk Asidsanscei ver (transceiver

A variety of network interface modules 625 are provided, each providing a netpage
network interface 751 and optionally a local computer or network interface 752. Netpage
network Internet interfaces include POTS modems, Hybrid Fiber-Coax (HFC) cable modems,
ISDN modems, DSL modems, satellite transceivers, current and next-generation cellular
telephone transceivers, and wireless local loop (WLL) transceivers. Local interfaces include
IEEE 1284 (parallel port), 10Base-T and 100Base-T Ethernet, USB and USB 2.0, IEEE 1394
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NPS065- SG 76 controller 753, baseband circuit 754, RF

circuit 755, and RF resonators and inductors 756),

dual raster image processor (RIP) DSPs 757, dupl exed

print engine controllers 760a and 760b, flash nmenory

658, and 64MB of DRAM 657, as illustrated in Figure

14. The controlling processor handl es comruni cati on

with the network 19 and wit®W |ocal wirel ess netpage

pens 101, senses the help button 617, controls the

user interface LEDs 613-616, and feeds_and
(Figsptieh 45 AEQUS; Rergnsp hesspaetpgrking, itssiapest Hegntranet connection is
avaiRBk R the oealiRBvork,lherC BB IbcAE Bot@brkanteRste Wi BELEQN ABRE Retpage

general-purpose m croprocessor. The controlling
netyiogciasEdie- 750 conmunicates with the print engine

controllers 760 via a high-speed serial bus 659. The

R P CRedadio dppsesiyes 735 qomBHprassn pegwligensed 909MHynand gormally
usdd PRARBAR pRIEL bR AttePnati R RS S EeRABL4 GRS fﬁﬁl‘.istrlaE%&Qntlﬁc and

print_engine controller expands, dithers and prints

meﬂagle (SR gkand, apd juses fequsarnthenping rand j esfllfsiqar defedtion dto3p0vide

mtélrbrsn%@heérdﬁﬁn&rcaﬁm at over 30 pages per mnute). The
dup exed print engine controllers print both sides of

shegl p?fnfﬁ" Ic&%ﬁ%t%nal lyhﬁco%‘ﬂt&ran%fr&%d ?ﬂﬁ' A‘goc:latlon (IrtDA)
) controller 760a control he ‘paper transport and
interfaee foyreceivingldatas aqyértad fr@mrr]eumst sueinasviietpage taencraash en al@Mnative
e Hiflo e Bt P bR ETAC Ll 008 Ror Gl cbfihuniHifon with siably
configfedaetpagegensbot h t he processor 750 and the DSPs 757,
as wel | as configuration data. This is copied to main
nory 657 at boot tine. The processor 750, DSPs 757,
7%ﬂuﬁ ERIFATIPMANR BRINEINGCOnponent s (transcei ver
cont rQmct ee mABBpREEsdd IS@hantebebict end Yerifibd the @6@ment’s page layouts

nt egr.ated in si ngl.e ntroller ASIC 656. Analog RF
and 5 i & riRehe PR e RESoREreRe edeTnd br s and

|ndu%¥%3§ 5&% are rovided jn a  separate RF chip

762 STt 30 RS e g st Fognrgaaarreafaéterlzed page
imdge TR MEh PRY&s@ stoMds@ash corlpr@Wdt JJH& PRV Kerk QP B tsinflest way

%g ge factory selected or field-selected. Flash nenor
to ipadbalange muliple OB Hbior It shidF Bitewe G5sEParate Page The DSPs can

atwald beﬁltbbpbusﬂ— Bigcddnl dﬂsmﬁﬂﬁhﬁger%@ RdsteRYdd§ages €60 1@5&16&11 be stored in
provided in separate ASICs. A variety of network

mernﬂrYe Fblaégatﬁ@aenlééeaészs) RpteatiphoRqog &FP wiigatiop vdieh destrgiziag short

doddfletg@ge network interface 751 and optionally a | oca
conputer or network interface 752. Netpage network
| Nt erpgtrmafit fﬁf}&qg Shd gt Héi@rlﬂ?g{ %J@Q&i&%d tddY Qﬁﬁo‘f{e resolution bi-
Fi ber - Coax L |'e "nodens, nodens,

leveldit@me, whigh éllpﬁs esly F%@Sé?d/@r@ghwp siEpand pdich Torms part of the

cmﬂﬁégﬂgﬁgg&g@éon cellular telephone transceivers, and
wi rel ess local |oop (W.L) transceivers. Local

i nt erhaGRSirdd B UNRr of the printed page contains coded netpage tags at a density
of about six per inch. Each tag encodes the page ID, tag ID, and control bits, and the data

content of each tag is generated during rasterization and stored in the compressed page image.

The main processor 750 passes back-to-back page images to the duplexed print
engine controllers 760. Each print engine controller 760 stores the compressed page image in

its local memory, and starts the page expansion and printing pipeline. Page expansion and
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| EEE 1284 (parallel port), 10ase-T and 100Base-T

Et hernet, USB and USB 2.0, | EEE 1394 NPS065-SG 77
(Firewire), and various energi ng hone networking
interfaces. If an Internet connection is available on
the | ocal network, then the |local network interface
can be used as the netpage network interface. The
radi o transcei ver 753 commutfi cates in the unlicensed
900MHz band nonal Iy used by cordl ess tel ephones, or
alternatively in the unlicensed 2.4GHz industria

p“%‘é‘}ge‘ﬁtpill’rei"éedal??&aus‘i’rétdlﬁ dmpragtica\ip staman cntie 1L4MB Hijevgl EHAKHR

paddORREIE nRdncol | i sion detection to provide
|nterference free comuni cation. The printer

controller optionally incorporates an Infrared Data

726gsoq:ipam@,me|&gcaﬁ)-RoLL§§erface for receiving data

'squi tﬁg from devices. such as et page caner k
al t er’flila ge expansion émtrirgrn% mgtp éelmerri) (e DI €0 met%)gg‘lsﬂeb b &sists

of iaritighr fpeed IEER 1394 ogetialr mtegececﬁmm rstaaddrd PEGVdkdodsuiasablsyandard

G R NS e B P iAo g Sinbaom 1o oS0t pestootlsy 766, o

liny Bhddr/f@thatidi@nit 06U BRIY cuStopidigierficd768lioIhe MBEjePA@PEinthead 350.
objects, it runs the appropriate RIP software on the

DSPs Ths frintl bipildSRBatrdlkef 36@9p@hteZ B £adblePngRred afdnérD WHIB one

SR I 3 . B S0 5 e

pag'Ehﬁre&i o GRAMEEO addPabsedfhrddgh 8 Genteakink @(Llﬁ‘ro%gﬁbpehﬁe Dice the
he DSPs can

h DSP. t te
Pagﬁ\ﬂég@glﬁe Pﬁ%tﬁ{ga@a g%%‘ﬁﬁl%ﬁ@égegnsa ér?n‘s?dtwlal.%yﬂm page 1 foaded.
rast |§§ gages &g in general, be stored in
agy olxhe Ripling [ pandg &ty 7é3b816e¥?ﬁ6a¢wreﬁ%96rwnwne

cmSE’ 145&11 E:k;%:ﬁ«!d @n76ahen Gres) £ FhZidipr&RArti- 1ev@mwm53re§ and renders
mar k régéons in the page description are

(at ﬂé@tﬂé"r bideyg! pdpage tagravsheccrdug i the dae format definstl ipsegtiappl 2, all in

par‘MHl Chhel sScdn@3BbESHeYs GOTE3H %%%gtoﬁ@cm [aPirng c&hﬁc@ﬁéﬂ% 765)
ch forpns part of the " conpresse e i mage.

the. Paflﬁvo?# ek | lmyer | aypre thepfesyltieg brlemlewﬁg yerorﬁhamqsﬂte@d@devel

cmtﬁﬁgi%tﬁ R bﬁf‘fe@d Qﬁﬂ%hﬁé&ed 7%}3%&1%&% Bffae Ngéﬁﬁetmﬁ%ﬁ%ead

encodes the D, fhtr o
35(1 he adettcd line beffeen lMCGf ofethcsh lmaguﬂ‘@s gesteredtiethe @mthngRAM The

sl AR 0yt RSP P B IIPEERRTRRE0G pT3fGue
prititheat! 360 dia p:ﬂeq:xiatﬁemmuetfaceéfﬁgl ne controllers 760. Each

print engine controller 760 stores the conpressed page

I magéVhen several print engine controllers 760 are used in unison, such as in a duplexed

configuration, they are synchronized via a shared line sync signal 770. Only one print engine
760, selected via the external master/slave pin 771, generates the line sync signal 770 onto the

shared line.

The print engine controller 760 contains a low-speed processor 772 for
synchronizing the page expansion and rendering pipeline, configuring the printhead 350 via a

low-speed serial bus 773, and controlling the stepper motors 675, 676.

In the 8'4” versions of the netpage printer, the two print engines each prints 30 Letter

pages per minute along the long dimension of the page (11%), giving a line rate of 8.8 kHz at
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its local nmenory, and starts the page expansi on and
printing pipeline. Page expansion and NPS065-SG 78
printing is pipelined because it is inpractical to
store an entire 114MB bi -l evel CMYK+I R page image in
menory. 7.2.2 PRINT ENG NE CONTROLLER The page
expansi on and printing pipeline of the print engine
controller 760 consists of7% high speed | EEE 1394
serial interface 659, a standard JPEG decoder 763, a
standard Group 4 Fax decoder 764, a custom
1600¢mi 1p Hherl2c 8%18%% of gfe nsiprge PBer. the BYPSHHHFREMGS eash pERlp 45 Letter
pagel Ber BinudeialRo IRAUEH 4inQn &8 bethe £§et(8’zé§7 lvfﬁgq IRe FHSHOTD2 kHz.
I nterface 76§ to the an]etTn1pr|nt % The print
Thesgding gatesore pell MéthingBoorspsing fiegueney of th@hﬁgmeet’a‘mrméw@ﬂ which in
mé@%ﬁ @e Wb &aPfFgPage i s | oaded into DRAM 769 via
speeg serial interface 659, the previously
Ioaded page is read from DRAM 769 and passed t hrough
8. the MNemhcefgsge controller pipeline. Once the page
has finished printing, the page just |oaded is printed

mhll gpﬁ n page is | oaded. The first stage of the
plpell X gands (at 763) the JPEG conpressed contone

CMYK Iayer expands sat 764) the Goup 4
8.7 hx- c%ﬂ'b?" epfad Bliag bl ack | ayer, and renders (at
766) In h:edeb Ite Iseppeh “ramg]aa;gd{”t m@rdcag&emthcactaggéid rr%lbm viahfe sensing

aclgB G Rly £k B RIS b ey one e i NG view no
matta‘y&ﬂferealndhmgipm sit 4t @ﬂla( @leniaidy) it id goeitibined| Eiwadequiited dlameter of the

ﬁeirdg’ﬁe{eﬁ’x?’r ‘F“S}“§\98‘f‘°e ltm?%iqri?é evt%&‘ GFEL %ﬁ%@?&gfé%ags 4

formgtted (at,76 ri.ntin he Mem etr i
i nihafiestGines o bR Sudbe i bl Bigh Ao Pradgerd g 4 descrived
earhhefhe nlihif@mdiddiedrsn aff the SdnedrdTdld oT vidWeis @bfainelh ivherDRAMes 500, of
stage prints the s“fachannels of bi -]

fin vel .
dingger g 61%4 oAt Ganaplpesrid & TrEn bhigwe Fhpnd defined in BQ
1. THid RbOeadd RBéh thé denthfo- @wﬁemaF Q@idink I 1RE §aRQs HoGag dMhSMer k.

several print engine controllers 760 are used 1 n

Uni somith $4g diadStet B o2 GWRs@XLAm £ P60l PUI Atid ﬁ&efo}ehs%.\z d@trs €-8.8
synchroni zed via a shared |line sync signal 770.

mﬂan‘émaﬁ Pict @rgiohdd dotso;e. apifistiediag dipmetse k ek 2T i (~43 mm), m

incPoRsh &F 985ldeMe-P3 Amf 71, generates the line sync signal
770 onto the shared Iine. The print engine controller

760 opRnahd@gPd 111@%0%@@‘@ disRhQCEPIRS wHefes TSQIE least as large as £, then
SynChr oni zi1 ng t he e expansi on and renderi ng

ﬂwﬁmﬁéwmﬁ?k“ébﬁﬂW@ﬂW@h EQZ-printhead 350 via a
| ow-speed serial bus 773, and controlling the stepper
ot orvheg 71, overkeg, is psiteidn e drorigaatad Hiserion Petwhen sweqepupelines of

tagPSHALRF exdnliffe 1MhaRY k! reERGhPRRGARR BEI ALS ROmbRULHhet by a
minimum amount given by EQ 3. For a 256-dot diameter tag, « is therefore 40 dots (~0.6 mm
at 1600 dpi). Since this exceeds the quiet area required for the tag, the quict area can be

ignored if tag lines are rendered to not overlap.

Setting s = k + u in EQ 2 gives EQ 4. For a 256-dot diameter tag, s is therefore 296
dots (~4.7 mm at 1600 dpi), and m is 598 dots (~9.5 mm).
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pages per mnute along the |ong dinension of the page

(I 1), giving aline rate of 8.8 kHz at NPS065-SG 79

1600 dpi. In the 12" versions of - the netpage printer,

the two print engines each prints 45 Letter pages per

m nute al ong the short dinension of the page (81/2"),

giving aline rate of 10.2 kHz. These line rates are

well within the operating f#kquency of the Menjet~

printhead, which in the current design exceeds 30

kHz. 8. NETPACE TAGs _ 8.1 TAG TILING 8.1.1 Pl anar
8.152, 1 oRherigg! FurfacgTag THINGer to support "single-click"

I Nt er &ctgdutun isisibedian timgfj@cused gé dre bakia f@ gea&atingGan almost regular

.devi ce. the sensi device nust be ahle tq s at _. :
wigegilad Tinecol & BTG 4 Sega" (SRAhron W SoStedeR ngo Miewre 3. i
comb&e€ of twehtye:quAgizod cqiila@dial whagulorthep 28 'slfaﬂxf]g mlir'tySed es 530 and

Ie 0

ositioned. T requi red dianeter of th d
el ises ?ﬁewgﬂﬁg? ﬁfgﬁ%%wsc@oin?efew &b PEIE VETifRE ST on of
the sjze and spacing af the tags 4. _ln the_case where
the tayYEpde reaed @ﬁ%rﬂ}e icpefiedzon $34¢s Hsefhse i targsy smhere,
andlefE tidagd 528af thd RbsahddAch TT61d U bR Mleqihl Afimbdd 8 equal-sized
sensqr field of viewis obtajned when the tags 500, of
eq‘&ﬁ‘éﬁﬁ*’gﬁ%‘?ﬂ“ﬂ%m"a‘?‘é‘l it yeldrihegesisguprbusibst oftt%lﬁt%%@df gch edge 530
of @el iosal@AroR 1O Wided ifth FWqRal IRteRRE, AGhHinBGkel BF £P podnts diBASeach
S

is achi eved when the center-to-center tag spacin '
edgenandserahe Pais of sneresrepding Befale elong anyivorpdiacer gdgss devisined bk a line
paz@flel%'é_? EhedRhs sﬁejréd Eﬁ]}c,%ﬁt él:ng,Qhéj Rhek rs0 Wrdvh i‘i‘l{é?sggfa? ki éﬁ%es of the
dots (-8.8 mn). "Wth a gquiet area of 16 dots, i.e. ,

desingd eqapaleized and gguiditaphesubdivisionf triamgesd sesylting 4in thengyeation of +*.
tridnBeS $8S GRnkRaroBde 99 St bieSicokahlk t Aindif

' mg)veg ad F%t 2iarnc ee S apar te, 1twher eons%g%gtﬁ}?e%%?gﬁgsm?%fé)ef the
respléing ] 0w’ hedvertides five triamputaf faeh cheatfat vachwr ile tgelveoridinal Btices of
oo SRy P B TR B M G S BBl s o
twalyeaongiie] veticm a2 baepdy dinde thenphaasilele, thd ematndgsvertiesd libRiside

noved rt a_ mninmum ano iven. by EQ 3. For. a
ine RS PRR ol el Pt ERishl il SHiole patereg i e
desaed iGP0 dpi ). Since this exceeds the quiet area

required for the tag, the quiet area can be ignored

i f tay splicree sppadximaten de hedgller OfheMoRih aAlls walik irdTer&l o as a

seefy, S B aptsa®h iy Telfiedo sk e eafisron ol e St oot shows
an {c8sah&ffal@eddesi¢ 584 withws, i.ANRTN 680 Htes 528.

The closer a subdivision triangle is to the center of a face of the icosahedron 526, the
further it is from the surface of the sphere, and hence the larger it is when projected onto the
sphere. To minimise variation in the size of projected subdivision triangles, subdivison vertices
can systematically be displaced prior to projection (Tegmark, M., “An Icosahedron-Based
Method for Pixelizing the Celestial Sphere”, ApJ Letters, 470, L81, October 14, 1996). If v =1
then no vertices are created and the angle subtended by a triangular face at a vertex remains
60°. As v increases, however, the surface defined by the five triangular faces surrounding each
original vertex becomes increasingly flat, and the vertex angle of each triangular face
converges on 72° (i.e. 360° / 5). This defines the worst case for a tag tiling of a sphere. In a 72°
isosceles triangle the base Iength is 1.18 times the length of the two sides. The maximum tag
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80 8.1.2 Spherical Surface Tag Tiling A regul ar

i cosahedron is often used as the basis for generating

an alnost regular triangular tiling of a sphere. A

regul ar i cosabedron, such as icosahedron 526 in Figure

53, is conposed of twenty equal -sized equil atera

triangul ar faces 528 sharing thirty edges 530 and

twel ve vertices 532, with féve of the edges 530

neeting at each of the vertices 532. To achi eve the

required tiling, the icosahedron 526 is inscribed in
speccgliggseﬁo gﬁ%@ses ogﬁ@mgggqg thg §egﬁ§|f@1d5(§8/1qyf istthgeefore close to 1 18%.

Witlpé)ﬁi?rélﬁﬂfe%@ oﬁzﬁs dots Rt 888l of T Qo Me SAUALCtAY &Hg%an%r k of
equal-sized equilateral subdivision triangles t

27%1@5 t-43HBmy gsis ¢ tPfftr@@"eﬂ dofp (nBe? mgD) agqordinegp &€ 2.| each
edge 530 of the icosahedron is divided into v equa
i nt erthel anglejenliteridedy by sash estge vofl apdeasehedesh ostgtheaeshter of the

buggggnm n&A% LRIy §J 5cor respondi ng points al ong any
two adjacent edges |s JOIned by a line parallel to

the .
e ert BB B A R 97 ISR 410 gven
tagahain@qu |Kaineheasanswipits 38 75 ilemuimberaefghgs 3, reqasd ltd caver tha sphere is
kD ﬁg gation of V2 triangles per triangular face 528
BV X I'cosahedron 526, or 20v 2 triangles in all. O

t he I;esu%&}gglsh 1ezdfb]ﬁ%yertices five triangul ar
faces At "endi" SVt he "t wel ve orlglnal vertices of

the igcosa
t he egg i 0 olflg?(f]tg ggaa] tae \l)%ercifracgglgy ED v?a@%‘ﬁ\f%qumng multiple
regirmk ¢ o@vder the sphce and R s mlkeremd;e 4.3 emos dbbe:, gpherielimidd oe-310

mthe remaining vertices lie inside the sphere. Each
"¥reated vertex is therefore centrally projected onto

the s the eplre tilin A spher

appr o Bt b S of P s brshod i fynbl (g 77 wm s 41
evanBf spaded thok ovith Aegligiblieadigishat spading. Sublea pRbEWsed BI81Y tagSin total.

referred to as the frequency of the geodesic. Figure

54 shows an icosahedral geodesic 534 with v=3, i.e.

8. 43 t h ArBtrdrp CasvédlBurfadeTag Didimg a subdi vision triangle
is toy E%{gfé%sﬁ rcaIQfa}t)ﬁo{ﬂQt@ aogurlfa&eof &Qﬁ%%ﬁ&%pﬁg gnd tdpBlogy

further fromthe surface of the sp
witheidatredweing disgantinpitiey er W&ﬂr@p% jveitht thel I@ﬂt spatehfef the mesh being

dw&@aeo&qhe 1581 T3 taeasn QR ah Mrfb%mﬁi Agsu%.cg%@bﬁ&én%g ofa

subdrvision triangle sub§|V|son vertices
triaggls mephnfor & a#rtlwlzuéuuﬂaosmnaﬁe@wp nporeguler tgingjotags @ be produced as
r . - t .
ong ¢ Rt WigngleEhpe P T RIRHE AV B ML b Gh g0gs lepgp. 4
tiling is @msa;cb:eqd eff4ctive 3GB)resppdt ttwa partlcularrsemsmgoievleqs tfitieeBeld peview of
C e I Iar f
o SERBE A0 B IANE AL SRSl MU B A5G,
sensing flavde odelid sagfekeby t he five triangul ar f aces

surroundi ng each original vertex becones increasingly
fMHMﬂ@mmmmmmmmmemmmmmwwﬁmmhmm

i S B of T s i Ry dier b a5 PSR Broeeeds by

inserting a tag at the midpoint of any edge whose length exceeds a maximum tag separation s.
As illustrated in Figure 9, the maximum tag spacing s is calculated so that if two adjacent tags
4a and 4b are a distance s + ¢ apart, then there is room for another tag 4¢ between them, i.e.

EQS.
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I sosceles triangle the base length is 1. 18 tinmes the
l ength of the two sides. The maxi numtag NPS065-SG 81
spacing s for the purposes of calculating 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 mm), m
is therefore 643 dots (-10.8 nm according to EQ 2.

- The angl e subtended by each edge of an icosahedron at

the center of the circunscribing sphere is given by
EQ 5 Hwyyever. §piraiceeangledhgtwesn fwq ¢gessafdengtingt qiisdéss tae /O°, then

theGRRbE Yl Qbeet ed edge is rO Gven a tag dianeter
E%? K(?%&t%e(géﬁ@ units as r, the nunber of tags n

requi : . ) -
g vers G R BRYEE 1ok o BREhGbe p G s i e ced.
Whﬁﬁ,t 2t Tht fngwntth gentezeangf Galh&ﬁ)eb(bmestaefgndtim] of & #ndut as shown in EQ

requiring multiple regions to cover the sphere, and K
"is taken to be 4.3 nmin as above, thenr is limted to

-3 10 typi.cal. gl ope s.,a radiug of 160 mm .lts
o o P e Bt Biis Sorngi R iR 4ol e e Suspl iy et o be
eqiiR@sal VBt As NGt B IFRuadsl, whenat £ IP@6 b8 Yoss Bdf BoBwgorb@serted
uses 16812 tags in total. 8.1.3 Arbitrary Curved
tagsQyrlgPRINEFag Tiling A triangl e mesh can approxi mate a
surface of arbitrary topography and topol ogy w thout .
intr g’ﬁﬁ@i‘aﬁ&“‘ﬂ? ©g STRTAHOR t mEY b Pt Rp thedierpiaignunyjeg peppqtion £
in 406@hncs Gah &pfo.t he mesh being dictated by the |oca
curvature of the surface and an error bound. Assum ng
the exh&t &AGiBerdly Apartidul AR tRSR, fiRfe Me B\rtdiGMbidhg insertion
surface, an effective non-regular tiling of tags can

sceg@riqsy B grseming dhat the agjnigyimeveex redthis e ilesh glae 306 pehetfof 40°), it
cal ThHTW YR e Xe 8NP h]%shat?l?ng:‘ie st TAER 9980 RAGHD: %Aqual to s in

tiling is considered effective wth respect to a
lengthyy the gemaining éwie iedgys deeviessetharf 25 hadlergtlo| o pofetiss thoyngfimumhesrtex

el ' LS guaranteed to include at |east one
ané%%péctgggﬁt\aﬁ%a%%é any position of the sensing device on
t he Ih J | | praocedure. st ar b | acing,.a
tag o Medff s iy L b BB Y TRl ST el P 6l o e
tagkiag gf the trimnglb & adremdy camplefee t ag di aneter k. The tiling
procedure proceeds by inserting a tag at the m dpoint
of any tiedgeonhes@ricgfignie ) caeddgas4Baxi mmnglags0 exceeds s in

separ.at Lon. s. iJlustrated. in.Figyre 9, the maxinu

enHERURL ey Vs et R RSt Pk S ey e o e

trignglg$50.4a and 4b are a distance s + s apart, then there
is roomfor another tag 4c between them i.e.

In the third scenario (Figure 59) two edges 554, 556 of a triangle 558 exceed s in
length. Tags 560, 562 are inserted at the midpoint of each of the two long edges 554, 556 and
this may complete the tagging of the triangle 558. Centers of the two inserted tags 560, 562
together with the two vertices 564, 566 of the short edge 568 of the original triangle 558 form a
trapezoid. If either diagonal of the trapezoid exceeds s in length then a final tag 570 is inserted
at the center of the trapezoid to complete the tagging of the triangle.

In the fourth scenario (Figure 60} all three edges 572 of a triangle 573 exceed s in
length. A tagged vertex 574 is inserted at the midpoint of each edge 572 and the three new
vertices 574 are joined by edges 576. The tagging procedure is then recursively applied to each
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EQ 8. NPS065-SG 82 However, if the vertex angle
bet ween two edges of length s + 6 is |less than 60",

then the inserted tags will overlap. To prevent
inserted tags fromoverlapping, a mninumtag
separation t is introduced, where t ~! k. The m nimum

vertex angle a then becones a function of k and t, as
shown in EQ 9. Cearly, wan t = k, P is constrained
to be 60", i.e. the mesh is constrained to be

equj | ateral . But as illustrated in Fi gure 56, when t >
of !@e fourrssyltans triangles PRAR TH079\A0d RBYNotsEhiak the gew frigggles respect the

mifi & ARSI diie bEERsd RS HIVERNE S SRR A ticWighal 13,
based on the new m ninumtag separation't, in

accorgRnGaiIMk b iiERs 48sudhefcg aNEbiler i ng a particul ar

mesh triangle, there are four distinct tag insertion
Tag@enafapqmng&érw ng that the m ninumvertex angle
is no ['ess than 30" (i.e. half of 60'), it can be
shown that whenever a nmesh triangle has at | east one
RffRel PSS tThan of equal {0 SheBnidgeNgt N, the remai ning
two edges are less than 2s in length. In practice the
mi i numlmm‘eyﬁﬁ%ﬁ@gl? is typically at |east 45'. In
e 1T rT 0 (Frgure
54 ex*% %fa@gféﬁ length, so the tagging of the
t ritang ﬁenlrrmﬁadlam&tw otmbetldd of viewlve ssicfecnd scenar io

o

_(Fégu' nq% 'é=nt‘éPE;5%e?{t‘é’rté’¢1§;garc¥dedd°‘”9' e—550—exceeds—s

in le N, at the m dpoint_of
t he edpnisuwsh canterdmeiertee taghspatiaggi ng of the triangle
550. Ih the third scenario (Figure 59) two edges 554,
556 of a triangle 558 exceed s in Ilength. Tags 560,
562 are inserted at the m dpoint of each of the two
8.d ong edaessprd: 556 and this may conplete the tagging
of the triangl e 558. Centers of the two inserted tags
0, 562 .together with the two vertices 564, 566 of
'2l' ﬁ?&‘r?"%’éfg 9868 of the original triangle 558 forma
tr apél“pmlldw alpen-dke tm;singidarg:@ habe wkd amcctnrfar@mmwxmmsnt a
range%{]%alrn%ogﬁt%hotng ﬁ'ﬂ(sta\)e s'uﬁbg)rt{:% %gné:éz e ep%eﬁ n%th“é %?nsg'g’m%aatoob]g 11{1 ﬁontact
with theamghe, the rmrlbﬂtaldnmﬁ thelpes camizr Gharaét‘élngad rbg tlﬁQ)awa(lz Irotationig epitch

o PR 0o T Ly R FOh ¥ FUGRRES il W gopo e

peredgsw bS iR oastielinkd 6t ik Inragmable v constrain the pitch and roll of the pen as well as

the overall tilt of the pen resulting from the combination of pitch and rolli.

Yaw is conventionally applied after pitch, such that, for example, in the case of a
pen device it would define a twist about the physical axis rather than a direction in the surface
plane. In a pen with a marking nib, however, the image sensor is mounted off the axis of the
pen and the pen’s image sensing ability (and hence its yaw sensing ability) is therefore
constrained unless the pen is held almost vertically, as discussed below. Yaw is therefore
applied before pitch, allowing the full yaw range to be specified by rotating the pen relative to
the surface while keeping pitch and roll constant.

Pitch and roll are conventionally defined as y and x rotations, respectively. Here they

are defined as x and y rotations, respectively, because they are defined with respect to the x-y
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vertices 574 are joined by edges 576. The taggi ng
procedure is then recursively applied to each
NPS065- SG 83 of the four resultant triangles 577,
578, 579 and 580. Note that the new triangl es respect
the mninmmvertex angl e because they have the sane
shape as the original triangle 573. The tag tiling
vari abl es are summarized inSfable 4. Table 4. Tag
tiling variables variable Meaning p mninmumvertex

angle k ta iameter mmni mum di aneter aqf sensor .
cofE sXverd il i b i Y AL e e Bk x i
is thagatafahixterd) akis When PeWeCBNA Gder. 110 2 GightIRRddIBY &RAKIRGystem, roll
. 8.2 TAG ﬁEN#!NG 8.2.1. Pen Orientation To_allow a
15 SORVeRnRlly frlinedy a3 eRste  Whegle apdclerkyise. Wogs T Bich apide yaw are
convehfidnally HeTibd UgTBdRttive 3vheh BREIEVIRS. HRRNIOIOtBBsHré A8Thed WS bositive

be supported. Since the pen nib is constrained to be
“mFﬁmEBEF§%¥& with the surface, the orientation of the

pen can be characterized by the yaw (z rotation), _

pi t chihe@Egn’s gvsadl] @hi) isalated iq ltS(fytcg & and Gayoluw) imascesdance with
E@$L.illustrated in Figure 61. \Wile the yaw of the pen

nmust be unconstrained, it is reasonable to constrain

the preCRn8Nl b@dcks ME sEARE aPRRICRSuRL | fefisres LBEmA e?rsfilldlifferent

tilt of the pen resulting fromthe conbi nation
poigfstip thedisdd oforiqw, andytherebore affiptsrihg pelition of sl imagk sehtoerSince it is
imPradt Bl to SUED teNdda, didkQly 48R Fon i) tﬂéqﬁencsatﬁ{s i afficts B istance

device it would define a tw st about” the p%y3|c§i axi s
fropgthe, aip te Figrverferdifithecimiagadl drep. This distanécamest bp kreoven, to laHowa a precise

: s " ge sensor is
T e B i O B BB e bt B oo T rage
sensing ability (and hence its yaw sensing ability) is

8.4 per Qﬁ-ﬁPS Seh@inyt rai ned unl ess the pen is held al nost
verti af]é% as “di sqgussed gelomn Yaw i s therefaore o
appl i €8 ' AVt ,“_lc’éll""le i hgeneretinad iy asalid halfiengle ¢ (giving
an Rz $eldl dreskwoyr 70! Adl aﬁl?htpg}bﬁeiﬁﬁ R DRILBYd € shrfice WhEN the optical
surface while keeping pitch and roll constant. Pitch

axig fivertisel. Adiheushahe Brep 6enapr iy tpidalln eagtangnlar, eyl the largest elliptical

HaRth & iR Bnagk i - | S
Suand.y roté?igﬁgﬁcﬁégg%%%Fﬁ%&%?kgg%gggé%?ﬁg&hgfgmgam%tOfﬁw
surfps¢ {spmeped s guandiSedbearliro the x-y  NPS065- SG

The intersection of the field of view cone with the surface defines an elliptical

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

Figure 62 illustrates the geometric relationship, for a given pitch-related tilt © 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 defined to be clockwise positive from the vertical. The equations

which follow apply to both positive and negative tilt.
When the pen is not tilted, the window diameter (i.e. |BD | ) is given by EQ 12.

If, when the pen is not tilted, the distance from the nib to edge of the window (i.e.
|AB| ) is 7, then the distance S from the nib to the center of the window (i.e. |ac] } is given
by EQ 13.

When the pen is tilted by 8, the distance from the viewpoint to the surface along the
NPS065-SG




84 coordinate systemof the surface, where the y axis
is the natural longitudinal axis and the x axis 1is
the natural lateral axis when viewed by a user. In a
ri ght-handed 3D coordinate system roll is
conventionally defined as positive when anticl ockw se,
while pitch and yaw are conventionally defined as
positive when clock-wi se. H&re all rotations are
defi ned as positive when anticl ockwi se. The pen's
overal | tilt lated to its pltch(~) and the
opties] FXls(l;‘i)feCﬁuPPdé@éé‘rediﬁEg) giverhby BQ141. The pen's tilt
affects the scale at which surface features are inaged
at di Teeridthrof thopiindow (i.er [FHE) itkeingiveh by E@A5. and
therefore affects the resolution of the inage sensor.
Si nceljand xgnust htpclwsetni wahattao adapstelytlivrge arce & 1d1'agtﬁbtlﬂoyghout the

soffPAFL ik 3R s Romeeoin P et creho B Br bl Rubh wite e
width efithe At ifliged R B ginds by B€ IS0 DM tHep gitbd D18, pr eci se
nib position to be derived fromthe position

det ermice @rhnlrodre Hfh&nﬁlﬂﬁ anamagezsehmaeolﬁmshmbemﬁlseﬁlidss ket the
y a soli

. of view c ed as a cone defined b

impgg! o8 gy qlaat%gﬁf\?m?@ L&y {hat Hsumamy Satpre,fredppsy; 16 fampled at its

Nygisk rald ofpigherhei ght of D above the surface when the
optical axis is vertical. Although the inmage sensor

i St yWhédinla¥ed, fetsa41g bt € sudeb Vedrbied \@ﬁlgﬁéxteaﬁﬂé difhilce Hom the
subarea of the inmage sensor is relevant to

vieypainh Ard é‘i‘ﬁ‘ig‘“frﬁ%ﬂ“gam%’faf'?fb F#ive o | thy §lewingr fay oPothpfactors have

maSildfubiREeect & ol E6h posisivailiRRtd fdiR 31 BRhbdaBle t11{”i@ at the point in the
intersection of the field of view cone wt

windgpy Bigthest fpmntbe vigwpeint iNsitg that refegpnseoto BHn thefonﬂaéésmssmn

appti toSH WhlH@Wil & ebdiwll ar when the optical axis is
vertical. Figure 62 illustrates the geonetric

rel atjyg 'El?sﬂah&: of pBint A i \RIV il S B Faqs %\ré(ntbg%(?h the

pen's optlca axis, between 't he pen’s

t he %%Qh }_gg,g% Gl mafﬁl‘zﬁ &5}: g '}'J]ﬁ 't(?}hg &Jw;n%fa?%rough F

wi ndow ( The efIne ockw
(Efdsgivenky BQ &¥n t he vertical. The equat| ons which

follow apply to both positive and negative tilt. Wen

t he rié‘the pgfagofeatuid fteadency e, ternitiommgdiansuefier feftiredreqienBho at T

(i.e. dw1t Ire\élgercl:t t;ro¥heEfQ %gf vig 'dflf\:l\é?)%gth tjgc fsl,igévewbg EZMSJ | t gd t he

rom

th d t h bt t
of th\xﬁﬁea%w%e “éct% e GRS Hyeetion 1%339\%22 ?Le
fromt e Vj oint to

? ﬁg tﬁrlgzltgtgesgt}sg @%ylfégg1ﬁg§%%§ﬂc 0 image at least t e entire angular field

of view. Since the pixel density of the image sensor is uniform, it must image the entire ficld of
view at maximum frequency. Given an angular field of view in image space of 2¢.’, an image
sensor tilt (i.e. image plane tilt) with respect to the optical axis of 6, and a sampling rate of n
(where 1 > 2 according to Nyquist’s theorem), the minimum image sensor resolution g is given

by EQ 21 and EQ 22.

The cos-squared term in the numerator in EQ 22 results from the same reasoning as

the cos-squared term in the denominator in EQ 19,

When there is no image plane tilt (i.e. 8° = 0), and the image space and object space
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85 optical axis is reduced to d (i.e. |I GE given by
EQ 14. The width of the window (i.e. | FH 1) is then
given by EQ 15. D and a nmust be chosen so that an
adequately large area is imged throughout the
supported tilt range. The required m ni num di aneter m
of the area is given by EQ4 while the wdth of the
actual imaged area is given @y EQ 15. This then gives
EQ 16. Once D and a are determ ned, an inmge sensor

ey h t hat t d
%Lﬁ%ﬁjtfﬁﬂfsg?‘yewfwa (59255 s o swgge@%ﬁﬁcﬁﬁ qreais
f L ed St t h h _
vmrgﬂu}%ﬁ@'af% SRR Ereot G d ‘33#13@@5%@%%5@ Sh

i ncreasi ng distance fromthe viewdoint and with
i ncr e &P hifeiimage Mane; tdhanddhe phiges plage tiffears pqul @rg ¥y 6), and the

imBRt Badeatl 95_]§ctr§§é6§ ané%'ﬂa&%ﬂng\g%e e%[lalre(f)% r&]t’ oc)i EQ 22 reduces to

(fOSI tive ti'lt and point H negat’ v

Be point in the w ndow furthest fromthe viewpoint.

Note that references to F in the foll ow ng di scussion
appl yMatehipg fiveinage @lapg Itilt fosthe objmeti pane (Tlh ¢hedifsrt: amds ofmaller

req%ﬂ'b(mm%e sERGE ElQ@e th\ﬂl %%\@19 'tl‘l%t 1|th% ensér tglfls f‘?]xegl u%?% C%nd e%mnates

due to t 1'on
perspdcHYs dl@tOttmnt fign \lheewmged ayagthVariepe Hnagé EEysod &ilt gs, ieivever, a

relﬁﬁreggoé)ﬁ?ptiog u{ c:ti%ésI g Lc‘?gl xfegl?t dh eeatfelr (? g%ec? %é{dl sf t hen

e~ an ar su ace’ quenc . €.
th
:Ms gi P\rféﬁ b §§ EIEBI eome rH: 1d lgtl?rgl\{\%' 06 B ngv@i‘ “’gf rﬁ]‘??%tt{ltl ({ o the
per(’s oicalOixis, ﬁb)gve@hheaaeh’edlwz@ﬁmt A), HpeW's opilval dxiHQE), aRNGO field of
vie i L0 Pl P ReaebS ingie 1 cloPtee i e helarrgrat Wit

theafxcépiion lofmlgpl.?@ &lilispl'éceﬂﬁlg léf]lha‘hﬁﬁmpplyt eqibBt tol FARGRILELARIIL. For roll-
entire field of maxi mum freq ue% ,Gven an
e

mdgi;f:éll}}ltatll'le ]dﬁsténpca: .%frorg Itlgvgllp ];9 tp‘ﬁﬁ@@r gﬁ@e aviggo A(é|r) i FraQeather

thaﬁg@medb)}EQ@B e. image plane tilt) with respect to
the optical axis of 0', and a sanpling rate of n

(whermyr Pitchlindwe® GROMhE | 'rrﬁgm’f'uge R i (€ rafgd Q%ﬁtgledggl%fosmg a

m ni num i mage sensor reso ution IS glven
migRymenpgbive) tieandog maginane (positivehti TnWhlhb haventhe atoe image E@lsor

reqdifeniéaP Wires, fbF ﬁf@htlﬂﬁcéﬁm tﬁeem&l i gn\xaesdlstglﬁqblc&?atﬁzg VAR, for
en

termin the enom nat or ere
poqltﬁ/ﬁé@t crjf [therrame pqagm(qde dhe mlmmm'@)uas aaqmllﬁmagnﬁu@eh@phe:maxxmmn
F oﬂﬂﬁ-nﬁmeﬁq{lt tﬁ@%@e th@'?a%%%ag%cﬁﬁ
As described above, the smallest features of the tag 4 are the structures which
encode the data bits, and these have a minimum diameter of 8 dots. This gives a2 maximum

feature frequency fof about 7.9 per mm at 1600 dpi.

As calculated according to EQ 4 above, an equilateral triangular tiling of 256-dot
diameter tags with no overlap between successive lines of tags requires a minimum field of

view window diameter on the surface of 598 dots, or about 9.5 mm at 1600 dpi.

Most people hold a pen at about +30° pitch and 0° roll. The inking ball of a ball-
point nib loses effective contact with the surface beyond about +50° pitch (i.e. 40° from the
horizontal). A reasonable target pitch range is therefore —10° to +50°, and a reasonable roll
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angul ar fields of view are equal (i.e. W= a), this

reduces to EQ 23 and EQ 24. Wen there is no object

plane tilt (i.e. 0 = 0) this reduces further to EQ 25.

When the image plane tilt and the object plane tilt

are equal (i.e. 0 =0), and the inmage space and

obj ect space angular fields of view are equal (i.e. a

= a), EQ 22 reduces to EQ &b. Matching the inmage

plane tilt to the object plane tilt therefore yields a

smaller required image sensor size than when the )
ranggpd’ 18 efSobearipng in migd greptsylimitatiops ¢t cogyhined pitgly angd relkas given by

qﬁyspectlve di stortion fromthe captured i mge.

ariabl e image sensor tilt is, however, a relatively

cot | W&@lﬁ%h%ohﬁa@fﬁg: M?Ma@ﬁkqltﬁbéﬁ 1&?&%%3@50\%‘[&1@“lﬁrElectromc

dept h of Filgure 6 [ustrates the geonetric
Cofneragion.cnd i G]@S(‘»ftbefi Ing r@pvéw I‘iﬁk}tl‘% K ENabesdda, N @klﬁemiﬁ, R Nagayoshi,

RhI t »
an(?ﬁfb%éﬁ Ié lgfg{l I5 s 1§%£’?§%}’gé é@relﬁ ﬁlfrﬁétf?rg Qﬂ&;eﬁ S}/L&m IEEE
Tragsastions qnAFgctroMiedavicks, Vol 44 gaimber bf flamady 2090bie smltwlrkﬁm seina
co:ﬁ%c{ %Ethc% sIlcrhoarp tpre]:r(le 4 Earst | %%ﬂabl\évresplutlon 0 aal%f)(r%%?ng{e?yrb 1%x21|’:5%1xels

recad i'ng equati ons app
Assunhhg eqmdlmmge dndl dbjecphce amihilar ﬁiemdzhuifetéwt hd tmetgh @latkd SK,aNE & nib-

ib,to the center of the w ndo i I AC. .
ol AstapEs faf 4 AR RPT ety cebp B 1ot 150 2416 nieve
theftekiedd-pitonl hbﬁﬁdlltrahdgtas stitbPabrRgViklds 6l QiteH rahdd @i 6t to 1ALFIB49) Snd a
maxi m sed choosi n%‘la m ni rrum(negatlve) tilt and a

mlhﬁ%w‘m%‘ pES)sT%Su ) vith ¢ vigningrlinanse X e Ogamsnd pmgigular field of

vwW 98%° %o[ LYy RERLHa @ gl rank@{s a&hilglh 15 adug d altn tlhIs Isig m mapped
he surface i's nore |stant negative ti

to piw tp itheedesiréd rapge yhgitchmgehengyyioal tastiet —5helanmtmﬂmphms;alaaxns

MR 0 R R i £ s

plabdhe snal I est features of the tag 4 are the structures
whi ch encode the data bits, and these have a m ni num
di amefthe overhll Bendil i thud borfined 16&5 elliptieat coReWhoberadjbl gle is 64° in
frequency of about 7.9 per nimat 1600 dpi. As
the@&fﬂt@%%a@é Wé*ewla?rﬁaglw Yomtheplplinean equil at er al
triangular tiling of 256-dot  dianeter tags with no
over | “B%&e\ﬁ%‘@}ﬁ‘gé’ﬁféa@g’ééie\%mmﬁ%@énb?abﬂea@s requires a
inimumfield of .vjew w ndow di aneter on the surface
Tagi"" Sémagepensipg vapableso. 5 nin at 1600 dpi. Mbst peopl e
hol d a pen at about +30' pitch and 0" roll. The inking

vadbiable 0T a bal I - pol ntmég,.@né_oses eTTect VEljcontact with
i&:c_ S JUb bfsb’a'}é‘fféiﬂ "{Ih half r}ql’én teth—(+—e— 40 _ fromthe
rizont reason mfrh rapge is
tther ef BPage sppce figld.of yiew halftengl easonabl e f ol |
NPS06 b PeGy8w
0 Object plane tilt (i.e. overall pen tilt)
o Image plane tilt
¢ Pen pitch
Y Pen roll
® Angular frequency in field of view
D Normal viewing distance
d Tilted viewing distance
f Surface feature frequency
n Sampling rate
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range -30' to +301, bearing in mnd greater
limtations on conbined pitch and roll as given by EQ
11. The highly conmpact (1.5 mm 2) Matsushita CCD i nage
sensor (Matsushita Electronic Corporation, and is
described in a paper by ltakura, K T Nobusada, N
Ckusenya, R Nagayoshi, and M Ozaki, "A I mm 50k- Pi xel
| T CCD I mage Sensor for M n$&ature Canera Systent, |EEE
Transactions on El ectronic Devices, Volt 47, nunber 1,

Jandar\v—2000) s sui-t n'pact devi ce
sdch 'émﬁg‘béé\””ffesﬁ o8 avai | able resol utlion of

appr ox iDistarteyfrom Bibpteepiex of figld ofadswenng edual i mage
and ohjsgdaces{whes 6an@ul ar fiel ds of view, no inage

pl ane [t{.|.t d a.ni b-, to:w ndpw di stance |T of 4 mm
opt i ni y'ﬁ@“?ﬁﬁoraé‘@ﬁgtel‘j?eﬁgﬁmﬂaOgbe‘ﬁfé’nand EQ 24 to

achi eVeurfhde(whenaior=ed) pi tch and roll rangeg stated
above|yields a pitch range of - 161 to +481 (64') and

a—+otH—+range—of—28to0<+28 (56 ) wth & view ng

(&8 T O~ 1 LIRS RAY A

di stance D of 30 mn 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 to
8.3 he Jei§iPRGPOMNGIge by pit chi ng the optical axis at -5
relative to the physical axis. Note that the tilt
8.3. ingdagdmape Rropessing aad iDgleblingby optim zing a
NON- & Oirtaob tpr&‘.fessﬁr&e igl H&gﬁbedpézﬁll'i@ ngf‘ctlgIY elrffull Itpaﬂnmates in

tilt is thus confined to an elliptic cone
kneydpdge ohthg PP pesspetive frapsformen ﬁlﬁﬁﬁghasm@rve tl@rd@cqm@@e dma nor
angle is 56" in the roll plane. The image sensi ng
variabl es are sunmarized in Table 5. Table 5. Inmmge
8.%%nsilpfgring thaoPe Tiansfem e meaning cc Obj ect space
fiel et thei ZDVpéragettia@neineforna js dh’l’ﬂﬁ]lgaﬂ WaC s chin® fir @e petspietive
. hal f - l.e Pen w 0 Cb' an
ais i 5 8 n e i ettt i ineopbospSidipe dipeete 3D
tagReansfomh lwith)redpogub akie f)d’neﬂbtﬁid@iya)dlﬁcaﬁﬂ 1l idfefrbd, \ds @kcribed below in
viewing distance d | Tilted view ng distance f

Se‘%?]?ggce feature frequency

Once the discrete 3D tag transform is known, the corresponding 3D pen transform
can be inferred, i.e. the transform of the pen’s physical axis with respect to the surface. The
pen’s physical axis is the axis which is embodied in the pen’s shape and which is experienced
by the pen’s user. It passes through the nib. The relationship between the physical axis and the
optical axis is illustrated in Figure 64,

It is convenient to define three coordinate spaces. In sensor space the optical axis
coincides with the z axis and the the viewpoint is at the origin. In pen space the physical axis
coincides with the z axis and the nib is at the origin. In tag space the tag 4 lies in the x-y plane
with its center at the origin. The tag transform transforms the tag 4 from tag space to sensor

space.

Sensor space is illustrated in Figure 64. The labelling of points in Figure 64 is
consistent with the labelling in Figure 62. The viewpoint is at E, the sensed point is at G, and
the nib is at A. The intersection point G between the optical axis and the surface is referred to

as the sensed point. In contrast with the geometry illustrated in Figure 62 where the nib is
NPS065-8G




n Sanpling rate NPS065-SG 88 (¢ |nage sensor

resolution S Distance fromnib to center of field of

view on surface (when O = 0) Distance fromnib to

edge of field of viewon T surface (when O = 0) 8.3

TAG DECCDI NG 8.3.1 Tag | mage Processing and Decodi ng

Tag i mage processing is described earlier in Section

1.2.4. It culminates in kn¥ edge of the 2D

perspective transformon the tag, as well as the

decoded tag dat 8.3.2 |nferring the Pen Transform

fé’f@@ﬂﬁﬁé PY 8 35@& i gensidierlat il Shesh bR el eRed, then the
tiltaGrCaY Pphsidal bxit REFeRE iRPEEb Viweddl §iE Qbdsbd Bmﬁtf aﬁdhﬁﬁe te8ftadt Doint

the captured inma as described earlier,

betgs tepih a%ﬁwoﬁrl%%fﬁe%e Spter Paigt Kr efntde é?h?rlwltmb e etich the

hisRal B8 1%, & OREbLBlas B¢ ﬁ,plgyﬂntbe inferred, as
P %egcrlbed bef6M/|n a%ecﬁlgn 8.4. Once the discrete 3D

tag trRm AR nSmitR0Mact With HO5EERP AR WRAPRD optical axis is
transforn1 can be inferred, i.e. the transformof the

verfiek: KApp sfined) to deinaralipk 1o the epésel axis Whan beippm dsetiliciihbowever,

cmﬂfd@ isSat RBMSL, C‘ﬂlsh@%l ﬁi Figurd 58 GREnSheRIRE R1oF R Hletfselde of the
the pen's shape and ich is experienced by the pen’'s

pivaseaint K from thesurdace trd algh ot lads #lvays Rrhe rel at i onshi p
bet ween the physical axis and the optical axis is

i || uskbe gsewgte tag mnglprm igudey the frgnslasing efhihe tig centerifzgn the sensed
poihf] EIE%DCtQQfo%lﬂﬁtaﬁd e @eﬁmoh B S A0 J,mﬁﬁsmm%agﬂn@ al

axis colfncides wth the z axis an wpol nt
I's atgi{deme Haﬁﬂld?lon | ofRRO b ltom?ﬁleﬁle discrete tag

coincides with the z axis an t%e ni
tragpfdrggi #nd apeprdingytodiadd therrensedipoint i piwen bynEQ B& x-y pl ane

with its center at the origin. The tag transform

t r ans¥inseriie pltysicalagyissonty diffets ftpis fawpticad asie by ory traplaten and x

rot;?ﬁ)@%f){ [pﬁaﬁctﬁ Bl%/sfclall a&ﬁtlfeggne © gr}_ éﬁdﬂg Wy fih @é’erenclg % F1gure t6ﬁl where

nts 1 n consi sten
| AChe § i IED | rrg Di (justFisg muﬁazsz) Trhis clerethpich Rénsbrsspade (B pdshien of

poi.nt G and the nibis at A The
theiphvog?oélgdf Fon bﬁj?(z%sG between the optical axis and the

sur f red to. as the senseg1 int, |

cont FIEFErIRin HowGid Rt § 1 P PraL Sl rp e & BQ 29
wher e['hE: I'\]feector é%)m t%e pivot point to the contact point is by definition a surface normal

of length R. It is constructed by applying the 3D tag rotation M to a tag space surface normal,

normalizing the result, and scaling by R, as shown in EQ 30 and EQ 31.

The vector from the sensed point to the contact point is then obtained in accordance

with EQ 32.

This is transformed into tag space by applying the inverse of the tag transform 3D
rotation, and is then added to the vector from the tag center to the sensed point, to yield the
vector from the tag center to the contact point in tag space, i.e. on the surface, in accordance

with EQ 33.

This is finally added to the tag’s absolute location, as implied by its tag ID, to yield
the nib’s desired absolute 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. The
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NPS065- SG 89 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

bet ween the sensed point and the contact point

between the nib and the surface. The center point K of

t he spherical nib, about which the physical axis

pivots, is referred to as tHe pivot point. The nib

makes nom nal contact with the surface at point A when

the optical axis . is vertical. KAis defined to be

Peba (gt rotons e Bpplychs indspos. of rselAg s Hiscrsierfotations; Vitlpthe pen’s
r

pltap:}.ﬂ’ﬁy ﬁEludlng fRteAEd: o ﬁle%tltclp@feﬁor) I t%éagptﬁg‘l%gﬂ itk rgégg& & tﬂh é)en s

G ven the radius stanc
axigi a9 gefingd imEQRSIEQA0 e EQH7f ace, e.g. at Aor L, is
al ways R The discrete tag transformincl udes the
translation of the tag center fromthe sensed point,
8.4 he AW ERRING TIEATAGIRANSAERMhe transl ation of the sensed
POi NtTHelimbget dTehevth@pQItitkd byAh¥ @fageRensbif @Rl tpe@pectlvéddistortion
t he sensed pqirt fromthe viewoi the discrete

dug Ly thehoshict Spherigrtioact dhs g apseih PR o g Once te

pefiiciite thigetd 0¥ @B ta@éreﬁ@nﬁﬂm nﬁdlg%féﬁack ha ei@ﬂ#&gﬁ@lof%é&nﬁf&s}ﬁmtwe
dlffersframtheotlc axl s a trans| ati on_and x
trapsfray 15 iferyed based gp selyiye t FWS“‘BP%%WP&IGCI‘&%E‘P%S nelagiag the, foup@g-space
and/ infagP k€ poilll falts. rnkeﬁseféwm%% GHepsSwiidh oS0 the #Magd of the
=Sand | EC1 = D Qust as in Figure 62 it is clear
tagy g poneafenated symblisalbe andia s¢5 9§ PW“B?PeB‘FS “Wﬂ@e%ﬂeﬂ%l%%is [pbtained
by Leéuaﬂhg/@cﬁmbpbn@% ZBms ke u&ﬁsta{ateﬁrtﬁmfsmamﬂéﬁa 199&1\@ rah@orm.

pivot point is therefore given

SORY@&F‘&SB ?Wé?ﬁ‘? prislds ﬂ\%’ﬂ“{?@ﬂ trpmsfpn stpps. W%‘P‘h aeleldeptép fgsirpdstap gffset

frof@hd Mb1IDAg Aotstidh faae QicAPbilBfrsetQfonl @OGIHCE 1T 1S
constructed by applying the 3D tag rotation Mto a tag

space surface normal, normalizing the result, and

g.aotal |mgdgm,g£{haq-a§h¢mfbnnEQ 30 and EQ 31. The vector
[ omBSrRG0ReRe BR! DL o't NS SOI ACHROLAL, L) £ Edeted
obt ai néd Th-accor W {25 %6563 ‘?%pac%c‘m ¢ modeled as a

cmmmmmﬁﬁmbﬂhdﬁMnngMangﬁan@sby applylng the i nverse of
the tag transform 3D rotation, and is then added to

+ t he weaiaeslate (Wyrgd-toeidwggincefidedr to the sensed point, to
yield the vector fromthe tag center to the contact

» poOi nkrdtate {(t3agspage, i.e. on the surface, in accordance
with EQ 33. This is finally added to the tag's

« absokudtste (lgasg pikh) as inplied by its tag ID, to yield
the nib's desired absolute location in the tagged

« regi onstate @8 tigQoBY. The final step is to infer the
pen's 3D orientation fromthe tag's 3D orientation.

» The ztranslate (by tag-to-viewpoint offset)

’ perspective project (with specified focal length)
. x-y scale (to viewport size)

These are concatenated symbolically to produce a single transform matrix which
effects the tag transform. Table 7 summarizes the discrete transform variables used in the

following sections, together with the range of each variable.
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NPS065- SG 90 pen's discrete rotations are sinply the
inverses of the tag's discrete rotations,

pen'

t he

s
opti cal

pen'

with the

pitch also including the effect of the pitch of
axis with respect to the

S axis, as

defined in EQ 35, EQ 36 and EQ 37. 8.4 | NFERRI NG THE
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vari abl e. NPS065-SG 91 Table 7. Discrete transform

vari abl es and their ranges
Translate in x-y plane by 1, and ¢, according to EQ 42 (where A=t, and B=t)).

Rotate about z by y according to EQ 43 (where C=cos(y) and D=sin(y)), giving EQ
44.

Rotate about x by ¢ according to EQ 45 (where E=cos(¢) and F=sin($)), giving EQ
46.

Rotate about y by y according to EQ 47 (where G=cos(y) and H=sin{(y)), giving
EQ 48, where K and L are defined by EQ 49 and EQ 50.

Translate in z by #, according to EQ 51 (where /=t,), giving EQ 52.

Perspective project with focal length A and projection plane at z=0 according to EQ

53 (where J=1/1), giving EQ 54.
Scale to viewport by § according to EQ 55, giving EQ 56.

Transform a point in the x-y plane (z=0) according to EQ 57, giving EQ 58.
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Vari abl e Abbrev. Meaning Unit Range transform Y yaw
00 ~y!~271 -d pitch -7r/2 << 7r/2 41 roll O
-ir/4 << Tc/4 t. Atag-to-viewoint x offset -0ty B
tag-to-viewpoint y offset 0 cosy C cosine of yaw 1 -1
< C<1 siny Dsine of yaw0 -1 < D<- 1 cos~ E
cosine of pitch 1 O<E<l sin~ F sine of pitch 0 -1 <
F< 1 COST Gecosine of roll%9 0 < G< | siny Hsine
of roll 0 -1 <H<1 t~ 1 tag-to-viewoint z offset -

1<0 I/ X J inverse focal |epgth J>O S viewport scale -
S>0 éf?%iéfs?xg?‘?éi*?f’ Jﬁ“’iﬂgm%y t, and ty according to
EQ 42 (where A =t, and B=ty). Rotate about z by y
cor. i to 3 ere C=cos(y) and D=sin(y)),
8'ﬁ?vi E%'S’C’Eﬁ&‘%?i'fa&%grﬁbout x by ~ according to EQ 45
(wheraiver=@psipieyrecy sightdagrag(offipedogi ¥Dnperee@rtiva Giranmotratraatrix as
o . r . r — n .
<cFRg £ miofls 39 Wb el BIGR) WEEQe kg form
of themigixaarchhP@ BEQ$t.ansl ate in z by t, according to EQ
51 (where I=t,), giving EQ 52. Perspective project
wi t h Traesé&irmlagigpdint Xccardingao #jQ62, going@Q6® at z-- O
according to EQ 53 (where J=IA), giving EQ 54. Scal e
to viewport by S according to EQ 55, giving EQ 56.
8.413 andnterring therTag Tramsforen x-y pl ane (z-0) according to
EQ 57, giving EQ 58. NPS065-SG 92
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

shown in EQ 73.

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

two-argument arctan as shown in EQ 74.

8.4.3.2 Solving for X-Y Offset
EQ 66 can be simplified using EQ 64 and EQ 65 to give EQ 75 and then EQ 76.

EQ 69 can be simplified using EQ 67 and EQ 68 to give EQ 77 and then EQ 78.
EQ 72 can be simplified using EQ 70 and EQ 71 to give EQ 79 and then EQ 80.
EQ 76 can be re-written as EQ 81, and EQ 78 can be re-written as EQ 82.

Equating EQ 81 and EQ 82 and solving for B yields EQ 83 through EQ 85 and finally
EQ 86, which defines B.

Substituting the value for B into EQ 82 and simplifying yields EQ 87 through EQ 90
and finally EQ 91, which defines A.

This therefore gives the x-y offset of the tag 4 from the viewpoint, since 4=t, and
B=1,.
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Finally, expand K and L, giving EQ59. 8.4.2 2D

Perspective Transform G ven an inferred

ei ght - degr ee- of - f reedom 2D perspective transform

matrix as defined in EQ 60, multiply by an unknown i

to obtain the general nine-degrec-of-fireedomform of

the matrix, as shown in EQ 61. Transforma 2D poi nt

according to EQ 62, giving Q0 63. 8.4.3 Inferring the

Tag Transform 8.4.3.1 Equating Coefficients Equating

fficiepts |n EQ 59 with the coefficients in EQ

8%@% e§‘ﬁ]"t"§ PF]B to EQ 72, being nine non-linear

equatkron&£Q 68, EQ 92Lmkhc)ubtsined1'hese equations are

augnented as required by the trigononetric identity

r el atlirog BChes, E€) 9ecamphelolgasédne of an angle (i.e. the

sine and cosine of any one of yaw, pitch and roll), as

showrFrom ERp4/ BQ B and EQ 9% E€) Reaabeotmgsedne of an angl e,

the correspondi ng angle is obtained using a

t wo- dirgru iEN6S, ECR2aemd XL $H BYOS can BEpbidined3. 4. 3. 2 Sol vi ng

for X-Y Ofset EQ 66 can be sinplified using EQ 64 and

EQ 6%Frbmo Ef) e ERQ27nd TQH9Y, EEP6kgh Bbobtailld. 69 can be

sinplified using EQ 67 and EQ 68 to give EQ 77 and

t hen Hetn EQ) 71, EQ 22ind TR 93 E) 97aki be edaitkgii ng EQ 70 and

EQ 71 to give EQ 79 and then EQ 80. EQ 76 can be

r e- whirtth &) %5 ERQ8&hn basidaif=d. 78 can be re-witten as EQ

82. Equating EQ 81 and EQ 82 and solving for B yields

EQ 8From Eaue) EED93an ncbidihgdal | y EQ 86, whi ch defines

B. Substituting the value for Binto EQ 82 and

si nplHréy D96y EQ 9 chdpobtditedough EQ 90 and finally EQ

91, which defines A This therefore gives the x-y

of f satromEQ 9T EQad1 4arf leohdided. vi ewpoi nt, since A=t, and

B=ty. NPS065-SG 93 8.4.3.3 Solving for Pitch From EQ

Gg, _E@;g EQce8unt €Q0, QA .and He®RQHQ3 0ah beld@aB@dcan be

obt ai ned.

From EQ 100 and EQ 101, EQ 104 and then EQ 105 can be obtained.

From EQ 103 and EQ 105, EQ 106 and then EQ 107 can be obtained.

EQ 107 only has a valid basis if G and H are both non-zero. Since || < =/2, the
cosine (G) of the roll is always positive and hence non-zero. The sine of the roll (&) is only

non-zero if the roll is non-zero. Specific handling for zero pitch and roll is described in Section
6.7.3.10.

This therefore gives the magnitude of the sine of the pitch, since F=sin(¢), and hence
the cosine (E) of the pitch by EQ 73, according to EQ 108.

Since j¢| < n/2, the cosine (£) of the pitch is always positive, so there is no ambiguity
when taking the square root. The sign of the sine (F), however, must be determined by other

means, as described in Section 6.7.3.9,

Given E and F, the pitch is then obtained, according to EQ 109.

8.4.3.4 Solving for Roll
From EQ 103, EQ 110 can be obtained.
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From EQ 64, EQ 92 and EQ 93, EQ 94 can be obt ai ned.
From EQ 65, EQ 92 and EQ 93, EQ 95 can be obt ai ned.
From EQ 70, EQ 92 and EQ 93, EQ 96 can be obt ai ned.
From EQ 71, EQ 92 and EQ 93, EQ 97 can be obt ai ned.
From EQ 94, EQ 98 can be obtained. From EQ 95, EQ 99
can be obtained. From EQ 96, EQ 100 can be obt ai ned.
From EQ 97, EQ 101 can be oMt ai ned. From EQ 98 and EQ
99, EQ 102 and then EQ 103 can be obtained. From EQ

100 d 0 1 and then EQ 105 can be

obt a.al“ﬂ%*a'E%Jﬂ»#H ﬁga&gé%ﬁﬁ Igcambe obgargeds and t hen EQ
107 can be obtained. EQ 107 only has a valid basis if

G andl i terefoprogives dsragsitele ofthesmef the rolgsmee Hrgn(y), and hence

theCR8hOE&) GBhe 11 E)h@()"l@,uccér&nélo"milﬁosi tive and hence
non-zero. The sine of the roll (H) is only non-zero

if ot I . it i ng .
o t oo RORSRELOr orinitll i iR Rthi s férs Bicmbipuiy
wheh takiag dheesqyirg eeptt The siaagitheudee &, howevesi must bé detbrmined by other

it j =81 N+ and hence the cosine (E) of
me?llfl]Ségphle%czb%@%%%gj'%%cor ding to EQ 108. Since 1~1 <
it/ 2,0 j [ N positive,
SO th%?%ecl; %9 drs%r{ge F)émﬂ%ri/&}aﬁﬁegﬁg%gﬁﬁtgﬁﬁyéquar e root.
The sign of the sine (T), however, nust be determ ned

8.4 50tdWiin gg.avgw as described in Section 6.7.3.9.
G ven E F..lhe pitch s then obtained, according
SRR R BQ 113 andhen ERrldfmdbe ety
110 can bt gi ped. . NPS065-SG 94 From EQ 73, EQ |11
and t ‘é‘ﬁ%@oﬁa{‘ F&aﬂmbEQcﬁ? ﬁ’i‘qwtgﬂ‘.EQHi@c"c“fP@PgaB‘F% gi ves
t he nitude qQf the sine of the rall, since H=sin(y),
and NErEEQ el BRI FBRAT 31 briceRded cunpepbianss
o R T P o ol 6 gt Bemine
by 8RRiglUF £, Whicho@bd Rlekhiged fisn BQ, Bivin@®Q 12ihe sign of
the sine (R, however, nust be determ ned by other

Means;in@¥ (A8ShdghRRA7 (1) REFkitiV8 aBd ZF 3= Pibecause [t > A), then EQ 122
holds.

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

8.4.3.6 Solving for Viewport Scale
The cosine (C) and sine (D) of the yaw are by definition never simultaneously zero.

Since the cosine (E) of the pitch is never zero, either EQ 67 or EQ 68 can therefore always be

used to determine the viewport scale (S).
If D is non-zero, then from EQ 67, EQ 124 can be obtained.

Otherwise, if C is non-zero, then from EQ 68, EQ 125 can be obtained.

8.4.3.7 Solving for Focal Length
Similarly, since the cosine (G) of the roll is never zero, either EQ 70 or EQ 71 can

be used to determine the inverse focal length (J), so long as either the pitch or roll is non-zero.

However, the signs of the sines (# and H) of the pitch and roll may not be known. However,
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Gven Gand H, the roll is then obtained according to
EQ 114. 8.4.3.5 Solving for Yaw From EQ 73, EQ 92 and
EQ 93, EQ 115 and then EQ 116 can be obtained. From
EQ 92 and EQ 116, EQ 117 and then EQ 118 can be
obtai ned. From EQ 92 and EQ 116, EQ 119 and then EQ
120 can be obtained. In EQ 116, and hence EQ 118 and
EQ 120, the sign of the squdfre root is determ ned by
the sign of i, which can be determ ned from EQ 80,
g|V|n EQ 121, Since |Q is negative, J(I/X) is
epsé%'i qfj ro%ﬂ(ﬁ‘@ of the sr(ns%%fatbﬁs@tc tancj_rojl ixgiver MQE@ g9 shown in
Edeig@s. Gven C and D, the yaw is then obtained
according to EQ 123. 8.4.3.6 Solving for Viewport

Scal ernERemeas b \Bsikfed affithrd RS, Gidbe @E srbh@f ﬂlé‘l%c@\rnea 0ri. It gi is

definition never simultaneously zero. Since th
nog-gayp.rikernfrom B 70HBQIRT edn beobigmgér zero, either EQ 67 or

EQ 68 can therefore al ways be wused to determ ne the

vi ewdbfiitis seredeeo, (hey fropfEQ71, EQ B3 c2ebooblzingh from EQ 67,

EQ 124 can be obtained. OQherwise, if Cis non-zero,

t hen I pesiiEeQieghoipbarwesnowing FQ &bt aidrE 128 B Msed of which of g

| g e _
anf?z h\éé ?;g lz&gerr fﬂldg. L’Iﬁ‘lg \%?rs%éo?%i 14, lﬁ gﬂn&%ﬁ J,f((éj gné:ﬁ%}eg%th ZEer0,
leo’éﬁepb@@éwlftr@btdbtﬂvm ne the |nverse focal |ength
(J), so long as either the pitch or roll is non-zero.
However, the signs of the sines (F and B) of the pitch
8.438 rSolvingdor AQfs6¢ known. However, NPS065-SG 95 the

Si gn @ifce tifecinyredvel leaftB)J)aE kidwa, Bie rzeﬁfsaf(z)tib@btﬁhédcﬁ’orﬁﬁdz 80,
ro ven by EQ 103, as shown in EQ 126. The sign
acori B%‘égggned arbltrarllyto F, since the sign of J
|s known pri [ non-zer.o, then from EQ
B e S uaioun I BF Tess Locablngipp is ko, ic. if
thef;ﬁtalmﬁQolT&;ebE@z&%S can be obtained. In practice, the
choi ce between using EQ 127 and EQ 128 is based on

which of gi and hi has the | arger magni tude. The
sdmermeete:fn@iﬁmg bRégtidh o6BPitdkasRollf i and hi are both

Z ero, ?:F h§ gglof ltl’fe d)tr&%ctp(lf?%gf #d (gmeg !)fl théa[n%h rol %rg9ven by EQ 126.

Smce —m’4 <y < /4, a roll adjustment of +11:/4 can be introduced to ensure the roll is always
positive, without invalidating any other assumptions. Once the roll adjustment is introduced,

EQ 126 gives the sign of the sine (F) of the pitch alone.

The roll adjustment is introduced as follows. The viewport scale (S), inverse focal
length {J), and z offset (/) are all computed as described. A 3D transform matrix is created
from the 2D perspective transform matrix. The inverses of the viewport scale, focal length
projection and z translation are applied to the 3D matrix in reverse order. The roll adjustment
is then applied by pre-multiplying the matrix by a n/4 y rotation matrix. The roll, pitch and yaw
are computed as described. Since the roll is positive, the pitch direction is now known. The /4

roll adjustment is finally subtracted from the roll to give the actual roll.

When the roll and pitch are both zero, the focal length and z offset are both unknown
as described above. However, in this case there is no need to adjust the roll since the pitch and

roll are already known.
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Once the inverse focal length (J) is known, the z
offset (1) is obtained fromEQ 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 are both zero. 8.4.3.9 Determning Direction of
Pitch and Roll The sign of the product (FH) of the
sines of the pitch and roll% s given by EQ 126. Since
-?1/4 <y < 764, aroll adjustment of +ir/4 can be
| ptroduced to ensure the roll is always positive,
8'%490%?“&“%??%‘?“%3%30& her assunptions. Once the
rol | 'Wtgnrsthemeth¢ pitch dr ndlt isderogt genE@ obiogibyses oh IRQ EI7gcomes

1nv91 dd t'IlIllF rtr%lrl‘let o% nggu% n%f sht \Dfse télg lggg%g%lfrfts Thﬁgb%é%%EQ 71 which
resalt &lhen hSyaw i vaEbE:ey ifeﬁi?@l' 7), et ‘h:fi),land ndfiderd, Ml ft}ﬁ:q:litcl( 40d roll
ut ed as_descri bed ransf or m matri

ord elip B By ePhEeiEpIh et Bigwet Y4B 318 PR FRYFosic for

dettitigiaRy RindBSe QfestWiRro/th€ PIRAhd/BE fM1Qre FcRS; WithleBdhHtakk motivated by
projection and z translation are ap Iled to the 3

zere P aTieD feyaiSe THRgeSS. ThREsFo I theataple of Fignre 85jaze lel?»?élﬁd with
theR§Y rugfle YroR tRe Eblk bi Pl '8h Jlpg7matrix by a 71/4 y
rotation matrix. The roll, pitch and yaw are conputed
as described. Since the roII is positive, the pitch
ColicLesibhon is now known. The ir/4 roll adjustnment is
f I nal 'h%w? 1131%{1%% l'rag génntdré%n&gd 1tﬁ gefe?%ncg éotr 32 Srefe t mlc):ogllment
and ewgbdn @ﬁpleczﬁooﬂfemtlveamebddondmtsu iﬂlowe\m, it amll dbesappneheteld by those
. r hIS C her e
sklg%f it the’_ﬁyeﬁ%!nglf?eldssl trl%ée tnhurn & ?ft t%er 8m§ lltSa rdgffeépg eféodgl those
spdciﬁga\ﬂy dédRBRE5wBGak6 fal8 wﬂth& ﬂn@ sbhm dind mgopZaifahPlpte@éht dinéntion.
ither t h or roll is zer

n. he
Acgiibe Qg BB B PRl i b B8R oA iy he
sp&:ﬂblembﬁdlmﬁltg dle‘sa'lt&ﬂ nsih@‘p&sdnh fpedificalivg aﬂﬁﬁdﬁ@d(fcﬂﬁléfﬁs @torpsuted

64 throu 71 whi resul t when. t

by G1RREHRGS ZompraRBpey LI oot by BHERIon ot miighby e gtached

clamiyd the pitch and roll are variously zero and
non-zero. The table of Figures 86 and 87 sets out the
required logic for detecting and handling cases where
the pitch and/or roll are zero, with each case
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
described with reference to a preferred enbodi nent
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and nunber of specific alternative enbodi nents.
However, it will be appreciated by those skilled in
the relevant fields that a nunber of other
enbodi nents, differing fromthose specifically
described, will also fall wthin the spirit and scope
of the present invention. Accordingly, it wll be
understood that the inventi®% is not intended to be
limted to the specific enbodi nents described in the
present specification, including docunents
(ngﬁ®grporated by cross-reference as appropriate. The
e of the invention is only limted by the attached
cl ai ms. NPS065-SG 97 CLAIMS 1. A sensing device for
determning the orientation of the sensing device wth
1. r espéciensing deyicp fydetamnining the odeniatibatod thelsensmig detierewith respect to
' [ I light emtter;
ap%%nﬁbﬂg3%%33%?ﬂkﬂﬁb@%%@%&%daﬁg%gﬁgnﬁ the emtter and
recelﬁgﬁlﬁgch have a known orientation with respect to
t he housi the light emtter, receiver and
proc ether conprising an orientation sensor
for gg%@%ﬁgﬁgdlrectlonal mar ks of the coded data, and
mhergqghggg“ggocessor Is adapted to determ ne the
orientdtion of the housing with respect to the
dlregghﬁgg&.narks of the coded data. 2. The sensing
devi c cfaim1 further including conmunications
wh@i%ﬁlncﬁe é‘rﬁ’iﬂgﬂ A4 E‘e%gwer e3cH W}A&o%to?leﬁtgt? Il%lh’lqg%é& t@@ qé‘}s g the
to a conputer system sensi ng devi ce accor
light| catitier] recowmerr aid rpredessop fagetheratimpnisidataan cir'snuam msqrvfer sxfnsing
dirﬁc{glaxg{l Elgaﬁ%se?qﬂﬁe 8(§ede? a4 W?éndg\t?vjl?e %% 2[13%4’908% adaﬁted goh getermme the
origntation of thg h0l6111<glvaihrresj)¢ct fanh¢ Hiegctipmat noudts n@hmdled)dntas en s | ng
nmeans for generating novenent data when the sensing
device is noved relative to the surface, the
comuni cati ons nmeans being configured to communicate
2. t he fFbyvensng ddataf tlomal mohgutabrdings ystemicabonsAmsans canfigured
evi ce cord t imd4, further including region
o4 g'm?w? i Ongntﬁtgon (%et@actﬂg CUBRHSTSTEY to sense, when the
sensi ng deV|ce Is positioned or noved relative to a
region of the surface, and using at |east sone of the

3. C od eg sgl?stin%’ de\rifggélc%cr)]rdmg%] Ellaltnyl,(\jw%te%inl tﬂéj (I)rcl:eaEaltlgne da(t)ff is Mdlicative of at

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

4. A sensing device according to claim 1, further including motion sensing means for
generating movement data when the sensing device is moved relative to the surface, the
communications means being configured to communicate the movement data to a computer

'sysfem.

5. A sensing device according to claim 4, further including region identity sensing
means configured to sense, when the sensing device is positioned or moved relative to a region

of the surface, and using at least some of the coded data, region identity data indicative of an
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NPS065- SG 98 identity of the region, the

comruni cati ons nmeans being configured to conmuni cate

the region identity data to the conputer system 6. A

sensing device according to claim5, wherein the

notion sensing nmeans is configured to generate the

nmovenent data using at | east sone of the coded data.

7. A sensing device accordiffg to claim®6, wherein the

coded data is also indicative of a plurality of

reference points of the region, the potion sensin .
idefity, QL ¢ éF&ﬁgn dsremgpisationg means baing cenfigheed ﬁ%wwcagéb%regm
ideRtiylda@ thRSs cémPherkR@ensensi ng device's novenent rel ative

to at |l east one of the reference points. 8. A sensing

devi ce according to claim®6, wherein the coded data

i ncludes periodic elenents, the notion sensing neans

6. bei ng, @@@fnﬁgdmel deCorB8HeH a;naemtbewnmimﬁatmo@kaﬁ QeRfhet Mans is
basis of the sensing device's movenent relative to at

configyeet W graergte ﬂmamﬁ@ﬂlt&aﬁaes‘ég atfeast someof the caded dptag
devi ce according to clains 7 or 8, wherein the notion
.sensing neans is configured to sanple the position of
the sensi.ng device relative to the at |east one

- 1 ef er'e¥EUns icRECCFingP iclim & Wheativ e codedgiy alpqpindicative of a

plu%iﬂye bRt@erthte JRVEPEDL E@bR- thel hotibh §§1@§|g r}ﬂ:agseﬁél@ configured to
according to claim9, further i ncluding a distance
gensEis EMOYPIMeRE 4¢3 on disbeFiy el tbe sensing §?"i“i?aﬁt povgmgRigelatinecdo of least
ond fehSRRMNAGpdAgYI ce fromthe at |east one reference
poi nt or perlodlc el emrent. 11. A sensing device
according to claim10, wherein the comruni cations
means is configured to communi cate distance data to
8. the aogpuhe Hev?téészk@&)dl %h@ cmrﬁtéa%@reglaﬁ-l@ cptﬁ:'drlﬂta includes periodic
i ndicative of the distance. A sensin evi ce
clemerts rths mgtioroscasing mears being @p’eﬂlmqudﬁe 2ARFTAL® %wswsmppg data on the
basiBANR: skrin §Q§§m§@n%%t re Q0 t'ogyl'égsgoﬁecbf %%e;l&ﬁc gérﬁé
estlnatedgby the di stance estimation nearls to reso
a nore accurate position of the sensing device than
i ndicated by the at | east one reference point or
. peri gdéeﬁm &!Wc@tac@r&.iﬁ'fh o damsH G VhBLindGY ln%ﬁo@gbﬁgiﬁéj Indhs is
"to clarm 12, whereln e conmmuni ¢ations nean
configieil g pameple the positiemefthe scnsing denticet iebrivadtatthe atoleash ene reference
poi?%?%(ﬂic A€, erébg LR hQRmIR @aPe N9

cative o tatlon

10. A sensing device according to claim 9, further including a distance estimation means
configured to estimate a distance of the sensing device from the at least one reference point or

periodic element.

11. A sensing device according to claim 10, wherein the communications means is
configured to communicate distance data to the computer system, the distance data being

indicative of the distance.

12. A sensing device according to claim 10, wherein the motion sensing means is
NPS065-3G



14. A sensing device according to claim4, wherein the
nmovenent sensing nmeans includes at | east one
accel eration sensing neans, the accel eration sensing
means being configured to sense acceleration of the
sensing device as it is noved relative to the surface
regi on, the novenent sensing nmeans being configured to
generate the novenent data ¥ periodically sanpling
the acceleration. 15. A sensing device according to
%Jakgml4 wherein the accel eration sensjing neans is
co d?«l pecgthe Jistaneisestimated by dhe distance gepamatiqp pgpqsyto resolve a more
accFdtd PSR Al of IRIRANBN b iR hACHEILREALY BR-at st de $8B2h&Tpoint or
devi ce accordlng to claim5, further including tinmner
PeiRgiiRCcRBhIIPur ed to generate a tinme reference as the
sensing device is noved relative to the surface
region. 17. A sensing device according to claim 16,
wherein the communi cations neans is  configured to
13.cominpsing detife apcerditecifcelaiini s Vhereindhe soppumipations means is
coribife8M cdnbifurfidafForleRhREERECo WL @mplRt §teinNEL %ﬁ&dta\{ﬁn inta being
the tine reference of the novenent data as generated
mdwtll’%thqqli@fﬂah@ans 18. A sensing device according to
claim 2, wherein the conmunications nmeans is a
W rel ess communi cati ons neans. 19. A sensing device
according to claim2, further including a force
l4sensitngFsieasvicapgpelios® O 4 ovfereiu thay movemesh sensigg means
mcfu‘aésc %t RR! bdadcBlefafitn §H{sfn%0§ezpl¥ e %c@é&%&gse\?\lﬁ}% Gfeans being
. A sensing device accord to claim1 eln
coqflgéreé dorHTNe eceelctstian néﬁlﬂ§ens§1g wiet pyifrivtoves htivanei thasaface
r u %@g&
re iogl ?]H:é qu\t ?gﬁat?febgﬁg ‘ﬁ%% b o?{%ﬁg 4 E&eiageg I‘fl'l%grﬂ%%@mmt data by
Pera@l?égsdffﬂnghngﬁheh@phmmgl further i ncI udi ng a stroke
detection neans configured to detect, by way of the
force, when the sensing device is applied to the
surface and renoved fromthe surface, thereby to
I5.i denthi fegsinghdeviparaatording tof claimstds wherein2ie ackelsmtigi segsing means is

A AR L LA Rt M B,

A sensing device according to claim 22, wherein the
sensing device is in the formof a stylus or pen. 24.
A sens| [ t0 j
16 oden Gary FUCERRRRARL Al s b MBndng UREL BLte 0fhayed o
gengtateeatines/elerdBe asAhswnsingdyvide s meed oladivel torfhe tuofacd region. 24,
wherein the coded data is printed using

17. A sensing device according to claim 16, wherein the communications means is
configured to communicate time reference data to the computer sytem, the time reference data

being indicative of the time reference of the movement data as generated by the timer means.

18. A sensing device according to claim 2, wherein the communications means is a

wireless communications means.

19. A sensing device according to claim 2, further including a force sensing means
NPS065-8G



infrared ink, the sensing device being responsive in

the infrared spectrum 26. A sensing device according

to claim7, wherein the coded data includes a

plurality of tags, each of which is indicative of an

identity of a region within which the tag lies, and of

a reference point of the region, the region being

associated with the surfacd00the reference point

bei ng i ndicative of the position of the tag within the

regi gn. NPS065- SG 101 27. A sensing device according
copligteas NS, 2 fpfre rerlisd foibe pp@enibydhe EnFingiyies a

plurality of tags, each of which is indicative of an

identity of a region within which the tag lies, and

each of which includes at |east one periodic el enent ]
200f t He SISWE Fletist gcconding Jo claps il RgWhaein dhe semBpRiratigny geans is
coigtedtd codii@ikd ok RIarth ARIBIMbAB: S80I 1AG fIBARR beifk indicative

configured to infer the orientation from perspective
ofte &6 ti on of at |east some of the coded data.

NPS065- SG

21. A sensing device according to claim 19, further including a stroke detection means
configured to detect, by way of the force, when the sensing device is applied to the surface and

removed from the surface, thereby to identify the duration of a stroke.

22. A sensing device according to claims 5, 6 or 14, further including a marking nib for

marking the surface.

23. A sensing device according to claim 22, wherein the sensing device is in the form of

a stylus or pen.

24, A sensing device according to claims 1, wherein the coded data is substantially

invisible to the unaided human eye.

25. A sensing device according to claim 24, wherein the coded data is printed using

infrared ink, the sensing device being responsive in the infrared spectrum.

26. A sensing device according to claim 7, wherein the coded data includes a plurality of
tags, each of which is indicative of an identity of a region within which the tag lies, and of a
reference point of the region, the region being associated with the surface, the reference point

being indicative of the position of the tag within the region.
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27. A sensing device according to claim 8, wherein the coded data includes a plurality of
tags, each of which is indicative of an identity of a region within which the tag lies, and each of

which includes at least one periodic element of the coded data.

28. A sensing device according to claim |, wherein the orientation sensing means
is configured to infer the orientation from perspective distortion of at least some of the coded

data.
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