1 SENSI NG DEVI CE COVPRI SI NG SENSI NG MEANS, PROCESSOR
AND COMMUNI CATI ON MEANS' FI ELD OF | NVENTI ON The
present invention relates to a sensing device for
capturing information applied freehand and
particularly, but not exclusively, to a sensing device
whi ch can capture drawing or witing information
applied freehand by a user tjo a surface. The invention
has been devel oped prinmarily to allow a | arge nunber
of distributed wusers to interact w th networked

g , . . . oy
PGP Ao s ot

interactive printed natter on denmand via hi gh-speed

networ ked color printers. Al though the invention wll

| argely be described herein with reference to this

use, it will be appreciated that the invention is not
FIELR QFINVIENRI@Nd. CO PENDI NG APPLI CATI ONS Vari ous

met honig, pr&ﬂﬂti&fﬁﬁati@ﬂﬁ:la&@ gaaabmﬁlgrc?{dlaﬁl fon gaﬁtﬁriﬂghﬁfoﬂgaeﬁue Rpplied
invention are isclosed in the fo W ng, cp- pendi ng )
fregiagyt and,particiliry; P ot eeligipiaisciing Gyioa Sbich libcaphry fraving
or PFiEESMormARNpHICA febiikli bpReQH S Asuvthdeh t he present

i nvention: NPAO60US, NPAO61US, NPA081US, NPA082US,

NPPOLITHdSnveRE a3 Waen dNEIBEESmariNPBCRIGWS, 1aAPRGRAB4ISS distributed
NPPQ22US, NPPO23 NPSOL5US, NPSOL7US

US,, NPSOL4US ,
PSS ™ AFRSEDF ] n PSS &8 NPHEBREE o PRESDDH(85 hand-held
optRlaNGIAdSrs, RINBRUS, olhiNGRIdRactiR! DKL nlder @h Steh@idVeS high-speed

t hese co-pending applications are_incorporated herein
neppried ocolor printest epithougiedh, inygioncwilh bigehs be epraibed ihpsgin with

refeidfddtth fHieitde AYwilltss 2fiRE6kALd MMTRERventibd 8 nW thircRAimited.
repl aced by the correspondi ng USSN when avai'l abl e.

Vari ous nethods, systens and apparatus relating to the
COWPENDING APFNECAPIONGS e  disclosed in the foll ow ng

co-p in l.j cations fi] he appl,i cant or. .
oo Qe PR HHEBT il xRl kAT BE P ial Ty o
dishllegd@ lit: Whs; fdNPAGIE KopendiiAlitiSion NBROASUR; apiPddh 3tSssignee of the

NPAOS9 . NPAOG64 . NPBOOG NPSQ04US, NPSQO8US,
RS SN s v R IREHEE UpcaUs, UPoaUS,
NPAOORUS TRl GS 05 Wrads i th%ﬁ)%. fﬁfﬁenﬂf gg

0801 NPAV6 - NPADSIUS 0821 PPYIOUS,  NPPO13US,
ﬁgﬁag 20U | NERbAYU epBhiAs! DX :]B%% NPS014US,
. PSO17US,  NPS018US, NPS022US, NPS027US  NPS028US,
NPT008US, BINOIUS, BINO2US, BINO3US, BING4US
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.

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:

NPAO11US, NPAO31US, NPA040US, NPAOM6US, NPAOQ53US, NPAO59US,
NPA064US, NPBO06US, NPS004US, NPS008US, NPS013US, NPS024US,
UPO1US, UPO2US, UPO3US, UP04US, UPOSUS

The disclosures of these co-pending applications are incorporated herein by cross-
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2 reference. Each application is tenporarily
identified by its docket nunber. This will be
repl aced by the correspondi ng USSN when avai | abl e.
Vari ous nethods, systens and apparatus relating to the
present invention are disclosed in the foll ow ng
co-pendi ng applications filed by the applicant or
assignee of the present ingention on 15 Septenber
2000: NPA024US, NPA025US, NPA047US, NPA049US The
refliei&). GSHK SpIR tiJnh%S@glg&é@lgni%tﬂﬁie | C ééc'k%”r? o€ This will be
I ncor porated hereln Cross- refefence. Each
repdgngdl bx the icorespendingifSNavtiehwvdildelnt i fi ed by its docket
nunber. This will be replaced by the correspondi ng US
SN wh¥sriogy andthddh.e sysiges | and sapperetu dslatingy 6t des paseat invention are
. r gt i he . nrese ibhpvention are .
0RO B8 P Dol AIRLERE e, AT ot gintonee of e
presgritéyettyontond S SppeizaA6000r assi gnee of the present
i nvention on 30 June 2000: NPA014US, NPA015US,
NENPAOD2.US NEMPA02E US NIMPADZB USNPNBAZIAL US,  NPAO50US,
NPAGCSI US, NPA052US, NPA063US, NPA065US, NPA067US,
NPAO 6B1gS]isciipie6 0lUBgseNRABTdi i Sap pNRAR T2 1S, in NRBEDBIUBrein by cross-

AR AR08 By 0 Al PSR FECORE L

refdppd btht carspariag iUSSDIvien ataldblber ei n by cross-
- reference. Each application is tenmporarily identified
by i t'¢argos loetthodsindyetems Taad Sapparhivs belatinegefl aeepkedidt idvention are
. correspondi.ng. USSN when avail abl.e. .Vari ous, nmet hods,
i SRR P Hg P Re TS WPFIG: T3 (K R of assighe of the
present @rveiton oaBe Jundi28@l: osed i n the foll owi ng co-pendi ng
applications filed by the applicant or assignee of the
NPOesEs)t INPensiHn orAadRUdy ROA026UNPAORPWEs SURAORRWE1 1US,
NPNBADOSE US NPNBANIDS; USNPMBARI 0K USNPNBEA (57 USNP ADBAG) 8 USP A 067US,
NPBASI0S US NPNBAI OUS NPNBANLS, USNPNBADLIK USNPBBRROS, 7NBB004US,
NPRPAD SUSNPREBQEY US PENPAD? O USPENIARY? 1 USpENRAGB OUSPECO7US
NPAO35US, NPA048US, NPAO75US, NPBOO US, NPBOO2US,

NPKO OihelSisc eIk e se oHIP pliddAKE0RE Moo HelRin by cross-
NPMDO2US, NPMDO3US, NPMIO4US, . NPNOQ US, NPPOO US, |
rofRENS0 505 TBPOTALS, RISPES s b0 Aok \pPOBE S his wil be
rephCERDB LS orNERGIWS USRS MAi1aNPSOO US,  NPS003US,
NPSO020US, NPTOO US, NPTO002US, NPTO03US, NPT004US,

NPXOQtdelous 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 23 May 2000:

NPAOOIUS, NPA002US, NPAO04US, NPAO005US, NPA006US, NPAOQ7US,
NPAOOSUS, NPAOOIUS, NPAQIOUS, NPAOI2US, NPAO016US, NPAOL7US,
NPAQO18US, NPAQI9US, NPA0O20US, NPAO021US, NPA030US, NPA035US,
NPAO48US, NPAQ75US, NPBOO1US, NPB002US, NPK002US, NPK003US,
NPKO004US, NPKO005US, NPMO001US, NPMO002US, NPM003US, NPMO004US,
NPNOO1US, NPPOOIUS, NPP003US, NPP005US, NPP006US, NPP0O7US,
NPPOOSUS,  NPPOl6US, NPPOI7US, NPPOI8US, NPS001US, NPS003US,
NPS020US,  NPT001US, NPT002US, NPTO03US, NPT004US, NPX001US,
NPX003US, NPX008US, NPX011US, NPX014US, NPX016US, [1J52US,
IMS2US, MJ10US, MI11US, MIJI12US, MIJ13US, MJi14US,
MJiSUS, MJ34US, MI47US, MJ58US, MIJ62US, MIJI63US,
PAK04US, PAKO5US, PAKO6US, PAKO7US, PAKO8US, PECO1US,
PECO02US, PECO3US
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NPX003US, NPX008US, NPXO | US, NPX014US, NPX016US
[ J52US, [1JIMb2US, MIIQUS M I Ilus, MI12US, MI13US,
MI14US, M | 5US, MI34US, MI47US, MI58US, MI62US,
MI63US, PAKO4US, PAKO5US, PAKO6US, PAKO7US, PAKOS8US,
PECO US, PECO2US, PECO3US NPS096-SG 3 The
di scl osures of these co-pending applications are
i ncorporated herein by crosg reference. Each
application is tenporarily identified by its docket
nunber. This will be replaced by the correspondi ng
USSN whe,
Prosent g ke ar ey QR ate iy atoRE ol AUHIe berein by oross-
referenesr doels applichtianhis tsypererity uidemigied by nibn dockset ﬁumuber This will be
yboard and/ or nouse for
]eﬁﬁﬁﬁk ESQF% &ﬁkgﬁk%ﬁﬂW@%ﬁ'ﬁhFﬁsuch an interface is
pomerful it is relatively bul ky and non-portabl e.
Infornation printed on paper can be easier to read
and nore portable than information displayed on a
conputer nonitor. However, unlike a keyboard or nouse,
a pen on paper generally lacks the ability to
interact with conputer software. OBJECT It is an
obj ect of the present invention to conbi ne advant ages
of pen on paper and conputer systens. SUVMARY OF
I NVENTI ON The present invention relates to a sensing
device for sensing region identity data and
generating novenent data when the sensing device is
noved relative to a region of a surface, the region
identity data being indicative of an identity of the
regi on, the novenent data being indicative of the
novenent of the sensing device relative to the region,
the surface having disposed upon it coded data
indicative of at |east one region associated with the
surface, the sensing device including: region
identity sensing neans configured to sense the region
identity data using at |east sone of the coded dat a;
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notion sensing nmeans configured to generate the
nmovenent data; and conmuni cations nmeans configured to
communi cate the region identity data and the novenent
data to a conputer system Preferably, the notion
sensing neans is configured to generate the novenent
data wusing at |east sone of the coded data. Mirre
preferably, the coded data i4gs al so indicative of a
plurality of reference points of the region, the
notion sensing nmeans being configured to generate the
BAOKEROUNDat a on the basis of the sensing device's

L”S.V o B SepfuE ot & Corter 55ty Bfeally TSR s ging o
m(miIde br di&ﬂphyin. dhfoghesiopand @ dcleﬁo@tld&ﬂiﬁm& $noubd@r MPuitBP information.

[ bei ng c dto nerate the .
Pﬁg‘n g Ten e PR rﬁlgsﬁtg atively Rlgysidgnongneytpile laformation
priﬁ&ﬂ eiiiEtiper’ €h el dasied @ Rhd bi@PfbreORBEBE thddeinRehRE] Gsplayed on a
ments. In a further enbodlnent t he novenent

°°§‘8‘H§f ‘ﬁ‘@‘“??ﬁaﬁ@“ﬁ"?fc}“ﬂ&‘@é‘ keyborpd-Qrimayse, 2 pep OB Paires gensHally lacks the

abBRNGIifiGradtBAMSTombiter REGALEr ati on sensing neans bei ng
configured to sense acceleration of the sensing

device as it is noved relative to the surface region,
OBJECTIOVENent sensing neans bei ng configured to

gener @i ect BV R Bl hBufth BELHOR ERbINecS BBl Hpaper and

the ‘acce ation tUres cand advan age
Commwgewﬁmhmventlon wi || becone apparent fron1the

foll owi ng description of enbodiments thereof, by way

of exanple only, with reference to the acconpanying
SUMMARYJSF INVEMDONSG 6 BRI EF DESCRI PTI ON OF DRAW NGS

Pref er Heqﬁesélﬁdm@ﬁﬁtﬁrreleﬁbﬁcﬂ MﬂngeOfce Fdd Gerls Y ?f@idncmenw data and
now be described, b non-limting exanple

S5 S Y R 4918 PR e SEing Réetcs AT Tl VeloaRige of # purace,

theWBgiem idefitd UAte bling SndRaenN AR idehtiQfor aletr%m{ ﬁieaﬁdv@ﬁ&h'data being
etween a sanpl e printed netpage and s online

indigativg plothe dppveipey A dhepscpging deedRighTCtovihe fesm, fhe sutface having

disbée@ g6 it ObeR AMBRNcAVEBE RAGRE BRMNegitn RELRALEWRE 't}{étsﬁlrface the
a. netpage page server, and a netpage application

sengip devyice ipglyding 3 ilustrates a col l ection of net page

servers and printers interconnected via a network;
region identity sensing means configured to sense the region identity data using at

least some of the coded data;
motion sensing means configured to generate the movement data; and

communications means configured to communicate the region identity data and the

movement data to a computer system.

Preferably, the motion sensing means is configured to generate the movement data

using at least some of the coded data.

More preferably, the coded data is also indicative of a plurality of reference points of
the region, the motion sensing means being configured to generate the movement data on the

basis of the sensing device’s movement relative to at least one of the reference points.
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Figure 4 is a schematic view of a high-level structure
of a printed netpage and its online page description;
Figure 5a is a plan view showing a structure of a
net page tag; Figure 5b is a plan view showi ng a
rel ati onship between a set of the tags shown in Figure
5a and a field of view of a netpage sensing device in
the form of a netpage pen; Kigure 6a is a plan view
showi ng an alternative structure of a netpage tag;
Fi gurg HRikdatie an@ﬁh?ﬁbrﬁv‘fhg' 04a %c{:_;ﬁésﬁieh&gg’ Q]eﬁ)lelgs the motion
bet ween a set of tags shown In
sefsing| Mean$ being wordigueed e cprmede ﬁ?@nmvngetdeiataccm tha badieoff e rensing
dePibeSmBELRAOR Al P@(ﬂb af e ?&% oq}‘fl}e J)%I‘l sﬁel&qen sl ew show ng an

arrangenent of nine o own In Fi gure 6a

wher e S, acent t

Frourd bavREk np eI é’ﬁ‘)ﬁ%ﬁ‘? b R bRyl o
aceedrration osenghg tmnisyﬂ!bcdceﬁlﬁﬂitlmhamﬁmgl rmeanmdnemgrdmﬁgfrect he sense

Ei
ac&e‘?egatl%pl %\Mhel s@nsnl gigl:wﬁe as ft raec i aelﬁtlvei? 8}8 rsP;??]Cﬁ]reggfng &ﬁ éncg/ement

sensslganqzaesr b@@ tcm\ﬁguradl m/\gecnéraa thempegenpéita By fericdRally sampling the
ciated tag-sensing field-of-view cone; Figure 9
perspectlve exploded V|em10f the netpage pen

sho Fi a sche i ¢ bl ock

ai sorisaier S sdrioatn FoF e in FAEon Sip bsamp anrs figm the
folidWmQ:degcm‘mSn 8f aﬂlﬁbdﬁnenﬁl theted, by Way S Xaiple SRR CWItNY eefdrbiRWto the
. (% mted netpage printer; NPS096-SG 7

cci?lm&ﬁ?yéngl a"l‘”gg section through the I ength of the

net page printer of Figure 11; Figure 12a is an

enl arged portion of Figure 12 show ng a section of the

dupl exed print engines and glue wheel assenbly;

Figure 13 is a detailed view of the ink cartridge,

ink, air and glue paths, and print engines of the

acce?erzglo

net page printer of Figures | | and 12; Figure 14 is a
schematic bl ock diagramof a printer controller for
the netpage printer shown in Figures |I | and 12;

Figure 15 is a schematic bl ock di agram of dupl exed
print engine controllers and MenjetTm printheads
associated with the printer controller shown in Figure
14; Figure 16 is a schematic bl ock diagram of the
print engine controller shown in Figures 14 and
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15; Figure 17 is a perspective view of a single

Menm et Tm printing elenent, as used in, for exanple,
the netpage printer of Figures 10 to 12; Figure 18 is
a perspective view of a snmall part of an array of
McnjetTmprinting elenments; Figure 19 is a series of
perspective views illustrating the operating cycle of
the McrojetTM printing el ement shown in Figure 13;
Figure 20 is a perspective view of a short segnment of
a pagewi dth MenjetTm printhead; Figure 21 is a

BREFDESERIPHION OF DRAWIRGSC! ass diagram Figure 22 is a

schemptic view . of a printer ass di agr am i gur

o o Beksbhr o st Sime B PREoR A Pk pe el Savey of

nondindtigodxemipit iotly W ishtefkendfitoaidct Sradah@iig Glhames, M REERM
Figure 25 is a schematic view of a docunent and page

Figies ¢ris phihoinatid @ssthelrd@lodship bdtviilsamiblel prinfed HEPEIFBIH Gts online
vi ew of. a docunent and page ownership cl ass di agram

m%ﬁ@ﬁ?@“@% is a schematic view of a terninal elenent
.specialization class diagram_. Figure 28 is a .

Figly e SPOMEG i AT 8 HPIEan, bemueel SopRIES PP B e printer, 2

nefpa@sSiagtl b @, a nEthdLppikBidnSe@esSchemati c view of a
hyperlink el ement class diagram NPS096-SG 8 Figure

Figfde B filustrAehRiFBEion Ui R¥Ya8d setveYHRE pHtBK ifdrEdMBRYied via a network;
specialization class diagram Figure 31 is a

Figeh1 8 iBd sdheMatRWidF ofa RigReNl sikQbke BF @?Aﬁnt@dl AtPagll bADAline page
Figure 32 is a schematic view of a formclass di agram
depgribli?™s 33 is a schematic view of a digital ink class
.diagram Figure 34 is a schematic view of a field
Figremfeii e Pep sEriboyiagn Siceragts NHPagEE  Figure 35 is a
.schgnati view of a ch?ckbox field class diagram . _
Fighreyoh & asgfan ey shosyiaga rslatiopihipediveen & seief the pgshepva de Figure 5a

andl b HGIHAAViewholf § HELBagd Gerlsig AeviceR ARG oaGpRfe RnSI gnat ure
field class diagram Figure 38 is a flowhart of an

FiguapeH is RpRE O8RS AGwiak B0LlictiaVe muBfeth 3 %apagf% ta; det ai | ed
flowchart of one step of the flowchart o I gure 38;

Fidrir6 & a3far SieR sEGHBEREIRioMN@bPheed dNBOSE (REMYEEoFA MBI 62
I$nent class diagram Figure 40 is a schematic view
anghp Hld OB wEN Ok el FNSINE dFVice a8 formef nARipagEingtir e 41 i s
.a schematic view of a favorites |ist class diagram
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

cone;
Figure 9 is a perspective exploded view of the netpage pen shown in Figure 8;

Figure 10 is a schematic block diagram of a pen controller for the netpage pen shown in

Figures 8 and 9;
Figure 11 is a perspective view of a wall-mounted netpage printer;
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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 subm ssion protocol; 7 Figure 47 is a schematic
vi ew of a comm ssion paynent protocol; Figure 48 is a

PSSR IsCri¥) BuBh i r of Fi A9 1s a
1?jl}ovvchar‘S t 1o \géugt F‘%&ﬂ‘%{g’aﬁgﬁﬁ%&’?ﬁ%&%{Hrfrff‘g%zi’ Fi gure
Figfe | 5 i@arS GREDRIdof N L i bial of ' ' i
i L 5r® ClRB Rt el Ao e Phod B AR print engines
anEigE FRREEsANE);OTHER EMBODI MENTS Note: MenjctTmis a
trade mark of Silverbrook Research Pty Ltd, Australi a.
Figwe this qdetdiled vied of tizodk patiidge,tibke airrmué glue paths, sind print engines of
' . i.t.h. t he netpage networked
th{%ﬁ%ﬁ?éﬁﬁgfﬁfgﬁ?ggl%@“21Ied overvi ew of which follows.
rilhy 14 DaRP AL A48 L Fhin oy AR o W RREL AR o
Figmsdilfand1det ai | s and ext ensi ons di scussed bel ow i n
relation to the basic system However, the systemis
Fighes t¥ iisoe sthiematid Blsckndisgrare affdbgted fppintreigine @dtclerd iRl Memjet™

need for .external refere en.affenpting to
prifists eRbrited REM B al G RS G AR e o Ve

.enmbodi nents an spects of the present _inyventjo
P R el FlafC B oD the PR SBREF EBleTHI b e 14 and
15net page system enpl oys a conputer interface in the

formof a mapped surface, that is, a physical surface
Figitd Chis @ parsiiictive Vied 6f EMGpRSMefhRt® phiBingQlentdi€ a$bledl AL Ror example,
mai ntai ned i.n a conputer system The map references
thengipagrpripiss Pf Bgureplp 8 2appr opri at e sensi ng devi ce.
.Dependi ng upon the specjfic inplenentation, the map
Figugs |8 ip 4 BEPeRES Visey dricgh gart plamisry o Mpmigt™ pinting clpmgnts;
_defined in such a way that a |ocal query on the
Figseep o8 & st of Pypreride wemuiBpiritige diesonseping efdde ehthe Memjet™

pﬁﬁﬂ&%@MJJmﬂwﬁﬁﬁﬁggprgnd anong different maps. The

comput er system can contain information about features

. i nf i onwcan, be.
Flg:ﬁne 2tOht>ea H:E@tgve J?ewgf%‘%ﬁort s%glgelﬁ%?g géggeglgl%l}rlﬁtgh]%gry %glgtheaed,

etriev ased on map rererence

Fi%ipe'ﬁiipgschgrgﬁic%‘lee“”&%quWCialgs rﬁlg arH,pred surface. The
n

formation thus retrieved can take the form of

Figgfet229$§ scﬁ’élhﬁ!l hfof S HribdeRLIES d¥rhie conmputer system on
behal T of the operator 1n response to the operator's
Fidu B 8L Lch ARt Al §3Gef M A Grnfat UT €S-

Figure 24 is a schematic view of an application class diagram;

Figure 25 is a schematic view of a document and page description class diagram;

Figure 26 is a schematic view of a document and page ownership class diagram;

Figure 27 is a schematic view of a terminal element specialization class diagram;

Figure 28 is a schematic view of a static element specialization class diagram;

Figure 29 is a schematic view of a hyperlink element class diagram;
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Inits preferred form the netpage systemrelies on
the production of, and human interaction wth,

net pages. These are pages of text, graphics and i mges
printed on ordinary paper, but which work |ike
interactive web pages. Information is encoded on each
page using ink which is substantially invisible to

t he unai ded human eye. The ignk, however, and thereby
the coded data, can be sensed by an optically imaging

FfRO3 PR SLIARSILL 8fla fdelifIR RRLAIAR SN s RPSRL T al e

an paper nay "be us enco mat i on

F1$1€ﬁ(§ ﬂ;ﬁ g@éh%fnﬁﬁc! ¥ Pa{'fgggﬂhﬂﬁﬂtg{&& cfilds #‘%éﬁ“ ed absorptive

SO an In sensitive op > sensor may be

Fidseh is'afsch@ﬁuﬁ{'icf ady gEDg! \@ﬁ¥sedia .hs may be used or

ensi ng techni ques other tharr optical sensing; one
. nat e i s . . i c..inks. and o
Fidhd B Rl b o R bR, Pl ks on
FRED: BRARCAAR ek 614 AAEHeMb ek IBBENAGEICS ¢ ces

Fi Qe%iQQE&B&&%@&%g{]%ohgﬂ(bgyﬁgggﬁés%%g}a%- one enbodi nent,

ext witten page 15 dutomatically

Fi@?&ﬁ,@i@Eé&gmé‘t‘i‘cdvi&gpfae&t‘?ﬂldféla%s Sﬁgﬁgﬁit er text in the

et page system ow ng forns be filled in. In

Figglgéﬂ?fisgm%wwofa& gfﬁgédgglggﬁgs%g ded on a net page

e automatically ver OW g é- commer ce

RS RS o,

ustrated I n ed netpage | can
F R el RO AR T A P o e A 35 e, el
Fig PR et e SRV AR AR AE GRS ST
R A S e R e A

Fiéﬁfei ﬂtlﬁgséﬁgﬁi&% éwc‘bib; ﬁvdrﬁé@flis@c@gs i grlg%l data 3 printed as

a collection of tags 4 using I nvi e ink. The

Fidafy 4285 RORGL A% »F?&ngeagﬁsﬁﬁiﬁwcﬁaﬁ?dé%ﬁl ored on the

net page networ Kk, ribes the 1ndividual elenents of

Fiéuréeélf’:n?{! R@G8atic ViP5 o d leékistﬁoni 1193%2@%{0985 the type and

spatial extent (zone) of " eac eractive el enent

Fiéji:le* £ isL?@ﬁEmgtECQJigv Sy @Hérliﬂpreé S{(H&S %@E‘H' €), . to all ow
e netpage systemt correctly i nterpret input via
. . Tk Lty 0n. .exanpl e, has a
F I e S S B e ped b 2 ekt et of ¢ he
; ' [ " ' ted in Figure 2,
rRISERRAIRR AR ity MR, o 1 O
. ' L OLUE .9. j had in nore detai
el i A
Pﬁ%&ém199?%BL£kQﬁ£G&QﬂF§8tﬁgz .nting appliance for

one, office or nobi'le use. e penis wreless and

Flgg%o@?t‘wé A& & IES &foﬂ% %fﬂ)\%éé L\Férﬁﬁmf‘ﬁhpag e printer via a

-range radi o

Figure 50 is a schematic view of a raw digital ink class diagram.
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desired the pen nmay be connected to the system
utilizing wires or an infrared transmtter, although
both alternatives limt usability. The netpage printer
601, a preferred formof which is shown in Figures | |
to 13 and described in nore detail below, is able to
deliver, periodically or on demand, personalized
newspapers, nagazi nes, catalgogs, brochures and ot her
publications, all printed at high quality as

i nteractive netpages. Unlike a personal conputer, the

D@ﬁmeea%ﬁéﬁﬁioh OPPREPERREBCANMIHRIER Eﬂvfhﬁﬁ;weélﬁse

exanpl e, ] -ounted a nt.to an area ]

ror NG 4 e o SUMBRoT REREE P by Ao

kitc near breakfast table, or near the X

ous PSS SEDGRN i e G b g gy workwidh e ntpage
neGIEE compltatiysitapa daaRE bORVieR QI WARhGoIBRE. Wil 8¢ M¥pReciated that

ver si ons. hbtgﬁ%ﬁs printed at their point of ) ]
not BiFBUMI ARSI ecesprai e grabody il 9 vegimashpfhe snpFifip detaids and
extehd181sidN TS PIMbW M trfhtdfmitd e bisiOdysRM. HH QLA el sYEenTRUedibed in
. As shown in Figure 2, the netpage pen 10 1 interacts
itsWpsh APl duE tareugm the pecdntor Fxtemel sefgenge whep attempting to
unfReINtHead At Vil 3hRhSMOT JrafbRO0 EmbRth&htd LK ashectk B the present
_interaction to a netpage printer. NPS096-SG The
INVSRGRQPPTAO1 sends the interaction to the rel evant
net page page server 10 for interpretation. 1In
appr oy%mr@f surpary. e traereed formef Pregeetpoes sxstens appleysaa computer
int&Blck GSMO RS a N ST ﬁ%k,'a%&%i&? surBOIRHER Lontains references

software running on a netpage application server 13.
to FiEp £ Piei sueedeorpineinsdein arpaippitar sysiginn Themep wlaranseroras de queried

[ [ Siaal ded: ), ol [ jet -

by R, SRl L e TRpRlind j8h 0 Pkt Bcterkilicon, che map
referigecep may be ensddedeidiid pigvisiblyyandalefiegdus eth iarwag taf utcliqoery on

j i.gh- i r [ St e MVENVE)
b RS BRI SR LSk A RRALE S DN S R amons
diffeomninmaps. e sompebmobtegycan celtain infedmationalglot Speed oanik mapped
sullgdoc%,sr}fgﬁgl?égl 15%}‘1&2{1;{0@%%?% Ileetr?iregegl%ea]geg?o:rrl]emg fr%%%eglcgegslé;gpptligd by a sensing
deyiesbiised atithothe happdadharfpdey She alformhtom due réitéved a0 faka the form of

traditional..ne azin uch t of .
actiopy phch 3 g B Shipeier sy S Biaft el e cBupiar ingrsepe i the
opsatdésintdp@tindwitiothe kinéice featureseasy navi gati on and
confortabl e handling. The netpage printer exploits the
gr owiIngts gwefertrabfolh t §ie abtplteogsibanelids rinethé) piodatios $3,. and human
. Cahle service is,available to 95% of haouseholds in th
iR oR 0y Horhes. e, Pt ohiiy epBr e Rppa g on ondinary
pa@;,&ﬂﬂ baiohl WIOE{ kiergteraditeossh ﬂa@esainf(&ﬂdﬁ’c?nay andoaddl & dabh Ba%%using
. .of these, The netpage printer can alsQ qgperate wt
nhsY bt sebvRTEEb; 18 I?I%Bﬁ?he&nflﬂfédr hugpani£YF-oifig el dewewsepyd thereby
thet dodBB d&Ms, daBVWRIsehsABBS anHpibdlk VimALin® @bt and NEIRRAGIed B he netpage
netpage system can be enabl ed usi ng exi sting consumer
SYSFHk PSR Othendiap pRrer ia¥e vsedl tlie gt dechifagipaticaninidhg preferred
emBRBOE: &5 AP m&a%l QBdYptAB GuiMild! sotal 8B &nlfvd §RRal sensor may be

used. If desired other wavelengths may be used or sensing techniques other than optical

sensing; one alternative is to use magnetic inks and sensors.

In the preferred form, active buttons and hyperlinks on each page can be clicked with

the pen to request information from the network or to signal preferences to a network server. In
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acceptable froma consuner's point of view In other

enbodi nents, the netpage systemis hosted on a

private intranet. In still other enbodi nents, the

net page systemis hosted on a single conputer or

conmput er - enabl ed device, such as a printer. Netpage

publication servers 14 on the netpage network are

configured to deliver prinfgquality publications to

net page printers. Peri odi cal publications are

b

on«gj gjnflg]c%dznﬁ%g \}?gld%gt:gﬁgv% ﬁg}dl ng aﬁ%g é%‘??‘%%}{s 11 I%E(?%%%d anc% converted
to mmnummm in fRe mstpmlsyﬁmi a;ﬂa'bing datns ambe ﬁﬂeﬂ Iﬁn Intoghree dmbatiments,
51 a% Ies recorQe CCE? Irlé:a‘%an € au oma#lcalll Verl 1? ESfOWl egfoiml ee?de tlét\nsactions
gietisa | it &F §n%e O i'gur 84 o™ SUBIFoTr AR
tobnmh&elyaﬁthme&, and a pen can vvork W th any nunber of

net page printers. In the preferred inplenentation,

each AsillpagedpeRiguledsa arinted wptpage tleairefreent a idtehotisemh dhich

col B ARLE P SR R afi LB ] o aad appigaiaty” v

coRMRGHIcADA betivoeBe Pénind (1R rdipsgd spatm PriRfekdrfple Motk a FR&REET form
e rver

t o a net page ubI' tion server o lication
conggiaia et e tiendidEandnuimichafior Ihehftoass conysts, ot pghic data 2
prih@8 Pafd Vivibleliahd/ cIAEORRL 3 pHIRVEMES colladioft ¥Plagd @@ﬁngﬁh@me ink.

ot her neans S096-SG 12 may be used to 1 dentif
Thg garrespond wgtpﬁ%@gswﬂ% Srrtogpden %%n%a@? SPTROE dietihes éhe individual

elciRAH 3@ ehel REPaSs. TR DHhABUISEN U&Eribes |thea@Fe hddndpeehl ck@ntQR&hePbf cach
nor e ayment card accounts. This all ows e-comrerce

inteyastiye ﬁie§wfﬂo(l Belexteliald a1 Yutlon in Hisrexampielidy Al e ne@pgsayyaem to

colP&ly niﬂﬂﬁrepﬁ‘af)ﬂa}%eﬂlé ﬁ&%a%g Bl s@fini® BEORT6, fof Qﬂtﬁfpﬁ:s hdsh&one 7 which
sighature captured t he net page pen wth

cmﬁ?sewdéE%ﬂﬁysna@@heﬁe@twééw@mg@fa@qﬁm graphicdni ng i t to
authenticate the user's identity to an e-conmerce
ser vets iliggirtsd ipFigaet? thedetpage pand§ L peprefseet fogm gEwhicly is shown

in F%ﬁﬁg igtalid 0AnY FERHPA Rfmdrb BetMEbABIEWHRY i DRJHARR with a netpage
fingerprint scanning, verified in a simlar wa by

pripige Qieﬂiﬂ@@ef“@gmgﬁdéﬁmmg aplianep for hpm otftph onmakitepiay ér he pen is
w&fek@in@cofﬁﬁ%nféﬁ!ﬁé 866U rel %vrﬂhqgé %%n?ﬂﬁ‘t@r 2 atslliH?t ﬂgéerlja&lg link 9. If

newspaper out u i nt ion, It can
desgrgd fiheg panea &y epmle@tedm {he estysterm aigilizing wards pumk infardd, trangmitter,

alth b btk lfte?ﬁd'n@gs lfrﬂ¥£9abiiiér. only delivers periodicals from
therw s i i

SCri ed or o aut hori zed sources. In this

r eS Pefk: n]ettpg% Cﬂ}ﬁ{ep @% @Léfmearfoﬂn'ls f4lidnke sﬁv&qﬁ(nggﬁm P‘% 13 and

or e-nai bi'e to
dewhbedkmcmetdheﬂtb@lowphﬁoﬂée toudddizer, periodivally madd des:sld personalized

uews&)tagu n%a az?ne¥ cag?o gqatrocilﬁres g!}lds otﬁer >Prrﬁl}/cagonsm? al\/eds f E gF t%|‘1;)1a111:y

Sl e users r eac
as aitﬂridlt{g/n&tp}lgeﬁ Xipblsea pdmmnl qomlputble theSetphge @intes i appléanse which
lBtle Sfor & eXampqe %ali’-\n’algun?ed ac%r?tt tlo NSh grléati Sv\!fhg:l% T gengosrm%glg lngws qs first
consumed, such as in a user’s kitchen, near a breakfast table, or near the household’s point of

departure for the day. It also comes in tabletop, desktop, portable and miniature versions.

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

with the timeliness and interactivity of an interactive medium.

As shown in Figure 2, the netpage pen 101 interacts with the coded data on a printed

netpage 1 and communicates, via a short-range radio link 9, the interaction to a netpage printer.
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too send junk mail. 1 . NETPAGE SYSTEm ARCHI TECTURE

Each object nodel in the systemis described using a

Uni fi ed Model i ng Language (UM.) class diagram A

cl ass diagram consists of a set of object classes

connected by relationships, and two ki nds of

rel ati onships are of interest here: associations and

general i zati ons. An associ atjon represents sone kind

of relationship between objects, i.e. between
T S

HeTSRARGSils L ARgERe O MERRAGHEThi et B 10 135 aion
Iﬂ|@Prﬁpr&t%§%cup§taﬂ%dbﬁPaggfselafsr sehds 8 gorresporglinig r@@pf&@ tte apyflication

s [

coIn’Bﬁ%r e Irélﬁlg]?g n%l Qﬁép?e aéplfaano?es%\x%[eé ajc ﬁ[ﬁg @gxgﬂlog sgr%éc’r may in
tursens arespongeythich] lapr@it@bbmm ¢rigitatingenmgerof t he class. It

contains a list of the attributes of the class,

separ Bice detbaggnpiisiean ripanr@dfb)ﬁoasittmbilyz omtralcohvenient andhe preferred
enlbh(zl}ng{?t{ ?}I; E&ngegﬁgrlﬂt l y]ﬂl%t%lé r\h{}glﬁ %?pe d mu‘?r@%l c?t (:"decﬂc LAl system
(MEMyrbases lvl{wt((Meﬁmﬂt‘lMamlnth@vh\ﬂwrgrefeqnm fatm oﬁmlsaecﬁndﬂegge kelatively

. e oc ation is oi ni.n
g Ot O FARGIHnE Dby P Briafe 1 Bl 1 e b
fonmy | at nqbaice Iptllyhcaﬁiont ]lns thes glqelcalt thafacterties de%athlditlonal newsmagazine,

PSO 6-SG 1
SUH’P % a 2 JE %@e%e¥'ﬁﬁf §l%fﬁy PRgSS )PI'[B‘FE .uh;@ﬁy:o or on B oth f@% %Blfndﬁﬁg,egger for
eaﬁamhgamanal adnfomabicshapgiingonal |y | abeled wth its nane,
and is also optionally | abeled at either end with the
rol e Bfe relpagc piimaspplotld they grovhifs SuailAvilit RE Brod diRA® Mdernet access.

e R R T M -
ofﬂemgebrombgmmmat aakisan afr@ldﬁhtﬂlﬁﬁlb it 20%1 oF tie's. The nSfp@dM brinter

ILne ] ol Nl n SSesS, Wi th an arrow
e o AR P SRR DY A e fvry B o fower image

quganer @th. Zadebd) theaethagdMeBmaas basmbRi @ﬁﬁ%&ﬁlétﬁg Qé&{iﬁ& 1?18‘(3; and
| catl e

| into rrultl\mp %‘g‘a grans, _any cl ass whi

aspig PG MoK ecsvhBaBlioRsrHie Poie A p0d Rl efore bo less

acdtpaple aromVRicefsudiels Peiat bt view! Inl Sher SMOBMehs hthB bbb RUEESEM is
onl]y where it is defined. 1.1 NETPAGES Netpages are

hoit‘ﬁjem? B PRI iirngn Mwilcother smbopisgatsnide weiphee /5tBmi ik hiosted on a

singl RQYmPIQ\dr €6t hter RAMMRIA-dORSE Qi SEh plimter face to
publ i shed informati on and interactive services. A

net p@%a@@ @ﬁlblﬁ:ﬁﬁonoier@rspffﬂ ot e RaAse hQhvolkt € %Olﬁ}é{lﬁeqqg dehver

regi on) 1nvisibl %/%ta ged with references to an onl

prigfeiahity pPrijisatigms ¢ e nsingee  prindery. a geriodigp! beubligationse care ndedwered
autbR kR all G0 SWbdAGRe netpage printers via pointcasting and multicasting Internet

protocols. Personalized publications are filiered and formatted according to individual user

profiles.

A netpage printer can be configured to support any number of pens, and a pen can
work with any number of netpage printers. In the preferred implementation, each netpage pen
has a unique identifier. A household may have a collection of colored netpage pens, one
assigned to each member of the family. This allows each user to maintain a distinct profile
with respect to a netpage publication server or application server, assuming that the assigned

pen is only used by the respective family member. However, as explained below, other means
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of the page, may be in or on a sub-layer of the page
or may be otherw se incorporated into the page. The
onl i ne page description is naintained persistently by
a netpage page server. The page description describes
the visible |ayout and content of the page, including
text, graphics and images. It also describes the

i nput el enents on the page, 12 ncl udi ng buttons,
hyperlinks, and input fields. The page descriptions

fh q§§q§(g ir,N6lpages may share conponents, such as an
Im?ngge ﬁﬁ%gh the net pages (and the associated page

desc rA %t}p%é%%} @z{neals\é'b%' % sYeer vaiftl% EJEI%{%F %%tratpo Qrver 11 anii gnked

descri pt or each page nay e re er ences
to tohe o moTRBihenbpgyd Resrusts. Fhis mﬁo\pageommbmmamtsi tags securely
' p ce tg
auﬁﬁﬁxqz%ldvﬂs e Q@{p@%gﬁ lﬂlr 2’3 %etﬁ%ge g%{riti% CFeB/)e}r (hnépareg ttB%\ sgnature

si mul t an€ousl cesse
ca}sty@d émheMﬁtplagqolbea wnélt amagesusbamglsthmd elgtadture,szahmqgagﬁ authenticate

n._ However .t hr ough .
? i er vlvlgesn g& Behit FEAT™HEY ggw?ro%ﬂ r b ? S e ﬁlga beeisedy to verify
idantitypAgersics d3is @tpege pentinélofies fipgegprint iseb@ning,fvedified hhi ssmilar way
cient precision to distinguish

age, | D has
by@%%ﬁ%@%”ﬁ?ﬁ“%@?ﬁﬁﬁ%s enV|saged to be used in the

envir t use. enV|ro s small then
The. OBERE! & RUH RSt mBh oIR8 b B Ra s B s rovspaper
withowti usa@nirenlenti®, itadag ®e chatidu rdd&feeératﬁ Gieh\te@ uhsla)ﬁm&ag@nk mail. In its

ti,on encode n.a printe ag
PGB L R aL B Be SRR R Merappaubazed smees. I
this Fepeeh Yhel ivthapeprlityr ib d@ideiof fag matiife HragRail @&66t mh'idnns wIs;Ble to

NPSD96- SG & t he p rred enbodinents the tag. a
Y YERENHIFRENT KRvGif &i@ﬁmedw Fr Ohaneigress. Aleraatvely the enic

sy@&aﬁqayz befadd Vi6ible t&buthiBEudeAOH cadhCusEeRsS bdSevilldd viRS @e ability to
i] helow. Tags are inted in |nfrared absorptive

eXI?%%t ‘ﬁ PR (D eiids lése('/%h%é'ﬁ may be By Pax eickelepting|optside wgers allowed

toosdedjuAlemei.di nary paper. Near-infrared wavel engths are
invisible to the human eye but are easily sensed by a
solid-state i mage sensor with an appropriate filter. A

1. SeNs (NETPREB BY sM AkcHiterRuRe! ati ve wavel engt h or
mvel]ﬁﬁ@%ﬁ&&'@ﬁepﬂ e f%gtrﬁ:grgnlt d\'\ﬁrlﬁe &llns@&ga g'mﬁed o%rel%ngalfa%guage

required wave
(Udpprebasy dagems wbstassﬁbgramndmsaetmsﬁ ras set ATt dipci slasemsmiechgd by

e Sen Det pa n ecoded an
rel%ﬁnsﬁl opg anﬁgﬁ\é oda ais by trﬂatl na glpsI S %gngn%r%s{ qgret oasls(??éatlons and
germeihmgies Sytsiamlatpmelfeplreaiﬁtsysdmwklh&l of neaidstiip wetreag ebjects ie.

S W reless ni cat
be o rony Pt B o el ges. e Bygeriond in
theaolovany Fiyc nfeartﬂalsy isshonight c@aclthd @S hY oliEdtoURA clalkahind di8s A is a
e an i mage at | east. one tag even on a

gergfaﬂﬁa& nef‘?‘%ﬁé Fi‘)é‘f hés %‘ﬁﬁlé‘as}‘lfse‘i‘g‘qi rrport ant t hat the pen

reco t he tag and age

oo TR e o] o Aretaekl BRI TR b g Spsick congns a
Iistidﬂt}ﬁfa&ﬁbutwa It class, separated from the name by a horizontal line, and a list of the

operations of the class, separated from the attribute list by a horizontal line. In the class

diagrams which follow, however, operations are never modeled.

An association is drawn as a line joining two classes, optionally labeled at either end

with the multiplicity of the association. The default muitiplicity is one. An asterisk (*)
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statel ess. Tags are error-correctably encoded to nake
thempartially tolerant to surface damage. The net page
page server maintains a unique page instance for each
printed netpage, allowing it to maintain a distinct
set of user-supplied values for input fields in the
page description for each printed netpage. The
rel ati onshi p between the page description, the page
i nstance, and the printed netpage is shown in Figure
: -ef ar. -£1P0 h
m&a}csaéégghl %F@gﬁc{;ﬁtcﬁ' %%g% hq?h%¥ﬁ¢%%%eﬁaﬁ%g%claﬁg %ona?ly labeled
Wiﬁll’iismm illtd iaplip optionkiolshsled tteelth@tqndgethub@rola/\bfahe correspondlng
ot STREE Bplnbag el anfBlee SPE ot fich B0k S B pfihmat e
agfrenat@ssdal thd essocmtivhlimd. t her t he net page printer which
printed the correspondi ng physical page or the
net pa@@emaiizat\idnaelaétheist(éd-ai’)t is drawinots andudith Hinb goipiag ewdvaksses,
ntent In a

il g i oL Ren Q@“ﬁl%?é‘E%F s?rsga%%%@" Pabi on I

whi ¢ L appear.s and t f that ta
e rhin ARRSR il trrs wORE M. gis . oRY biss e i
dupi@atetiés ﬂﬁgfno;ﬂthaésdasﬂedmﬂhﬁ if rall ﬂaOt ﬂhb enatrodjagr &vhsh J¥EA it. It is
fIa bits may, for exanple, signal a tag sensing
\glgéatfr%’“tef)%ﬂmvg%refté% 6% indicative of a function
associated with the i medi ate area of the tag,
th sensi ng device having to refer to a
Jﬂgscr 1T%§ﬁsof the region. A netpage pen nay
NPsogé&t@@eswe theofourdation pe which | auratneae ecteark” lacbmltv dheyt pravide a

paﬂeEPaﬁé@ fddr in&rfat@toéﬂﬂ?sh&f inforIMRE hd fg“%racf)@e Whlides P& nore

clearly explained below, in a preferred enbodi nent,

each 4 ﬁg:pag‘éqeﬁs?étﬂﬁ" A %aa?/ (or %ﬁlglgﬁ!ri%&:dre 1@%(?% V\*] Qgﬁ tagged with

structure which aids initi det ect1 on,
refergrges tosan gnlingyilesenigtion ﬁ@th? peseeThestags mey beryintedrop of intaithe durface

em G fa s i r in

o Y ghE LS B s % DR AT Oy o e

pa@rrﬁh(t onliig en descyiptinriamygénthinddgrersisteatipdp acieetpage gdgeabtvyr. The
' . Ie clic

pa%?g%%c%pﬁ%n ?ega?ﬁes g{.}f"ést‘@g aﬁgﬁ%ﬁ on%n?] of! 91 e mckld{nﬁ texlt1 %aé)hics

and imagescllt pbg rit:scolwsdm igue Elgmemis e me pagenmwudhhg blhen@ ag&rlmks and

mpﬁinﬂglg tpa&t ﬁeé;g‘?pttllor?sno f ffersettai}eﬁjagesétsnéa al%e d nen{sit ?uag gs an
1ma/gej; aﬁthalrgham ntﬂmgespagds theapdcinted pﬂ@gie@cﬁ1pt1&s¢ﬁl@®ﬁbﬁdy dififetcie The
pa% c%scrs t1g)nh r o q{ ﬂeép ggrﬂ%ﬁgcg\éc}e re{'ereﬁc% tﬂgﬁe%g ﬁ%}%ﬁﬁ%ﬁ%{?@)nents A
netpm arlesgs markings wideobithon defBigé pninSits Garfach € besim@taBédukiR feyptured
SRS REBa R zone or o SALe T
Muitiple netpages can share the same page description. However, to allow input
through otherwise identical pages to be distinguished, each netpage is assigned a unique page
identifier. This page ID has sufficient precision to distinguish between all netpages envisaged
to be used in the environment of use. If the environment is small then the precision need not be

as great as where the environment is large.

Each reference to the page description is encoded in a printed tag. The tag identifies
the unique page on which it appears, and thereby indirectly identifies the page description. In
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an interactive elenent, in which case the region ID

can directly identify the interactive elenent. Each

tag typically contains 16 bits of tag ID, at |east 90

bits of region ID, and a nunber of flag bits.

Assuming a maxi numtag density of 64 per square inch,

a 16-bit tag ID supports a region size of up to 1024

square inches. Larger regiofng can be nmapped

continuously without increasing the tag ID precision

' t . -

TR DA AOUL DR SRR ANTD0S e g
of thedagsfarepdemvibed mmoee ddigl bebyst pur poses t he

concatenation of the two can be considered as a

gl obaldgy amipguted timgnikdded-Qeorpves mlkyqn hrty sta)yiratalwsldrhbe infrared-
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exigget RERpESHP GRS ROTEAON SHpsiniprasiers Wil theahfg® dige Biet igteraction is

stafdRS TS defi@et%r—c@rr&%%ﬁ&ﬁdgméét Hlk_)r%atrtla?ﬂy'm%ﬁ &8k fce damage
The (15, 5) code allows up to NPS096- SG 16

err Or’ﬁhetri%tﬂag‘e £k 58 6drechiMhs @%@W&Qe inktaoe bt eabl?‘prmted netpage,
to]l erant of synbol error rate of up to 33% per
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i hood that the burst efror
not gyserdigl & the Afgrking jof gy énvertioprin citsr bagist formy timd dlee pazd énstange be

asgagialléé %jth lefth el g‘%chg 8?% r&ﬂ)l nge?' g«glcﬁ &nﬁﬁ&‘ gw c&%s @@gﬁ;@s@cal I)z%re or the

exanple a Re nor e o
netpegtunsetarhoyequastednt orrfer whamethe pagediak pantedit synbol and
codeword sizes; another block code; or a different

ki nd of code, such
1.2 NETPAGE TAGS

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

location of that tag within the region. A tag may also contain flags which relate to the region as
a whole or to the tag. One or more flag bits may, for example, signal a tag sensing device to
provide feedback indicative of a function associated with the immediate area of the tag,

without the sensing device having to refer to a description of the region. A netpage pen may,
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as a convol utional code (see, for exanple, Stephen B
W cker, Error Control Systens for D gital

Communi cation and Storage, Prentice-Hall 1995, the
contents of which a herein incorporated by
cross-reference). 1.2.3 Physical Tag Structure The
physi cal representation of the tag, shown in Figure 5,
i ncludes fixed target strugfures 15, 16, 17 and
variable data areas 18. The fixed target structures

« t
fox?xlalgﬁfe ail]ﬁlﬁirﬂ? g 319 aarc]; 93/ Ar o L%;ﬂ)f\gh ?ﬁ]} {é’le Z%Q%Eg}?perlp%n 0
cont s Wiftbe MG AGHE dAahOERASISRL o PRGN oRERAP cach tag
comnm@ dlechSﬂ)a@camtzad mTarwathrumuee \plncfpads mmgl de&pnmj umt whxnh assists
in fjmi t %r ed, at ucedqjs %e 20x256 STh t
RS A et S0 e B Binio R e SRR ot by AR RSRE pegtfRgoe s

praferabiy aledhtad_al’eirelﬁag@,fand bﬁuhfﬁd;lemhy snAdll antl ﬁbr&elﬁf efogdd tlﬁﬂthé P& can

t i s designhed to be surro d i.et area". of
relolff e § 4raL 6 et oF HisbRlt et o e oged M G e the pen
rec@iiikd 1hb phged Diwnd pajiaaedi eveBJsterattiononitytha ge, sifcedRd Mtcttion is

ttlwe effective dianmeter of the tag. The tag includes
staggigzs tar get structures A detection ring 15 allows the

sensi devi ce initially detect the tag.. The ring

is ea@% %fera%‘teg&ho Jimshty fredegid toovhichater Bt ng;nqlmwﬁh&ﬁ@nt're

pagd)@nd DeGatiGEIMRetbdddl iff Okt BCihérefRdreddynblydods RAE thelAlkd I of the
r enpves g'%st of the effects of perspective
pag @ Whih the eppeks ohoten tbodients ihe Hejon g whish aduisfengean be

an At L sibeeotRtor b Fhdter biker APREOKb B ERple, M @A @bincide with the zone of
orientation of the tag due to the yaw of the sensor.

an-fipgraghiyeaplementoit Whick vk ohpien (B cayyj cifegtly, idgpfify fhe interactive
cleehent ati on. Four perspective targets 17 allow the
sensing device to infer an NPS096-SG 17 accurate

t Wo- diiIE Ry QPiRAIPEERER Al ME of kAN, <af MaQfootds o %cm@ and a

hence an accurate three- dinensional position and
nugbgrenilag biih Aspumipga magimug) Qe desity of ¢heersaynsoinch, A 16-bit tag ID

suﬂp@ﬁg Blepihlshe ijﬁﬁa@ 185 £squsid UREANE dr¥er! r@é]&ﬁ cEJPbé rH@prcV Entinuously

heir immunity ‘to noise. The overall  tag s
WI@PWc*&Ff&?SIngﬂhP Jags U rencision simplgan ustngh elyuttintg) Iﬁglgns orpt mags. The

distif@ion Fﬂét%érng re {(])11 ahd § ?agqg% mBgtfy%qg Wt @y idnle. F%PI?[QSt gﬁrposes

is reqwre e an |trary non- pl anar sur
thﬂﬂ@écaﬁeagtsonrﬁyhe twgmhﬂrconbéerqir sargpbd havniqusdagibe Kesveokly, it may
m
alsBbY oB cewexgmo h@aéa&ﬂ%egm@@%x% vsgelbe 5 S ARAE R, E%fﬂlg 'k & Bd y
cocuémtes pf)ﬁne rtaa'agfx 90_51t regwnsmuw ﬁ” é+110&7u¢rmr thausaaxhg'dhcmntnlhon)

il sy

1t%.xen ég@on é(‘.S e\ Jin ﬁ]ael?/ 1ﬁenﬁﬁ&f Q"agl rznély a]esgl (?P]ntalat ebm orm%tlon and a
reglcapnaslsmlamd bvythai mxtirabf ae dges. Foldéamplef heegfoa mmyde tag@ed with
one set of tags encoding x coordinates and another set, interleaved with the first, encoding y
coordinates. It will be appreciated the region ID and tag ID precision may be more or less than

just described depending on the environment in which the system will be used.

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

data are redundantly encoded using a (15, 5) Reed-Solomon code. This yields 360 encoded bits

consisting of 6 codewords of 15 4-bit symbols each. The (15, 5) code allows up to 5 symbol
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area bounded by two radial lines 512, a radially inner

arc 514 and a radially outer arc 516. Each wedge 510

has a m ni mum di nension of 8 dots at 1600 dpi and is

designed so that its base (i.e. its inner are 514),

is at least equal to this m ninmum di nension. The

radi al height of the wedge 510 is always equal to the

m ni mum di mensi on. Each 4-bi¢ data synbol is

represented by an array 518 of 2x2 wedges 510, as best

[ ' he 15 e o

er%&qpﬁg cgriregcltegg:alg cvc\égvaror-g,alree }ta ‘fo(l)egéa# 09 g %}?mli% n;??r rate %% up e ?_3 % per
codoveéntri ¢ synbol rings 18a to 18d, shown in Flgure 5,

in interleaved fashion as shown in Figures 49 to 51.

Sy nboEsh af-bif synsitol ﬁa)rasfexdntedciﬂdemtidly &ibereti2Bayainethe tag, and the
syrt%htlélg gg tthe gi:rﬁlgée%:?? afe 1%‘(7rleaérecf g)afé%‘ IV&IIT,] i 8:? E)aegs ée?o?ﬁs?rrg(s) #ﬁga burst
eray esrageorsqf&tmagj mdlt@kamﬁallyethiman Ry dathawes aymidahisn (hflmber of

t sa deword. O her enents of th odewor d
svigpSl R he e L BEo AL BB A DRt oo R ne the
likelbyood thaothe biet ddpSan®e filkeosbagie and/ or arrangenent of

data synbols wthin each tag are nor essential to the

wor Ki Afly &fitabld @riofv@RkiiNcodk tcodeS cdiBbeehi¢d e RES af ¥ (19)&h Reed-
ach tag_encode sufficient information for
SofgHasad fr SAmPle R Repdesolamap eadbishagrei Ohlefsrfsdttnﬂm with the same

or REfRE&@K E@cbobhild codéwdrll Siz8@ehdther BMEk coddObr 4 alﬁwnta@ﬂﬂecﬁtcbaé, such
to the morklc%dof the invention. As such

as gy poRnefutinsAt sodieyeep frrpmplzetiepher ﬁrp‘i‘f&eroﬁrfsf Fr@‘l‘t“tl stems for

DI%M: USdrhthi@iScaBbie aflE SEridde BronficddTnll PSRk céhtdhesd ot dich a herein
661, 506, 5,477,012 and 5, 852,434, and PCT
ingoRIteclyi canssTeberioes08/ 20597, the contents of each of
whi ch are incorporated herein by reference. In order
to su ort ngl e-click"” interaction with a tagged
1.2:dgi oﬁ ¥sica Jage'%glf‘ﬁb"e devi ce, the sensing device nust
be abTle physsderemesehsa@t obtie tegtshpen timdiidure bt mcliide| fiked ftarget
str\ﬁ%u?re E) '§O 9(? ang le tarta?etaats elE! ”W]q Ril xedl Qrggths mctul.% Mo’ sensing
a rlen on the 'sensing AEV CEEs 05|f|one8
defibe suchqas Itheedetpagb paetedetaf thichiog fande irderafs three&dnmaﬁmbm orlentatlon
n evi c herefore. a fu .on t he,. s
Bl SPHha e gk SRR ot ER PGP wh ReRaEE oA Sr e
entdded mgdhtaum di amet er of the sensor field of viewis
obt ai ned when the tags are tiled on a equilatera
t ri angeheievg profer @ rephaMEtionNthEitgplik @erered ala Aesdiagonl FTEFEx256
rocessi.ng, and codi ng .The tag i nage processing and
Oﬁe i H‘ldj“t%df atl6pg Otéf’erflflﬂh‘ihlé W]‘%é‘r Py PR db‘}}“eéeré’g “ﬁ& mm. At
thidl @36bRBorBHE Pagds désiBed R RAUBRRABA bPa Sli\ﬂ%daﬂ oFta@iE @6 dots. Since
VWi le a captured I nmage is belng acquj red
the guiet area is also contributed by adjacent tags, if only adds 16 dots to the effective diameter

of the tag.

The tag includes six target structures. A detection ring 15 allows the sensing device
to initially detect the tag. The ring is casy to detect because it is rotationally invariant and
because a simple corréction of its aspect ratio removes most of the effects of perspective
distortion. An orientation axis 16 allows the sensing device to determine the approximate
planar orientation of the tag due to the yaw of the sensor. The orientation axis is skewed to

yield a unique orientation. Four perspective targets 17 allow the sensing device to infer an
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fromthe i mage sensor, the dynam c range of the image

is determned (at 20). The center of the range is

then chosen as the binary threshold for the inmage 21.

The image is then thresholded and segnented into

connected pixel regions (i.e. shapes 23) (at 22).

Shapes which are too snall to represent tag target

structures are discarded. T{e size and centroid of

each shape is also conputed. Binary shape nonents 25
ac@dte '{QQ AN egg(gﬁﬁ‘i %@r %&‘ﬁvg%)ansff% & ?jgaa% heﬁ&d a& gg{fﬁ?ate three-

provi de t asi's tor subsequen y cating tar

dlrsttnsmztl preten a8d ntierddtios lofihe tagoetatiedo e eenlsyr. t hei r nat ure

i nvariant of position, and can be easily made

i nvarAlrrgeostinsalsare redpdatly dagd to iraprdve theit atnnumity tolivgse.

ring target structure 15 is the first to be | ocated

(at 2B ovératlitmgstapes ist direulad Vhistsagrerts, cn‘mObgit thex ghings \r@ltlknal tag

ved when egtive dlstorted roceeds
pacggngaon %Icl: ¢ _e%lgl?%é n% ular 6r1 i€ LHl‘en de ﬁrlé Ialg itr agé aep- -planar

Suﬁimap"ﬁl’lestamnﬂmwe\@‘]dﬁ alnhﬁgeﬂ eac ﬂﬁdl-p@feﬁi ef anyoptyros ha\af@n apexes,
normal i z t ri.ng i s.easy.to recogniz ven if the
L RBEE T A PEPTY OR SGREY I QAP PR iy el g o ring
15pthisghakad a aisqee Tarrﬂfgdmérﬂtoﬁﬁﬁt@ lBltS?\thﬁ]ﬁgl&tth@ﬁptMaﬂlVAsﬂﬂoﬁn in Figure

usef ul .appraxi mati on of. t he ectjve transform
st B0 BE S Foe R eepieseil P ael bede 308 n B Frmeef an
arda douZfY by Vab eitiid1 Jingy OI0ea dﬁdlmy inidd Rk 5 1aganti meraammg ofter arc 516.
nonent s

ormal i ions to each shap
Faglppedeeiid ﬁ?asr ﬁm*‘?“z"?‘ﬁgdllt’ﬁ’él"“nﬂz§lﬂ°fs| *ﬁdﬁ%ﬁiﬁé ﬁf‘% is qepighed;sp ghat its
ba@ﬁ{ﬁ@ Ne-iffedl @fc IRt Seadtl Qud1 96 B hmSHrh BEneANbS Tha kA8 héight of
sily recognized. Note that one third _order nonment

tbe; &eﬁlgéqakor SdapaYIPRahts disatéimHa diensings Sie @-bit data symbol is
rep%sblﬁsu R dnQRiy 9 422 %ag%s 5116 RBAREwh & gt peratel y

skewed to one side to make this possible. Note al so

that tife 15S4-88lida @9.%&51@ Io?eefcﬁ of %east& e&re@felrdgqlel ABcdtleto the four

axis target after’it has had the ring's
copfeptria (symbal irvas 18miel 18ddshosinria @gunfeS plerlatpéwcd/@shmn as shown in

Fi%ke%ta@%i Qn sgﬂﬁ‘olb o Birst 8 st &d&»@&gseﬁzossz%xdré allok %d AL Sately in

PS096- SG 1 target's original rotation provides a
cirgdarfpedgrespipr oxindehé o of the tag's rotation due to pen
yaw 29. The four perspective target structures 17 are
the |Thstintedeainglindaizee ©anadole teoueragegniigtisgycobetween any

twd Q%Eol (3§ e' R g{g%v&gn%ltﬁeﬁgn?l?gﬁglgm? e ttﬁeebcgde?ar 36 tr their data

spati a ationships tot and axi's
%ﬂﬂﬁﬁnmthﬁmawd rotation of the ring, and the rotation

of the axis. Matching proceeds by applying the ring's

nornéﬂhzmwﬁgmﬁnbmuédhhnghapﬁbghmwmﬁntﬁananxmmﬁmédmasymbMS

Wlfﬁglr gdnlg(t:a oaq'edg{rar 1 a[s?ttg'a };h%rvgoargmg £8 {hIF élgvgentgolﬁe Itcls {n%%lly llg]eecessary that
each tag encode sufficient mformation for the 1ntended use. The use of redundancy in the tag is
preferred but, at its basic level, not truly essential to the working of the invention. As such
other tag arrangements may be utilized. Examples of other tag structures are described in US
Patents 5,625,412, 5,661,506, 5,477,012 and 5,852,434, and PCT application

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

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
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target closest to each estimated position is taken as
a match. The original centroids of the four
perspective targets are then taken to be the
perspective-distorted coners 31 of a square of known
size in tag space, and an eight-degree-of-freedom
perspective transform33 is inferred (at 32) based on
solving the wel|-understoodjgquations relating the
four tag-space and i mage- space point pairs (see

T RN TN T
didoakdr fodrind Aeldtof Bemkef @y senbinghleiicalis Reqfard a NonctibiCBf (B8DRize and

89/5} , .June 1989, the contents of which are herein
SPHES! gﬁﬁ%¥ed by cross-reference). The inferred

tag-space.to | e- space perspective tr formis, used .

Lo prSFRBIR GAmEE7E s, de B am et B Fprg el Pt view i
obtad@d Sache tadd fre tiAGR a SPALRraMIRLgulAr}eid) £ dhowndih Eedre 6.

position is used to bilinearly interpolate (at 36)

the four relevant adjacent pixels in the input imge.
1.Z4he Tagewayedrpcessipgtaad Deveding hr eshol d 21 is used to

thre ] i i .

005 by ot B {00 AL b s
deyipg :glchvas}/t,he oefpdge pen isskovy) in Fgorey]. iWhiRaadptexst dmagq is being acquired

YRS, 00 i T O AR 0000 ikt
range dethor chosgmische biaarg thyeshplddidr th ine@hotle orgde s, thaghresholded

co. imlicitl : .
ol W IRl el ARLhTLL ohockErd M3 SREREWA A sma
to repgessiit rtes targee storctuegscaoe disgprded s Tearsies amlotentesid ©fi eachl shag is also
COthﬁednvention and ot her physical arrangenents of each

ng ey be used. It will be understood that the

process.for recoqniZzi and decodi tag . et

et B0V i GRpae f riitn SSRGS B oAF R TR 4 e
prafideudt busis Hf stthepeatly boding hegs sst@mes Sedirflehape moments are by

Pt SRSl 52 IS b AR i o an
rothdnat i onship to the 1inmage guarantees that the ring,
if found, is part of a conplete tag. If a conplete tag
I S nOThefring ndget amctse TR siaf fithtlty belbeaeb@: 2d) veringhas pieradvantage
osition is, recorded for the cyrren rane. Gve
of R0k b b, e rrbR iR b Rl sy gopect
nofi@iliziN AhdBdtatfoh- @bhalikiny kW shihd’s mdmeatst Ohttaitd séCondiof @t @@yhents
i nvol ves seeki.n another.tag LE t he cunr%gt I.ma e..Thﬁ
areRized) the JPedtasy 1harasaize §VHbr AETReCYF BitotiRR VabgEtiticant.
The Gihpal SHegl bkiRctl 80 BRdod DR togR@RH biovide Qf udehi® ap@RExiMbhlidil HF the
the region. An accurate position 35 of the pen nib in
PERSHRSUYSRATSR™as  wel | as the overal | orientation 35 of

the pen, is then inferred (at 34) fromthe perspective
The axis target structure 16 is the next to bé located (at 28). Matching proceeds by

applying the ring’s normalizations to each shape’s moments, and rotation-normalizing the
resulting moments. Once its second-order moments are normalized the axis target is easily
recognized. Note that one third order moment is required to disambiguate the two possible
orientations of the axis. The shape is deliberately skewed to one side to make this possible.
Note also that it is only possible to rotation-normalize the axis target after it has had the ring’s

normalizations applied, since the perspective distortion can hide the axis target’s axis. The axis
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transform 33 observed on the tag and the known spatia

relati onship between the pen's physical axis and the

pen's optical axis. 1.2.5 Alternative Tag Structures

The tag structure just described is designed to allow

both regular tilings of planar surfaces and irregular

tilings of non-planar surfaces. Regular tilings are

not, in general, possible pgp non-planar surfaces. In

the nore usual case of planar surfaces where regul ar

L) . r

targéﬁt esec{}%}:hg% I%E)ag%g?x%vﬁésea Es%ﬁff Edrgxur:%f}ogl e It]é$ (ftatféH%ue 1% pen yaw
29structures can be used which exploit the regular

nature of the tiling. An alternative tag structure

nor e Ehe foed perepedtivedgngbtastruttutes 1@ aresths Haso b ldéhtgau 2 367.Good
estméa}%%s oée}lclie?r\r})%%%]br\{sear% a 4’fe|d I%?S%Ig &en%ﬁown sapatlal al e eﬂrg)Fshi%‘; t? Bhe ring
anﬂ agis targﬁs ahe h@dct tayid Betavivat éf tb¢ riag, .and mheUStaBaﬁ efithe axis. Matching

proce%%?;r' apﬂl;glgfﬂ%)eaxg%r etgc{r%?lezg onﬁjl % s ape-'sh'goRx{?eglgs 8nce tqnlr second-
ordbee mfogﬁ:ﬁiﬁtﬁﬁe 18%@5]112@&1 ﬁle]EHlIbl#alSp@Spdﬂtve %getﬁﬂd g@@Cth r&Rpifize, and the
it t he absence of .the corre [ qQt
gl by e TP S0 1 PR FBC SRar g g fou
peRpdoliCe kgt 096 theﬂ&al&hQWbeltHe Frepdtias-dorR doders I GW fuare of
6b shows a squar i) ég tags and the
knap Figs PoAs PRige: ﬁP‘EF‘ ‘ﬁ*‘tfqg e e“\‘i‘P’@W%Q@“"W‘i“EW“ﬁ&% is inferred

(atSR23 BaskdN 6n 6b13GL Bl vellQindérdBod &q8Fons FISHAE hDGUSBENc@and image-
square tiling of nine tag@r,l containing all one bits

SPHEPOIY PREY (e Hegberpy B Jedamentalsi ¢ gl extupe Klappiyg and Image Warping,

MASREATHR6k,avN o¢ PHEs, .12 Riifomidt HefQ1ed 2t @B Report No. UCB/CSD
redundantly encoded to produce 240 encoded bits. The

89£5h e w&ﬁo@é%hf‘d@m&ﬁfé of whigh g fotetr ingesrorad by cugss-Fafgiencrk

tag maxi m ze resilience to burst errors. Assuni ng
a 16- H}et infegrgd fapspace e fBee;sPacR ipsTsecHiysganstora g Bied| tppragget (at
36} 8ach Rndién Bitd Sit ]t:oc;gnf‘on G a5 %’a%@ Eddt&) an%%p%cé&hé}@ tﬁqualtvglgecﬁﬁcﬁltlon

desi gned to not overlap their neighbors, so

is yed tppylingprly @@%p%%%%)ﬁh%@wrcrelewr ariacamtepixelgtin &ﬁ mput image. The
rervﬁﬁgwa!nﬁ k& 1%E§thre-£m1§2ﬁkssi.@ec§t@\f shbfdghe r-gg]ﬁt to ﬁrod?cetthee final bit

ﬁerspectlve targets therefore a etectio
vawad’?. so further targets are not required. Tag image

processin roceeds as described in section 1.2.4 _
abov eFnogialliy 60 ratachitselit hagn bednagbtainadpis this waxPSoBEf 86 s2q 60-bit

t [ :
eGP AL Lo Y HEa) A0S 9Ly s i
in fogali Nqteobafi the eddowdrd nymbvdlomes saofpladhie chag'ond@lr@t isv ghat epdewerds are

imy ?oli]tﬁ/oc[elinée;leaivg‘ &er% t}B%??x%ilm %rgcg senbed orientation data
ARy %nré ¥

he four codewords can
be ar/&s%ﬂ&%gnesd bE)\I%a{he %%9510511 tag structure or encoding system is not essential to

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

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

and successfully decoded, then no pen position is recorded for the current frame. Given
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tag orientation contains one codeword placed 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 ng then consists of decoding one codeword at

each orientation. Each codeword can either contain a

single bit indicating whethgy it is the first

codeword, or two bits indicating which codeword it is.
ad%cﬂgte 82):0%5%{1:%??‘8%%%& egﬁil Jol;ﬁmg% gg&v\g ggwe 5‘5t an al’ternqa?’)ée strategy
nnmh@nxahngmsﬂwtm@umbdemandsmgmeed to be decoded to

obtain the desired data. This may be the case if the

r egi ofheldbtaired magtdataeinqti@aetsethle tdentthahihe rag]idnfdontamr@tth@ieg and the
pofinoin, PSRt SRR RhaXhplitRieR s of bR ton e ggon. o
wellDsi the blel dﬁenltatleﬁi 35 Eiﬂrtlieh peniy then $iferesd (ah M)r@drﬁtheo]ﬁbrspectlve

w3 SPET D T, oBa e Byt Al ey Pt gon's

phhﬁmﬁﬁ@ﬁ@ﬁdﬁﬁﬁﬁ%ﬁ$ﬁ&ﬁhﬂdt is possible to dlspense with
perspective targets altogether and instead rely on the
data representation being self-registering. In this

1.Z28se Alterhative TagpBtractuees nul ti-bit value) is typically

repr efRNLE drl¥ird . Elsted%gérlbgﬂ §s &lsi%ﬂgl to all@w GATS) r@é&larvtﬂlngg of Blanar

represented by bsence of "a gl yph ensu
suifasas anchdrregalan tifipgsdof gonnelpar sopasest Bﬁ&ulaam@lmﬁhw it,| igwgeneral,

pogsh)?e Al H:la%a rh &k, 'Iﬁlla'le ré gsﬁlglt ggé (ﬂgjlaﬁgrdsul'fac%s h’vhfre regular tilings

perspective distortion detecte subsequent
of ¢ags raec pesdiblgu - ¢ rigriakes guchsesngieétn @f paer ahd diw likeg more efficient tag

str?c%&d%[x b€ Ssch QnRf Qﬁ&?%g ?%ula?ﬁame b gﬁ“ A must cont ain

pattern, ese nust undant |y

enco dz%galle&aﬁu 2 stFu%{’uk'qu&rg sﬂ%ﬁ &§ !l f ﬁ]lar tl-{ H@ 1sos\ﬁ8ﬁrn ﬁﬁﬂg@g 6a, The

such terns Is simla
alterppive ¢agr4 E@ﬂ'&pﬂﬂﬂlme fmxapga:testlve@u'gets Ut schehe 1lusgmsture to tags
s.relative .to i
degf) {)%d 18' en{)égp é? gld }ngtééelﬁ{téng g?%lg‘?ée %e talg r%:ﬁesents %}Xtﬁe a C e eed-Solomon
SyIdIDCﬂSf &, dorta toual bfl 24B ibits. Vﬁlle mweﬁrsaets/émm ane bitaka @bty and each zero

bltl'-gesf}?era! rgélééa X tgeA?cgr}'egpor 916 d ?%ﬁ?gegsp%igéféﬁﬁgggﬁg/%gmgleg %)odbe s%ared
bmm@grmﬁmﬂMHmﬁ,pﬁmQWnanB@mﬁmﬁba&b&wF@m&hﬁshagshEmﬁndﬁmbaflé

el ati ve ,pen .| ocat tra slated into an
tag SR PSR SR o DD TS, ShER Il S tiEedhs of tvo
tagh.OFigiie 003 Mbwi Aesqidg tiihg F Minkhegs egitslRingasitond ebids FoMMustration

This is given by a tag map, a function which maps
PURETH tag 1D in a tagged region to a corresponding

Iocat on. he cl ass ra shown Fi gur
(1 n%>%€%%§a§m%ﬁ’ée plﬁ? el leg dugare r@ﬂgmﬁat Hooded o
prdau@gzmﬂc&detdagts MERe FRb lcBddnrdshee SBRARedUSREhIEOwiiih e tag to
the surface region with tags, and this can
maximize resilience to burst errors. Assummg a 16-bit tag ID as before, this allows a region ID

of up to 92 bits,

The data-bearing dots 48 of the tag are designed to not overlap their neighbors, so
that groups of tags cannot produce structures which resemble targets. This also saves ink. The
perspective targets therefore allow detection of the tag, so further targets are not required. Tag

image processing proceeds as described in section 1.2.4 above, with the exception that steps 26
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vary according to surface type. Wien nultiple tagged
regi ons share the sane tiling schene and 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 a region |D a tag ID and
a pen transform the tag nmap can be retrieved, the tag
ED can be translated into an absolute tag |ocation
within the region, and the tag-relative pen |ocation
and 3808 ﬂ%ged to the tag location to yield an absolute
pen Fécation within the region. 1.2.7 Tagglng Schenes

Two d di s, a8 it erest.,
noth SPRY L LAR Rt BT S RN R B o b ot e
fournpctshbb g@oktion. of Tihe g eeﬂz&tveetd th@demq, sic heatw HMIG to embed

di di
orle?t?t1 atda alg éhegt 8§ IPjglg?]xam %Etshggour 5B e&rgi/ds ! Sﬁ a&{afl%e sAnhat each

tag a@atau#n d:cmtaéﬂsloﬁél eadadmclaﬂacacg attthtg oﬁemitﬁ:hm shovirBig Higdre 6d where

iC ) n transl at ed th assoc
cat oo 8 RIS e OF Bt Hewof ) S0 B pRERa sl i Sombol
withirt h)lerboﬁeh?&)rd e@-ICI)n},[]‘agTMomﬂiﬂ theh b@fistsvef de@é‘cﬁﬁg @ﬂs @)ﬁe\ird’}ﬂ? at each
this. ta ocM|o

orfilie, GO HEd (53R SIS FRORAn g %&F it Spe e et

codléivok§ @l tWObieheTh@EA¥inB SvhidA& oliad 1164 ToE 1ditBreapPRACH B M Aiantage
to.a user interface _elenent in the page description

that dfs s Heetrtagantent peonegreotPdeRpse inrrayirgds themat meg {two codewords

neédotel REG1ed b PRIt thd bSRbd ditflentid hhede HAWhseif k&%élbﬁ’ﬂ) is not
relative to the user interface elenent is identi

expegted e shingshaithia @iskake agds thHeprly éﬁf@dfdr gtiheaigri oy giggke-tWithin 2

strbiR@nBARE BRwed Bfa AR AhUbE TP %nhéﬁa:fegire'd Nl Emofd BRcdthe fotation
particul ar user interface el enent.

of éltﬁ weting denicasangss tsiny e opd arodistahlyt \a@hm D sheke lpnly preceodgword

ﬂl&ﬁphée‘dg%soe%e&basa driphReface element in the page
descri ption aSSOC|ated with the region. Al the tags

int rl?ls%@s@blé’fto (ﬁlttﬁ:néésﬁi'fh pérﬁ)te@cfvtz %Eet@élﬁ)@&%r ah&i ﬁﬂ{ehé yely on the

the user interface el enent, maki ng t hem al dent i cdl
datg fepressaipiddrobeing selregisteringy i Huhrase eathj kit valimn@rr caulti-hig value) is

tyﬂ[é%g@ ré?)?esglﬁéd I# Qpéxﬁfl(gfr%y It lr'Q AR dit \talm% i§ @Fegén?edqy tﬁ@ absence of a

absol ut e however,
gl}@hp".fh;ﬁ SYES @atrtéq: datd grad pmllp@plﬂate@@nd thmg a]agvstﬂlrmﬂ to be reliably

1deﬁﬁﬁédt hﬁhnlts ?@ﬂgéclt ?ﬁg dfs{o%ﬁeﬁ&g te%xgrﬁfe g.fbs %Iﬁﬁt éoPrr%%tﬁ%l (_c)iHremg data

encount ere requency,
sargplimg| Bualpeniagp btmntlarwn tat e detﬁeted,emh Mg ti&ta must centaio kenatln pattern,

an(is) ?ﬁ%{ﬁl@' ]%UI%? antgfet erandntgdallox\a/fv rtep ab?e iier%ectlortl aﬁ%i Mrhead of such

on i'nh coopera
mad@s paicat MImﬂ&rm@the oeérhﬁlé of expbioit pdnspem’tazb [eagpes. B8e sk Echeme uses
|ve elenent in.t eract with
oo BTIREN p Wi ErBRE et Rl e Rt e
diffeeans mnbi-tdiexslhee(scnAostd €echhalb gyt B cidiaion, Am)tcbﬁprlfleaﬁb)by t he
sensi ng device

1.2.6 Tag Map

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

net page system 1.3 DOCUMENT AND PAGE DESCRI PTI ONS A

preferred enbodi nent of a docunment and page

description class diagramis shown in Figures 25 and

26. In the netpage systema docunent is described at

three levels. At the nost abstract |evel the docunent

836 has a hierarchical strugture whose term na

el ements 839 are associated wth content objects 840
d.s%%p as text objects, text style objects, inmage

jects, etc. Once the docunent is printed on a

S S S R g L M R

va@acmmhmg tol sarfpa gypeavaeh mﬂdpletdgged/mgmsfshirﬁmtetsaﬂe tiling scheme and
tted, term.nal eleneg? I n some cases be

theaf@‘é‘% gé?‘@Bengf?Peg‘Sh‘P%’nﬁﬂ“S “ Wl’iﬂg&l’aé’ di f f er ent

from ose soci at ed ththlr cor
ter m MR cerpane b e e R DG TP given a regon
ID,ngIJaQED Sndad (en Sadferm ﬂxleaeltgaﬁiap cEileﬂregl’elvéﬁ, ad t&g’lﬁoa}i] 6etrafslagd into
ocunent an s al so descri separately, t
an 'PSIOEW 4 l?ﬁi‘“oééﬁ?’mtbﬁreﬁ’r%&ﬁ‘a I’ihea‘a%?fatt‘i"%ﬁ“g?"aﬁ%‘b@/’ be added to the
tag |0atiaN &8/ idBah dbeole peekedtde dithmerakgbel y from i nput
captured through other instances of the sanme page
description. The presence of the npbst abstract
1.2ipCcurkBigisteSehdmés on on t he page server allows a user

tor eﬂb@ﬁktlﬁct %Qﬂyceq;odig%qg&m%e s Fnﬂ:%ﬁ% 1}6 QQWLQB %?_ﬂ the tag

to accepp t sogr ce_ cunent's Specl OI‘ mat
struptre deayibpe epbiguas thingection.ople prefasd rmémgrachetl@r useh t Hocation-

mcﬁi(!atlg ’rtg ta&;}?aqtgﬁdgsa#lgcgs','sed fjgir al Hpé odin Qﬂgﬁesl?slezy “obiérglgitnﬁié:ating”

pres or mat't ed docunent descri ption

tagpage server al l ows the page server to efficiently
interpret user actions on a particular printed page. A
f or med tedticoiodinaing t@3bneon i tag D ohich, wldn tofslhted thatugbdhe tag

mag P%?m?it%& & th @ge 128b2d ?e’glo% ejlglfbldso e]: %mlqlg:g%ghloéa(?l%ﬁ w?tiu% tﬁ)ei lieglag elthe tag-

rela:lve rhmatlorhczfsth@pensp added ko mmttmwbcmon Zcoyleld 33 loafatlbin ef tha gezu within
fi.n e ar a of
e a0 by PefrdeFuBRER O PR V0 s

elemrentr @asthepdg dacdption ranmtibed vdmcmaeegmrsazht oth sams usk Snterface
.anc
et el Gertined Y s BRRRETRN P " RE olerml® P p dgpnitied
Lodamemrmlﬁﬁatmg‘fagﬁhaagﬁe trﬁ&llg REPoA3R: cpries dilmSabsolsit Pe ath in the
unigu Erlnte net pa and records the page ID 50
zongrol & partipulpryigerdnte acﬁﬁg@eﬁ“nst ance is not part of a

docunent..instance if it ntsa

requ ehieqt PR St gopaiy W%%@&f?ygtys*ﬁ%f"@f 3 U Tgertace
elefiRht iRfihelRENHRGIptidh @¥BHAted REE aﬁ&@éﬁoﬁs 33l thPAgLin 8RB he of the user
intx!:}!fpa%g ggl_ngg iczleitify the user interface element, making them all identical and therefore
indistinguishable. Object-indicating tags do not, therefore, support the capture of an absolute
pen path. They do, however, support the capture of a relative pen path. So long as the position
sampling frequency exceeds twice the encountered tag frequency, the displacement from one

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

With either tagging scheme, the tags function in cooperation with associated visual
elements on the netpage as user interactive elements in that a user can interact with the printed
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instance only exists if it records instance-specific

i nformati on. Thus, a hyperlink instance exists for a
hyperli nk 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 the page instance. An

el enent instance does not ey st, however, for static
el ements such as textflows. A term nal el enent can be

pa%I %%{1%%1'{1 %g}}eflg&%?engaensg%%evme i g"ger fjo r}tﬁ%gﬁg {Teb reasdﬂb élzﬁssensn%g &jewce
and foo win ap propiia g wgsporidd to b gsﬁeaztted:meﬂleemmage sy&éﬁi. can be a
style element 847 with an associ ated styl e object 854,

a textflow element 848 wth an associ ated styl ed text
1.9bj edPOBBIENTANDIPREGOESCRIPEIONS849 Wi t h an associ at ed

| mages pRkSE Bhb&ffent 3 HIRRRLS RH AR ragscﬁét%nvmatsbd@g}am is shown
aSSOC|ated graphi c object 857, a video clip el enent

in Bigyre 2 #1d2A- associ ated video clip object 858, an audio
clip elenent 852 with an associated audio clip object
859, lprhenetpage pistesy fesHmeg S8 defrrited #h thaesdleetsa tie hegrgst gstract

lev@pth@ %cuﬁx@lg 83 @ﬁassahﬁé’l\@cl'n@al stll;écﬂhlé %hgs% 'terﬁmgpfg&nénﬁsii% 9 BfeGssociated

may have a background field which I's used t
w1ﬂ15c@me@t cbrRptsi4 isuell as tex l@bjéqpttwéwlmbmﬁempﬁag ebmm, @te. Once the

Aol A9in PO Y ol ety BALRE S IRUIze BhFRER g o fuar user's

e 1 nventi a tag map
scas ool preferng, thh deawivnpageinaladsndplberwiss feritlated. Fergsitaiferminal

t
o B389, A AR 0 OB A5, S0y B0 o
thqsetapvagaeth etithchdir corspatimg dérmanadl Bbmﬂmtbmaaububely whfere the content
ob_]f%ts %"f‘ iep agt?cbsbeacl\ll\e})rrﬁlte% OESI&%E %?%edorcglgélﬁt iplagenls 3oV ®sribed

net
se}&e!tﬁlﬁ rts aZIJBw mmtt papterep uiroughat |pamcsletr yaze Sinstahce 8@ to be recorded

separatt{? gr}l g{plup Pﬁig %’ed%gro 910 nl?e? Ig:nts a&ces 8? télg g,ar}neezﬁ%%e (!l(eé(frgy%an
r egl S.#, ration s
t

ol at 15 RLHFRE E%ﬁwé%ab%as%?%@ms%tn§?°“B g B8 SEver allows o
usdfip réquest ia@opy afnal dpusbientCaitioanssingfuteetl he eyt thtlsdvatel desnent’s

v | us t wor k ctlv i es hent ] cat es ers .
sosy @ttag 1B U5 Sy B eostnszycon it P St RatiBRbrmegsize
foﬂléi@ﬁl{ilel n:omapspiyj ﬂﬂtprékﬁndefc&'ﬁﬁﬁﬁﬂr@ﬁéﬂ. ddchma{tsdasq@ﬂpﬁw de she page

handwr recoq ion services if_desir
SeIyE S, P‘T"‘b 81’ SR CiHSR ph At LY &se BFH{pay OIEL%)P%‘?“F?F grinjed page.

i,nf ormat j.on about_ pa desc ptlons and

page & HEPARAe AL e PG A U R R T Aoayions 5 ach of

whithndoasist® bf BagoSRINMARS term@AC Blchamel I35 N OEaah Sotheedd @ément has a
e instances. Since a page_server al so mal nt ai ns

SoRHERG L €006 o B Page Bt ACH5RTe AHEaeor TBIF Elemgnts such as

hygodGks 8% @it p@@e printers send netpage input directly
to the S096- SG

A document instance 831 corresponds to a formatted document 834. It consists of a
set of page instances 830, each of which corresponds to a page description 5 of the formatted
document. 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
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25 . appropriate page server. The page server

interprets any such input relative to the description

of the correspondi ng page. A netpage ID server 12

al | ocates docunent |IDs 51 on demand, and provides

| oad- bal ancing of page servers via its ID allocation

schene. A Detpage printer uses the Internet

Di stributed Name System (DNgj), or simlar, to resolve

a netpage page fD 50 into the network address of the
indUbORAG BARCrSPIotelss NARALL B8N furofiBlib® SHRAC A% instance

I nst ance. net page applicdtion server 13 1's a“server
existsi faha hygstigkicltrentlsause itmedopdsgetransgepbn HatH ehih iAspecific to the
rBRRS B D e S5 Bl e B BRI e
thppagatisstaice. Phegleraene idetcy ddeedot exideticaieler] for Sadt elmerts such as
teh@gpage servers can be hosted on a variety of network

X&Per platforms from manufacturers such as | BM

Hewl et t - Packard, .and Sun. Multi net page server an
ram RGP Sy A o8 Soia 1Bk Y REPdY; fgpen B4 X peld
eleRRNVEIS € alpahesetiies témbatidetbnvesd6aad WhoWe in Bigub Q31 & static element

one, or all of t fupctionaljity prqvid by net page
s43ar, by & SOl ot 357 pi ab aophed Fuctishirs ey=tibotaet 548
withyart ﬁb@od(ljdaacsﬁfrl\éf Fexﬁ!ﬁbﬁeét"ﬁS{Jﬂﬂﬁmaﬁe leleglent $BMNwid &ﬁa&@ciated image
provided directly in a netpage .appl|iance such as a
elﬁﬁ@t"pi?gea Fephig gement ﬁ50an@b%qu§f°éiaferaP£w eeh$ 7 .Grvidsg chp element
851 QEfl anNBEodRIE. video e 1ip HBjNESFRAGHE IR NFERenlél? SRELRRAAR associated

printer. 601 is an appliance which is registered with )
audip glip, phigrh §& 81/ scaint CleRent Br3 Witlsanaspqsintd et ohisHt860.cyg shown in
Figedmnd and via subscription. Each printer has a unique

printer 1D 62, and is connected to the netpage network

Via as BelowdidhcSMENhAS a bARglollEAdER33 whillERhled 1Y teRor@ any digital
_ broadband connection. Apart from.identity and security
inksapiured g therpagiombiglbiiegs petappls ot specifinBpielgsisge print er

need not contain any persistent storage. As far as a

user pdhecerpiered fum of theainyrationy adag map ﬁgl iscagppigted pith each page
insHREPBABSW L6 1hQ Ba%f% B¢ Rakiag ko RELRASorSRaRZeANd Ti e

with the help of the distributed netpage page servers

10, independently of particul ar netpage printers. The
1.4et pags: NETPREE NEFRERK VES subscri bed net page docunents

fromjnet e bl.ication servers 14. Each.

o ot BUTEd e sRREE | SRR Sy dit
pagCiennats t0exbtpagedegisteation odiyect 5 netpaghlipegpudral & detpage application

a . Becau f personalization, page.. .|layouts are
sl G S el E< R pion BB thed Pt PRy (Bl R agnetwork
19adich ap dietitedst astshownid Bgipsk.ri ber's printer via the
appropriate page server. Text and inmage objects, on

t he Ortkatketpagngis@dtn tsyérCAl dsW server which records relationships between

U hes

users, pens, printers, applications and publications, and thereby authorizes various network
activities. It authenticates users and acts as a signing proxy on behalf of authenticated users in
application transactions. It also provides handwriting recognition services 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 netpage input directly to the
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NPS096- SG 26 shared with other subscribers, and so
are nmulticast to all subscribers' printers and the
appropri ate page servers. The netpage publication
server optimzes the segnentation of docunent content
into pointeasts and nulticasts. After receiving the
poi ntcast of a docunent's page |ayouts, the printer
knows which nulticasts, if gny, to listen to. Once the
printer has received the conpl ete page | ayouts and

[ . .
B8 gk s R SRR BTSN P BILE o o
thqmonn‘.tpsndimgip@ﬂd even pages simultaneously on both sides
of the sheet. It contains duplexed print engine
cont rdnbtpass EDGs@rvanﬁZ plidcates @cgmn&tsIDsltﬁil lon ziemend, Mg prioeifies’load-
se. The printing process

ri.nt heads 350
baﬁmm r}Ft%a‘ge W Vlad nggﬁlg?wp Ca%%es rasterization of

page desgk! Ip?m infer us 3o tl?en]%teme %r:bupedaﬁ'ﬁeggm@ S§>t°r sm?i?ar to

|nages pr 0Cessor
resolve ambtpmrpmgesﬂjafﬂjafaih@&?@orkﬁtadmumﬂ Itmgletpﬂgegﬂgakdﬂ&lr hanBligg the

rint engine controllers consist of custom
CO%?E@%@E%?@ Wﬂ?@ﬁ expand, dither and print page |nages
in rqﬁ time nchroni zed with the ggfratloq:o
pri nthe 28y r?b? Oy PHY e frgi hés B Wt s}"’F%E)th’F?&‘b‘feeBetpage
applREtiona VA aétpdge philRicatidndetvieg 148 iR applieatbtskar WwidcHpublithes netpage

tags using | R tive h Ith ugh this
dopinfopdiheh gimds ef bie fFeBb s kBt On ' Lo

Alth h such pages have nore limted functionaljt

 han NSRAEE V&S 81 i hasieq G carioty ol nelyoik sy platidms from
maalfaases ash BEHBEQ GfewlA-PRk4ra| alﬂe:tlmagmmie m&@ggepgemrsscan run

net es on ets er re s a e ne a
COIWFEW rg hit)e ?)ﬁ?%‘rta“gﬁts&%'%o-‘re@e% Ef’élc‘?e ‘P ?“2@6 T 4 cBEt & 09%0“5

SofbehalRst tBd RhafnALty PRORIES bPfietiRlka sdrids and HPaRicRRd HE ﬁl'hctlonallty
| east one surface type, and supports at

upports at ,
rovised 0 i T g IHBS BRIRENBET <AB ASh &R QEO] Brsply ot netpage

apRiRace StH {saGRtphydRintel NE a ESBHUIRRvoB&hktiv bF b SRSA LG, t he
tag tiling scheme actually used to print a document

becones associated with that docunent so that the
1.5locuneiENSPh8gPrRE@ER DE correctly interpreted. Fi gure 2

h t t I i flect
o7 aergREL AR o LOhSen O g BALATELFIh BELL R e
an¢ @gnts mn‘mageodocmaem:e pn |detnamginartdhea rsebspzzi@iemnﬁmmmter Aas a unique

pri ter %e 1?%8nne&?cp ¥0 @le tnteH)e enr?e Eev a n&g%% iuch as the IHtemet

§scr i ged i greate At t on
idenkf wn ebhowediaod Eangenties. | | to 16.

Apart from identity and security settings in non-volatile memory, the netpage printer
need not contain any persistent storage. As far as a user is concerned, “the network is the
computer”. Netpages function interactively across space and time with the help of the

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 fext 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
NPS098-SG



NPS096- SG 27 1.5.1 MenjetTM Print heads The net page

system can operate using printers nade with a w de

range of digital printing technol ogies, including

thermal inkjet, piezoelectric inkjet, |aser

el ectrophot ograpbic, and others. However, for w de

consuner acceptance, it is desirable that a netpage

printer have the follow ngpgharacteristics:

phot ographic quality color printing high quallty t ext
shifed %i{hln gthlgll glh)sgrﬁalef‘sa gh(!l 55 Yar ln%%c%t' ttp)t Sl 31§b §nbe S prm*ers d the

CcOSt cost ? ration f £
appmpmﬁém@eshwgh pr|nt|ng speed S|nultaneous double

sided printing conpact formfactor |ow power

cons u"r“rl;tﬁ netpagdNoublicatios nérbgr optaivey the sdghigntatican df dxdvenent content into
rtéagtts | n:? én“gt%"&gf& Cf?i?%ng%?vu?ﬁ, }hﬁ ?Jé)}ntgcr;lg\f%ha gﬁcglrg%gtt’ se ;rJellg%tlayou’[s the
]mmhﬁkmﬁﬁeﬂnSMnMﬁmmﬁhém@rBSBBﬁKﬁpplicant has invented a

new print technology, referred to as Menjefrm

t echnOh@gle pideertas feaeival the domyjleto Pagedeyvnnrdind blje@s that define the

t echnol.o t hat incor ates pagew dth print heads
dF%ﬁW?EﬁFg%mﬁgﬁ'ﬁmpﬁ?é&H%PEE?FonechanlcaI syst ens

ure hows a single print
o1 oot SR G RStkipaih PR e At heates SHRA by g b sides of
thewahdepr]]t NdoRtaink rtmpremr pi@SenkGB 0QRtrPlldrN 760 Gind PriatRAgies3Wizing
to forma 1600 pagew dt h duplex printer. This
Mggpight é'imtg‘?aﬁﬂ?-qtoiﬂ%%lﬁé’!’?’oiﬁl nts cyan, nmgenta, yell ow,
black and infrared inks as well as paper conditioner
and i Hie PIINENE DrcesTRONSIFs (of i 1g decabRlsst StagRs: ragterization of page

deSPiplions] At ﬁ){nsgelaoanm prinfihs 01* P iRYee3 2THY GO iShaPd gl%cessor (RIP)

Arrays of these printing elenents are formed on
congigly e%ﬂﬂes%m@@rﬁéfa@d%épsﬁ’ﬁ a7 irHegEps matadel. Thpé@fé@wg@rmt engine

controllers consist of custom processors which expand, dither and print page images in real

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

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

still classed as netpages.

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

document’s tags can be correctly interpreted.

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

information 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.
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28 CMOXS logic, data transfer, timng, and drive
circuits (not shown). Major elenents of the printing
el enent 300 are the nozzle 302, the nozzle rim 303,
the nozzl e chanber 304, the fluidic seal 305, the ink
channel rim 306, the |ever arm 307, the active
actuator beam pair 308, the passive actuator beam pair
309, the active actuator anghor 3 10, the passive
actuator anchor 311, and the ink inlet 3 12. The
tiwv HA pair 308 is nechanically joined
'L?% tﬂgmggésiegﬁggﬁgglor beam pair 309 at the join o
319. Bstistnienmsteparnorail wgHsikes nede with p wids paey pf, digital
o nBRLRY, SncldlirkOhéRdl Rkjdd pieRfceRTNj R akie? Ble@foph i
priffiid0éhn0R 5%%, cslglgl?gqﬁgl,g 311 and _31% ki et eitop otographic,
ang gihers| peaverg for ayidecqonsnniee pesalbtanseritiis sletitahle dhat 3 pefpageipgintephave

theBISRANShaPac Rk Part of an array of printing el enents
300, ihcluding a cross section 315 of a printing

el emgnt gﬂgn$%@ﬁ3§%95%°§?55“ﬁ9-315 i's shown w thout

ink, to clea ow the ink“inlet 312 that passes

t hroygh | Ihd s @fer 301. Figures 19(a), 19(b)
and 19(c)n§ﬁ%mﬁ¥ ep%bergting cycle of a Merojefrm
printjng;&l 300. Figure 19(a) shows the
quiescent“%gggﬁﬁln of the ink neniscus 316 prior to
printjng ,@2hlkogdroplet. Ink is retained in the
nozzl e chanmber by surface tension at the ink nmeniscus
316 and . fluidic seal 305 forned between the
nozzl e cﬁgﬁg%?8§04 and the ink channel rim 306. Wile
printj ng, Nt head CMOS circuitry distributes
dat a fro%ﬁ%ﬁﬁwgéfgt engine controller to the correct

printjng MRy atches the data, and buffers the
data to 5§%€e tﬁg°$electrodes 318 of the active

act uat or Lpai . 308. This causes an electrica
cur-?éntIl%ﬁggggpﬁyﬁlough t he beam pair 308 for about
one m cresecaon resulting in Joule heating. The
tenpé?at%%%tg%%$%?§% resu?ting fromJoul e %eating
causes the beam pair. 308.10 expand. As the passive
actuatorSwggﬁnggﬁméﬁégf%mﬁg?gheated, it does not
expand, %ggﬁkgkﬁgzkﬁwa stress difference between the
two beam™parrs. ﬁls stress difference is partially
resolyved by the cantilevered end of the
el ect™ ot N&F AR BERE R Uat or 320 bending towards t he
substﬁate SQ%. The | e er arph307. fra sgi‘s tpis I of th
movenent T Che*REEHEY c REHBEY HUAE THEMREEY | &%5c RanBerese
chafderivasses about two microns to the position shown in
Figure 19(b).. This increases the ink pressure, forcing

i Nk 3thlenabid fprodfictioh @f pdmark @itB@izse dnchereeistivs, e prient dplsticant has
iR AR a0 Bk b g Thitoge FISE B rop-on
de@indt hgkjerozedhaoleanhsr idddorates 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 long by 32 microns wide.

Arrays of these printing elements are formed on a silicon substrate 301 that incorporates
NPS096-5G



NPS096-SG 29 As the tenperature of the beam pairs 308
and 309 equalizes, the actuator 320 returns to its
original position. This aids in the break-off of the
ink droplet 317 fromthe ink 321 in the nozzle
chanber, as shown in Figure 19(c). The nozzl e chanber
is refilled by the action of the surface tension at

t he meni scus 316. Figure 20pghows a segnment of a
printhead 350. In a netpage printer, the length of the

c@g's g%leaﬂaﬁﬁ,ﬁeb%mw( gnmrggglrafm ERARE! (t ypically 2

direction e seg shown is

0. 4 tMEJBr glgﬁ&tg @fg[gyé%lglen e eﬁfentai”()% %pt!h ?zz&rjﬂattﬂg A821e rim 303,

When printing, I'S nove he T
theprazale lekaeber 04, he Hiidie stal 306, B62nk alhenqm n*mni%eald ldhvasarth 307, the

acti \%Vg%iug Or B{th 6291] ﬁS%:ﬁ]% %gsswe ralct%r}gtlornlgeaelfpeap%lab the a QL’VG actgator anchor

eS 0P K Sup
310 (153 panskvel autuetosar&h@rjITmnptlrmhMIet he.fragile sur face of
the printhead during operation, a nozzle guard wafer
330 iﬁ‘leaa:ctim: hl@uhtctrdaem’thmfrrimﬁtih ewchanichidt johted t<3(ﬂib pab¥ve actuator

befh Pa:r g@z % tlﬁ: I‘Jg % 15 ﬁoﬂghéafsnﬁ 2)&1(1‘: Ofrd %?c (brlerg%tr}geérr rgspre tevg &’g Lh% points
31@BmyéﬂlThhemﬁmﬂﬂbecﬂaﬂm&nsBmL89%3ﬁm FInpmdoEeainn g cantilevered

ked b er .fibers or other debris, filtered air
ek”ﬁ“ﬁ Xd%ﬁ? %bthe air inlets 332 and out of the

Fr om 99 RS %4‘“%@% et SEtEite o Peinp ey P, itz 5 ros

seddibh B1 26f a:j Brintihg elefrrﬁnt@()ﬁhfhd\l@bs@ ageiofrens iEﬁBoxﬁCtvitMﬁt ink, to clearly
sepnsi. evi.ce of t a is typically a

Smﬁ%ﬁe‘g%“bﬁﬂgémﬂpﬁﬁﬁﬁa %ﬂg %@%ﬂgiontroller 134, is
abl e r od posi ti froma .
page VPueafE TaBl Sl T66F Swht?e RBeBrEgH 3 Vemer® prining

cleg@hi Wost at e device provided with an appropriate filter
to permt sensing at only near-infrared wavel engths.

As desgire bqa) shawgrﬁfee]uckedeat poshBh @Mthe tiklemerfidtss 819 prior @Pprdnting
ense 3% ﬂ is I n %Pntact W th the surface,

é’ﬁfdi oM Iﬁ’éﬁ fpigingihindhe igzde Hgwn ok bygrrfage tepsiop pt the n mpeniscus 316

and af e FIQidEAREILI0S B4R beRRBE el dol cHamber 3(Atand A MRIchdhel rim
30 %reater and 100 Hz or faster). Information captured

y the pen is encrypted and wirelessly transmtted to
t he prlnter (or base station), the printer or base

st at i GRS PRERErR Prigheeh MiR ﬂrwtﬂkﬁl%@ﬁ%@@tatfwnt fhie print engine

coRtloNOMR) the PSBR1 F] tmg iefenieh€ 1R61RE BleRE), SXPAMBAL data to drive the
transmttln e inf Orrmtlontoanetpage server for

eleptirdey Blrse?fatfl? é‘ﬁ“’e Teiaatpy eprnai $ 0B nPudaneas an glectrigd current to pass
thrBEIhPAY EbeRE Np AP SFR 5 SaRQE B i@ 0B ﬂaumlﬂg iR 9Bule %Qtn%.s The

a non-narking stylus. The marking aspect, however
tempstatine erraserTysutong fieg) toglethsatingrapgsa e bsym paindistogxpand. As the

pagfvg‘é&hrﬂ& be¥m %5?’% %9219 ﬁéggﬁe&’}’{ﬁ%eé ot E)ﬁmh’cﬁ %iul‘aﬁg A% stress difference

I nternet int
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,
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net page pen is registered wwth the netpage system and

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

pen cl ass diagram reflecting pen-related informtion

mai nt ai ned by a registration NPS096-SG 30 server | |

on the netpage network. Wien either nib is in contact

Wi th a netpage, the pen determnes its position and

orientation relative to theypage. The nib is attached

to a force sensor, and the force on the nib is

:Mqtete ngsr t%% Eegqpeﬁmé J)f\{ﬁe qum%a}ré‘%&saﬂﬁ IZ,QQI.%ﬂ%ahz%? :tl%:eaatc%ator 320 returns
to itnorégizat pqnsvteane’[lasrmds mcllne T~ q@‘ﬁqfehct mk deplet B i Tcfkeal the ik 321 in the

nogzrl] it ma%i as s h‘F% Ii]mnelglgure %? hle gozoz ehc A ltae? és!‘ %ﬂﬁ edslfy'otP% %é%}(l)g of the

sunf:aptammemlatabe @erd@ng 3Isuous vaI ue to allow, say, the
full dynam cs of a signature to be verified. The nib
may biEigure Y@ kioevs wheginens oty pemtheﬁdma) Buate’t;fageephrft@me]ength of the

Pt g S SRE DT g Bk It TR 88 g 1. T seamens

shémf fsi @4 e 160 (ABB0E 012 oNh RomplBieSprivéiéad) Sihiedl @nﬁ‘ﬁl’fg@ the paper is
to th

|ra 0.the user_co re
S A0 s BTHSHS O AP o o TGl A o pteligiated
priffel didn@ints300, pAihtiQthekik 0dlo@lor yb& dTidk soppiel 8y theidanBsBY2.
imaging, 1in the infrared spectrum an area 193 of the

page Tdprble iV ﬁidgﬂé tbut£20€ oftthepritithbad Hirifd@pades, b h@zzle guard wafer
33$earest tag and conputes the p03|t|on of the nib

& 4erehed te dhegpivthead; SusEAls ¢4 Fobeash vagrle HErthgedy # gresponding

nogmesg@m h¥® 391nthlrcﬁ%1 WREE: fhRUreNes 4B SirddN QW IBRATRS Aidkz10fguard
t hough the position resolution of

t he tics
holepd3| & ‘WTE%FO’B@gI ogked b dues ot Pragfheredrbrisyfiltsied; fe is pumped

m@@&hé Sr nYeS 8hdout BE @ 964 Wdld HoRs Enli}ﬁl Lagis). 76 pret/aﬁ ink 321
Iusted position resolution is quite |gh exceedi ng

ingyithf negss Bwsbis sealedivhils dhsinriger fsddleaccur at e
handw iting recognition. Pen actions relative to a
T-het padwe Meteagefelired as a series of strokes. A stroke
consi et seRiRQRWENEEhOfethdoBBysthPRGRba f@ pE}Pﬁjlt WHIR, using
on the page, initiated by a pen-down even
its ewhgsided eaatrpljertl B iseithe iecraiinre apd deaade Eixemtlonﬁags tfrp@lk@algs via an
im&eSensbAABE Gm¥Het s@nstopfs ao 8 stald RO cQ%EOWi%d Wtﬁtaﬂaa?ﬁga{mate filter to

enever the page anges, under
peiit swping ahoely, neﬂrsmﬁ@red ivavelengthye Ae alvenibecbin e dtaibkedow, the

sygt:@r?ﬂ aﬂl%tt{p %QWI ‘?%git@b 19 ld&{tﬁ:@ va}]tﬁ %llleesﬁifﬁc%nanﬁéger ;Feg rlsrri]lb(l:% trnJ) ysense

assocl at e e user
taga pie rdiddient m@toa:aptgwglmgmn; han‘ﬂhrgtlgg(lecetm@@] dpir greater and 100 Hz or
TR e I | h e I
kSRR Qb ATl Bl 01 e
(orcbaseegaton), dtic jrinpa ge basessitiom geerpretingctba dats tv\athoéspbdteo thas(known)
e _captured. thro t he

roleCFET O P R R B0 Bt e BB gerer or
intérpterip.et ed i n an appllcatlon speci fic manner once it

' 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, reflecting pen-related information maintained by a registration
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submtted to an application via a selection hyperlink
activation. Each pen has a current nib 824. This is
the nib last notified by the pen to the system In
the case of the default 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 30\NPS096-SG 31 | ast
aSSOC|ated with the pen by an application, e.g. in
sofv& 20 ﬁ)t§e user selecting a color froma
%% '8¢ PFHES Ut nib style is the nib style
taﬁfgug gnegit Véﬁr tmrl]) lté nfe g(éngaeg%%n ahnet%ﬁtée théler Peé’l n%eteﬁr% %s {cs Posmon and
ori\iﬂtaibntrbietl\&ttﬁ die@ﬁgeai‘I'Ee nib lﬂihﬁlﬁﬂﬂd!ttt d fproeepsad amlethb fotdaey the nib is

int @ TG Shup RS iicoie i e b By Mg Pfigtiows a

mt%ithe%hﬁh‘t dnttth@ilge ﬁ'ﬂmmﬂ:lké‘caih? pret;sh@ witethe dnQild, n 61{1&&61 Bfuest,
its. "online" LED. n_the %alls to decode a
say; (dpgHmatip frgm; wfw b, e TR hEAR UL a5y caeferr%st wlue to

allbW Ssay £the Gl d&qﬁﬂucsvgf%mgﬁhﬁn@ﬁﬂb@ U&ffREJThd fib gt MghaBle when
stroke relative to th it nnnentarlly activates

supjeed to gy spegifiey fOAces‘é’E‘ﬁlé ﬁ% gre@,tpr ﬂ’é thpt @grally swplied; when writing. To

“chkP e’ @6 ippliaSa Hir&H Juliicidnd o mafegt'hé alb. ThK nfa9 A& ideNBore desirable
basis for the dlgﬁtal exchange of draw ngs and

feqdhardie the Pirg coprsFe ﬁrhahlé*ovléfcd&gm NOpHIPVEE mbh andwr i ting,
and for online verification of signatures. The pen is
wi r el Bheen Agtenings sheinositien idrosientptiga of §s pigen ﬁ@t“ﬁ‘é’@%" by imaging,

in el AEGEd PpRuBnSAPItas 18NGL e A B thi sz:m@ﬂﬁ’ the ABSTdedSAEs the
digital ink is encrypted for privacy and security and

negred Keg iepbgompyles defpasitientoltthamidnraddivero thutag Som| theyplserved
pelfshééﬁb@ﬁiistgﬂmﬁ ol Bi¥ 1%%6%\Q§Q5ndt tHe ﬁmrg%oﬁlétﬂp&ﬁh@?éﬂq;p'ﬁ&g Alitough

prlnter he pen I's out of range o
thepipasitipr resplultnmmfftb? e ey ibe d0w, ibedenserihe ag densély omEheregs is inversely

pr(ﬁfa [1laN@Sime ¢ % tﬁ 8V pgsltso%nregehm% 9&% ﬁ&ﬂ} ERUGHS: the

WW|t|ng e ‘pen s once again I'n" range
migifnuz nesoilytioa required for answkierhgndyrifing efcpgrtend. di gi t al i nk.
The buffer may provide nore or |ess buffer capacity.
A penPepartidve ralaye &t enatphoapehapinrgd smadgees affstrole. it groke consists
[ {
of Q%E%Lgﬁéé?éfz%‘aeagdmp%ﬁ @% 8% Lﬁi oh ﬂfe pgxgcs llngatch &pg%m?m Qvent and
complietehh bp Ihembaeqlaant PBIDi eseraommweomlsmtgggﬂdt\mthahe pagy ID 5 0 of the

ne%grt Iw%% e@er {hle g}lqaég ﬁerr Cflege;sr %guc%nzlg Figopﬁxtn Blrﬁtu NSah&l ls at the
comerémemnn:te)fthe strolgures 8 to 10. 1.7 NETPAGE | NTERACTl ON

Each netpage pen has a current selection 826 associated with it, allowing the user to
perform copy and paste operations etc. The selection is time-stamped to allow the system to
discard it after a defined time period. The current selection describes a region of a page
instance. It consists of the most recent digital ink stroke captured through the pen relative to
the background area of the page. It is interpreted in an application-specific manner once it is

submitted to an application via a selection hyperlink activation.

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

marking stylus nib is current. Each pen also has a current nib style 825. This is the nib style
NPS096-SG



The netpage printer 601 receives data relating to a
stroke fromthe 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 to execute
a novenent, such as a stroke. The data allows the
identity of the particular page and associ at ed
interactive el ement to be deferm ned and an indication
of the relative positioning of the pen relative to

. o . CTha s . q
lasli Pgsgg?ntg% ‘?Jétg t?eop%%%gaggg ég{'ﬁﬁe gegét%ng? (JRE R V\ﬁer seIect{ng a color
frames cphlv@e; Thy idefatlheibBNS; ist the nibastpde h@)di@ecbﬁqﬂn e csatremlmb Strokes
ol RS L A B0 b R MBS ks o
su&Bﬁhenﬂy reptohmd,tth@mepmdﬁché insthé fiks @tyte@vnthh&lﬂﬁgej e&efag@ﬂ.

If the page was recently identified in an earlier

St r oOkWherteh@Tthé pen pMnmtlen'angmgf aapringadiithhehieh it loen asldies@te, the

popelppliglee s P oy sttt sl PGt sk ek Heche paeo

it pen&itaile Adtvitedis ‘@rdLtIEIYOViRAgE: peashotedds (5 &Rodifs O¥oke relative
]% ggge Ia oyt refers to objects such as inmages,
10 {55 e @E@@mﬁﬁngiﬁ) pically stored elsemhere
on th net ge. net Wien th seryver elv
t he ﬁswgqﬂrqfrﬁawﬁég pipkes i refezge t@egglgﬁﬂéﬂl@ jital ink forms the
bades&r iRt Highalt Ekciiigh hoft few %g Qk@® HRPIitRE, f@Nehline recognition of
determ nes which elenent of the page description the
Y HRe: "‘}“ﬂlﬁ&oﬁé‘&‘?“ﬁ?ﬁno‘i‘ %fst’ﬂﬂ’éﬁ‘reébl e to interpret the
stro t he. context of pe of the relevant
ol ermehe Pews- wirglesang graﬂtss}lﬁf e*gm* nl%toéli‘erllﬂﬁ@g?/\]’i%ﬂ‘%" W short-range
radld 5H18MHE tramchifkddMEoiREINeEshchBRd @(ﬁ"fbri@w&nd BRE#dy 1208 paREtized for
t he subsequent pen up _position are both |Iess than sone
ofiigiRgf frantaiiRtRUt K lvom Beted i BH-UPSVEE(Q Grarre gimsly hgndling in the
prifel.CK typically requires a click to be activated, and
accordingly, a longer stroke is ignored. The fallure
of a wemh AehbPR ou$ Hpﬁngesofea et ROYTrefd dlgl{ﬁl mlkqn iR&ha hiR¥mory,
is indicated by t | ack ? response fromthe pen's
whichyhas |apapacity ob ¢igr tewmw&es &f ﬁ@ttwa@@ hapdstrifimes Waen thetnsh is once
agfin WithinCHingeCah RetdrC@ 'tr§|lis?err§ chyeRR i dial BE. m@@m&‘&%wde
pen up positions are both wthin the area of th
mdsgertless buffereppaciiy.e two ki nds of input elements in a
netp-ge page description: hyperlinks and formfields.
| nput A teR sy e segigered itk agy aumber of printersy Bk becagse all state data
iat [
rofiEh A0 Rl ALoBRSAR AR el L Nkl el which prncr
pee &5 cammynioating ayitblat awtpadinulagtinge.- t ypi cal ly elicits a

printed response in the netpage system
A preferred embodiment of the pen 1s described in greater detail in Section 6 below,

with reference to Figures 8 to 10.

1.7 NETPAGE INTERACTION
The netpage printer 601 receives data relating to a stroke from the pen 101 when the

pen is used to interact with a netpage 1. The coded data 3 of the tags 4 is read by the pen when
it is used to execute a movement, such as a stroke. The data atlows 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 hyperlink el enent 844 identifies the application 71
whi ch handl es activation of the hyperlink, alink ID
54 which identifies the hyperlink to the application,
an "alias required® flag which asks the systemto
include the user's application alias ID 65 in the
hyperlink activation, and a description which is used
when the hyperlink is recorgied as a favorite or
appears in the user's history. The hyperlink el enent
the %rm‘%er whe? 105 lﬁessbtg%ge jé)gIrSver upraee §9 50 Wfk‘et‘he s%ro ¢ t@lﬁg tﬂenlk%twork
adﬁeqelolf dﬂtmetpmge ﬁﬂg’é&e@f ﬂBwBi&h n&mmwhm @)n@spohdimg p@,t:\mtalnce 830. Kt

el FRE S S Roaeoer i Faechuler ReenE hesfRt marvr
strfieqthieh ﬂle[?NSter ﬁiag aRcady tha\tehhe@dd&@sp 6Bth9ﬁ*elh)¢mqt’ag¢ fdeeer in its cache.

ener al nks 863, i nks
o Pt STgpa § e bge JalC IRk sertianty 538 negace page
sexger(edeadetdwpﬂfel pagéqa«;cam rd &P t@@@é&s Aaclf itRgds, fofifs ad piedds @6 text,
cunent Inmply s preference to a
W%Q?Wétt’rf‘dﬁ\ls?‘tﬁ]teﬁﬁi B"e?eftli’aﬁﬁn%tﬁﬁ% ts the corresponding
formto the application, A selgctlon hygerllnk
subni VEen Fie BAsPreREr Serlet fMnstiose e HispPine dk regipyey fhe page

dedchiBtidnib wWigtthS &I0RE tqbpmes afi®Mtétnit®s ¥hich ré&hentvwmt ;ﬁg@@@cnpuon
of text, for_ exanp the application may

thesstipke dntersegss- Mo é}lfﬂé'hte tgi WFREF theestinbs & Ge ﬁ%‘&?ﬁtﬁ’é ﬂtﬁ Rg pf the
relbgt G@next in which it appears, or a translation
into a different |anguage. Each hyperlink type is
C har ag t-gyidkz @@%Eﬂéal]@"‘@&trdkg fudesBhd @Btah and WY debvdn bR dell own
plication e correspondi ng hyperlink instance 862
pow @b?"ééhea‘?ut’sfea‘t%WWGﬂ?O?ﬂ w%lp leps tharrope smalhearimpg. fgobject
Wlﬁfhﬁs RAQ&ed 5‘555 é’]féﬁ %/p%]lmhﬁtbstalaﬁcm @@ ﬁc!tfv%d lhASIRAARgly, a longer

pears. transaction | D can denti f qu
Stre:lseelﬁ J@Q@ét Thecfalaﬁt af 4 pentagona pishiag at“ﬁl@twy gk, @xagipbrds ndicated
by t@gﬁpdf@& Gk %romQﬂe nd4LRYL B! %&\t@&e§rhé@h Hétﬁdg@ %hﬁ)fs #Fbutton
purc S|n5 appl 1 cation on behalf of the user.
a “sligt’ e berreigisitesd whve bpitrthe panudoarend per ECNSGWﬂS@@ bpth vgithin the

acasriehlen hyperlink activation. The systemincludes
the content of the aSSOCIated forntlnstance 868 in a

f orm Tﬂ%}@gﬁ-g bbd”ﬂén%c élgtﬂent I'h%g)g?a ﬁa% P&@ng}%ﬂelwpemhks and

has its attrl ute y i'nput
form ffighds.t Imeutl thetugh or fnn;!;uﬁfzhi sei @hoi siggan dhedeltvatioth el 9y sssopated
ln%&ﬁhydes an effective return path in all hyperlink
ctivations. A hyperlinked group 866 is a group
el enent 838 whi ch has an associ ated hyperlink, as
1? 0“91 gure 3 1. Wien input occurs through any
I el enent in the Jr oy the hyperlink
assoct ZYReiink it A neARs g S MEEIge/g AEmOtAa lﬁem Hddypically

eh@iEszﬁéﬂ@esF&qsblﬁﬁﬂe ﬁ@pag@%&@ﬁi ate hyperlink behavi or
wth a field such as a checkbox. It can al so be used,

i N A hyperlink clement 844 1dentxf ies 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 element 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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conjunction with the "submt delta" attribute of a

form hyperlink, to provide continuous input to an

application. It can therefore be used to support a

"bl ackboard” interaction nodel, i.e. where input is

captured and therefore shared as soon as it occurs.

1.7.2 Forns A formdefines a collection of rel ated

input fields used to capturgja related set of inputs

t hrough one or nDre printed netpages. A formallows a
sofdé@f ré On 7l ﬁ@t&r z§p [18%i6n 150%%3%5 %5/ agvpﬁ&tion ID 64, and the

Ication so tmare 6rogran1runn|ng on Server.

apNngﬂDS@réMvedﬁmftl@rrrm&ﬂ anvsnaah&gf)blﬂ pllereare tirec8 @@ iofihypladinks:

gef?e%:l llllnﬁer mkfe qévﬁerllx{)ks'”ﬁgg,i@%t 5?%‘?% R¥pe?l{n3n C%l 3 6%10\%11‘:1 in Figure
30r & geresd hyperlmkpan inipiahennsitequestaiond liked flayument] or mayrshm\de Signal a

t an ich cor
it £ sty & R BRTRR b hits b SReb R G ROPEN o b mipetion. A
selba®n ajypaﬁﬂombaﬁtedhevairmm s%Feltlomoml elapplmeudihe nemﬁe?l@ﬁlt tgﬂectlon
corre i e el emrent Eac i e
congihs:a Singlerard SR T e gL maler e PGB Gr Ay Fb o Sl paee
do%ul?ﬁl?@omg tilie ﬁordtdshﬁﬁﬂﬁg ot tﬁé cHBEE 1r[éﬁvhiﬂﬁ aohpg%trsp gg & $ranslation
e rm ass Laqgr n1|s shown in | gur e ach
ntp g mf?er@f ﬁﬁ’@@agﬁa@%‘ ? yostlink e lwhaéwt?rﬁsq bxe what jptoppation is

subki@ed ©1K8 dppliatéd.ve, frozen, submitted, void or
expired. Aformis active vvhen first printed. Aform

becomB chir&pErtingdypelihit inktincei 387 @tordda h@hALRAADMBSwhich can be
subm tted once one of its subm ssion hyperlinks has

speseisrio thechags Htagee Ay iidsthe Reberips dpstanpikanpsars.iThe traagggfigntlD can
ideiBiyt Bser-gebitit Qidfaetosﬁk apﬁhcfaﬁéﬁn BECRUIMRTe MOHHopMiBNcart’ N pending

user invokes a void reset formor duplicate form
puishiyes wypiFRpdHDY %Ptfr%haﬁﬂe milliéaéen ophdwlfehe psofe t he form

has been active exceeds the forms specified lifetine.

Whi | ethen@ysiesy ielufles et pepe, ciispinselegsige 828 il ¢ geleefion hyperlink

acthaRSH. THhBTPHER iR 1fdef MeWhE&h: bSthd %soé%ﬂ ¥&m RisthiR R84 a form
captured in the background field 833 of the relevant

hypralink acHetigmoadthonghdhthe pﬂffbtrl?ﬁas gis § élthwfedeéfﬁ” ftprbterset, foplyinput
smt?é"@l@]la%tsfo% s{llﬁnl?él(!-noimmdépWh@g§s%¥H3ﬁlc1L@es%H Qﬁae&w@ refﬂ%a rig.ath in all

when the formis not active or frozen is reject
hypenlénkiaqtitations. el i cits a formstatus report. Each form
instance is preferably associated (at 59) with any
f or m4 heetlinkedserden $6pdela gforp pleinent SBH wdich havindissngiaged hyperlink,

as \éﬁgwsﬂ D FRLR 9]; YWthh inﬁutaeécgﬂsth%lukh Qﬁl} hil 'éf&eele&én?jﬁ the group, the

ver sl on particurar tine
hyl@xlmku&ﬂédasmcamdawelemecﬂnoupAiSI activapadt Al kma@dpkw gdurasan be used to

g%t@ﬂpﬁ( it i,n consi st f B Setasf .
assPei lpe i é)e]l%v?Jr o\ﬁleh arilg edc? S§%17§S, %é%lgﬁ(b%}( %hciaghalso be used, in
corgum:SmsWsth Ofe “autmet dedth” atr;blued)f stforoklgpeBivk.to pasile Sdutmkeus input
to 10 stphcatlon {t 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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a set of time-stanped pen positions 876, each of which
al so includes pen orientation and nib force. The
digital ink class diagramis shown in Figure 33. A
field el ement 845 can be a checkbox field 877, a text
field 878, a drawmng field 879, or a signature field
880. The field elenent class diagramis shown in
Figure 34. Any digital inkigaptured in a field s zone
58 is assigned to the field. A checkbox field has an

Zﬁs 0Ch %rﬁldS6399$ gl%ﬂp Yigh44f §3Bh th@&cﬁﬁ&%le'rr?dﬂ BVYftfma g/ contains

y (a ti a cross, a stroke zl gza
a gt ef t)%rr@aﬁltfml@demwtsﬁ% dcfolninstaned 368 reprspratsnprinsel istance of a
T, 3t ot RO Wiich UGl e Gements 845 of the
forgm [Each 88 instagcedhaowm assncrﬁecgmhea &6, Wiy t)d:ieglbmeaﬁs ¢mitke type of the
X [ t .
coﬁ&ﬁ&%n’fgdfd;!l@ el% é’ﬁt Ea\lﬂf{l g%ldd\fa%ezrgﬁxgdns d V\%u%%r&% : eco u%r Pmnot?ﬁ form
insgande, i. hghtoegit onieor e [gined ntipageh e ifetndlss dagram.is GolvnmeFigure
handwr i ti ng recognition is well-understood (see, for
exanpl e, Tappert, C., C Y Suen and T. Wakahara, "The

eee EaACIEirBie R SlvLPR KRR S SRRt ot

frolzasn‘, ettmigenedd ovolpirdd? A fon 8, act@&tg»ulﬁh it 9Anted. Ia!efoﬁﬁ bé@hies frozen

whi.ch ,a herein incgrporated cr.oss-referenc
ond i 1 g 4k TP Mo PR BHE' R of f Sota o el been
acfi \Ia&klﬂﬁmiesé\tlﬁllgﬁahm{ s fﬂr; edhtimhaisltamattaib o ¢t A echmtbegorhalvoid when

nat ure val 883, sho in Figure 37. Y, .
DT TS ity Bt e 00 gl et £ qoRingi fogn xpies
wihl HRThid Ga rdrm ﬁéS béefnlaetﬂvevﬂxtéédi 05 peats st@mﬁ&d‘llﬁ'eﬂuﬁ@ 'While\the form

of, t he owner, t he ;ﬁ {P a digital ?nMUreof
is gofe, dYAY Bt “’o Ot"’ﬁ% IFR}'F Sreh gpran il s ﬂPﬁ %fee 15 dnsfgad gapfuged in

thegﬁtf:]l@i'&ﬁlﬁ GieRINRd3 35tk geﬂé?vdnttp@gé ingarfck e\kfﬂensthé/ RkH & actiiteor frozen, form
gital signature is generated u5|ng t he pen user's

Sumlﬁw ig allovisda DY alqmgy Tspydrtra form yhemie fosp i i ety or frozen is
rej ML ndiMISdlcisfadbm stacfdYepdte Signature verification is
wel [ -understood (see, for exanple, Planondon, R and
G LOLRESR insidet RREAGHIS A0k 14H €a O hrftlll Q%f‘oﬁﬁ‘ i@RHces derived
Witer ldentification - The State of
fropgit.t thysrpreding Aiveision histesy. Thgs allqys all bm@@e latqsh@er@@hgfemfogm in a
pa@ltulm;lﬁéﬂpe%@tmreﬁuﬁdéd%mp&mﬁ ed by cross-reference).
field elenment is dden if its "hidden" attribute is

Set A Hﬂpgtdig @aﬁ‘tdr@d 5’5 cﬁél%f'ﬁ‘lﬂt DARSNK §BLcoRAMEoBT el mh‘ﬁe stamped
Zone on @ge and does not accept Input It can have

streli§ £5epe §7‘4a? of phich consigfsiot 2 whio€ #iyled strakes §7delrch prakgonsists of
a sfeto(gmn&ca%egnﬁ@t] %glil ng(?t cInQ R4, %Qdillt Fii g%gohﬁcltlﬂeg Ipgn bifentation I%nd nib

i ng" commands, such as strike-throughs
‘%mmdheé%ﬂﬁgmd@ﬁeﬂmﬂﬁmltﬁmwaM§6gbe33recognlzed in form

fields.
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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Because the handwiting recognition algorithmworks
"online" (i.e. with access to the dynam cs of the pen
novenent), rather than "offline" (i.e. with access
only to a bitmap of pen markings), it can recognize
run-on discretely-witten characters with relatively
hi gh accuracy, without a witer-dependent training
phase. A witer-dependent mpgel of handwiting is
automatically generated over tinme, however, and can be

generate front if ar
al r ed %tce g F Ul? g | assoclat ?%ex??zichée %86261%)‘ esﬂce nf]!‘@?e 3€ Any dﬁ}tal ink
cagitred ke amm ﬁeld’sst mﬂ: ss Ialltomatpmﬁjt icovkeried &l ement’ alipo rlnendvmtmg

recPBREOH. ROk R, Sttt oy 2 ek Yt ' THfp8 Wi Pind S hiion i
weﬂtmmﬁa‘.?ﬁto@i @éeQ tdr @kankpiik Tsp;re&am CY. sppeaddd Wakaliaheg “The State of the

bac i.el.d' s_di ream NPS096- SG ,36
ADEBEEE idng g RSB, TAER BPBament 101 Bajeg Andysis and
Mdchine Rfefligefbesval. 13,6 NS, | Aipuge 3994 ethe @oh@hEBER infdich Ofire Ofierein
., one or, nore objects _is, generally i terpr

INCGEOEKAd; by $rass-T tﬁ@w% PPl P%cgaexaﬁf é%weluf?eafie aghm?%é‘wlds

actual I nterp ation is a ication-specific. Table
melt SERYE &Eﬁe‘w@ ap .aa‘;a%latﬁ@ ﬁ*gf‘fﬂtws'em \%ﬁ@ &R+t shown m figure
37 n@{ypﬁgtm mkEa;mued ha mg?rum?@ﬁad’@fzor@ns Adidredtiasllyl \@ﬂﬁedf\'ﬂvftlhreébect to
net page. Cbj ect Type Penj nput Action _Hyperlink Cene

theglengigy @dbﬁﬁwaef BRen gndapdeiat signatye of8F pengsnt pldh %t?&m# Which
thef fMdTs (pRrt ARRhdr&ad dfiNssigRl @Fhé ﬁadgvhlﬁg 'I%b' Qi’ﬁit&l S@jﬂﬁﬁtlé Serated

to application Formfield Checkbox
usifg the pey PSPrel privRistiZnaBiFRIbay weete &)F‘i‘?é‘Pl’hcﬂﬁ“g’i Whiph PWRS thg form.

On'hﬁé(tsrgnﬁt%%'\gzﬂﬁéa%ﬁﬁ is WRIfubh&rdoddr @Y, rfgr DiafiptealplanfdKddiS R Rd G.
digital ink to field Signature Signature Verif

Lo aatork Sidngis Uniicngevar deier Hegitiasonss Ghabreatdre Ar
Pa{té?ﬁ Rec ﬁioE Nyei B §als, 158, NNGntelds! FUNBGT AR, ASShSHked by

digita to clUrrent sélection The system nmaintal ns
crags-eefrenemt  sel ection for each pen. The sel ection
consists sinply of the nost recent stroke captured in

the badkigrebamsat i higen if Tt chiddepdattrible is set.o} biddandickf ¢lement does
noffhve AR At YdrdeYonld FROURd ks SRS Wob RERHIE LAD 6 BERAYLALS ficld

value which is included in the form data when the form containing the field is submitted.

“Editing” commands, such as strike-throughs indicating deletion, can also be

recognized in form fields.

Because the handwriting recognition algorithm works “online” (i.e. with access to
the dynamics of the pen movement), rather than “offline” (i.e. with access only to a bitmap of
pen markings), it can recognize run-on discretely-written characters with relatively high
accuracy, without a writer-dependent training phase. A writer-dependent model of handwriting

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

Digital ink, as already stated, consists of a sequence of strokes. Any stroke which
starts in a particular element’s zone is appended to that element’s digital ink stream, ready for
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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The raw digital ink captured in every field is
retai ned on the netpage page server and is optionally
transmtted with the formdata when the formis
submtted to the application. This allows the
application to interrogate the raw digital ink should
it suspect the original conversion, such as the
conversion of handwitten tggt. This can, for exanple,
i nvol ve human intervention at the application |evel
I:g:]s:c]g! ital C}é\fp caﬁatur%ﬂn JERS %k%go @ﬁgidol% Eﬁ{xter%ﬁeﬁe%peﬁ ele%tlon gesture.
Cmnmsqn@ndsramkgmemdma]reeabjefts as fgexreml]@ramtelqaretedjensl agrsalbceldna:f the
cir?tngsE%% gjegtis at]t %ugghkg aéﬁlgl 1nt§$3tret 106 1s[ag>Pflca?l Clg ?Se ?Ee
expll i el ds_of heformtoa
hunman ac'i’z)ei%{né‘}m%rﬁhef%‘éam’% %‘nt‘%ﬂa‘é}lﬁ’“ PR SGser may
have i ndi cated anendnents to the fill ed in fields
outside of those fields. Figure 38 shows a flowchart

Tag é\h %rocesoff of . hé dc!f ng‘)aﬁy |n§)ut re! ative tg a
o lt; dWPe L,

>~ UT1 ~J \w A | mMmoeouovl T - \u U84) a
ne en If I 'f pnage

Hypgeink ndaeneral + o/Cligh ch t he_p_‘ -
refers;FoBt ri evfCHeK (at 886) ubmltrmﬁato amgatmnqr 37
descri pBeleetion: [Glighti f yi na Subnitselection to appfieation

Fasmdigisht [Cstbok oley mare 5 ignitaledoifiglder sect s:
det er mi[péhg (at Hasawnﬂmaet he arivert digitatink tdtewt; esaign text
corresgonds to ja field ele i
(at 892prawlirgg r elPaitabidk st r ok ¢Assigntdigstadingite Béldi nk of th
field VaigoatuBsy 1|Signatues pr et i q\@ri@aﬁigiwg&)sigﬂwxm; generate

D

accunuljated digjtal ink of I{digitafsighaturecofdorde tassign digitgl
(at _894) whether the field isgnature to fidlda hyperli nked
Napeoup 866 and i Cirsomaeiptivat iAzgighatigiB0bk té berrers selectned
hyperlink; alternatively determning (at 889) whether
the formatted el enent corresponds to a hyperlink
el ememde s@fai&n hfaﬁltaﬁﬁls a&ﬁﬂ‘rbl Maéliedftﬂm (f@{eaa%)l Tﬁlﬁselecr:]tlon cgnsmts simply
correspondi n erlin al t er nat , 1n the
of de mpst ???ﬁ%& strofe éga'r@rlnﬁ%eﬁﬂkgrﬁw é%fg iSHigeHER S %9%57 affer an
indch@ity tBRRUMB dnsatd RéRciitd bdagvish gi tal ink of the
background field 833; and copying (at 891) the

r ecei MRgaw blgakianit Quptud if b¥ ﬂéld sab@mbd onh838pak phdterver and
current pen, as mai_nt aj ne t he re IS ration

s RO o e SOVA e s Y= SRR Ehegpplisetioy. This

alI9S the! affiRathh O HFerDBANMIhd Ravk| G imS shoul&r ﬁls%)éﬂ? the original
accunul ated digital 'nk of a field is interpreted

copNeEsiglFueh as Hercprversigyeof Gandwisten fext. d his cpmdorsxamplgsinvolve human

inteQBRlont & afe Q@ﬁl@t!t[&ln!egg Eat fo%%s)wlwﬁletfglﬁ rcelttzhﬁ zIplpﬁJ:a@oﬁ Specific
a_checkbox an 7) whether the digital ink

copsigtaney ehgcks. sAscaieextensior  to diig the eg‘areab@ek@qﬂnﬁ grepatt |Hem can be

I N
de%éﬂe F‘l\ré?h:dﬁa“h% itiehg 9T§|§: %Qa’fﬁfﬁ HE Hlef?%j dé‘lli {51’1\4 glls%fsec;(f the IIJreslegce of
digatatiink putside the emplizittfichlg of the f@@oyo rofte th¢| fgnnt @la huplan ppgrator, on the

ass%&g‘%{{ bt tfleet)l(stef mw ﬁane &H&&? L.Ren%heﬁ@ f APRISPL iﬁ%fd? outside of those
regi stration
fields.

Figure 38 shows a flowchart of the process of handling pen input relative to a
netpage. The process consists of receiving (at 884) a stroke from the pen; identifying (at 885)

the page instance 830 to which the page ID 50 in the stroke refers; retrieving (at 886) the page
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server, and assigning (at 901) the converted conputer
text to the field value; alternatively determning
(at 902) whether the field is a signature field and if
so verifying (at 903) the digital 1ink as the
signature of the pen's owner, with the help of the
appropriate registration server, creating (at 904) a
digital signature of the costents of the corresponding
form also with the help of the registration server
de&H tléhsﬁ n&nh%‘?@t@éﬁ%"%ﬁnﬁte@ Elbﬁﬂéﬁt %3@%%@&&{6%8 Iﬁ%&troke intersects;
relating t correspondi ng application,
detgniniggi(pfgf S Awvha@lyS thet feamatiied elembntsoyeraonds do & di Gickdmdenicng lagid if so

K o) o PRI ST GO RRGIF mepne o

39pEihe a@@muleted digital inlpefith¢ Beld,cind deterdminiog(af wmhghqehaﬂﬂd is part
. A
or 3SR O3B0 G045 REOGTF D SR R oo

deanniemgt(atfwﬁmlmdmrﬂm dorghatt@i elanage torfegpomis toat hypertinlrefameht and if

o I SRRSO b BB o s

fiettiugl Hypatiek, api@ading (it 89@)%%1&&15&0}& 16 @igeedigichD Gt noE ite backgmund
e BTt o8y e 85 ureed Bk Bttt AP PRSI the St

pef, @k nampiied ibp thefrafimatitisdeaee. A duplicate form
NPS096- SG 38 command voi ds the corresponding form

| NSt afig@e afkhbReNd QLR fIeRShaadbf Steh BYin el RSk sﬁ&pﬁ/mqflgure 38,
e wth field val ue reserv

the current form S
WhHFNE Sisyma et el BRar SRl FUEPIeRAIRCE s ot i of B Tl
Thagrdche @hm@g BAleteraiifing Qut 1896) wﬁiétﬁdr itROHEIS h@blcﬁecks&mlﬁf@t 897)
tao an application. eset . form comman

Wf\?@Frd@Q gﬁgaldl?}f FRSHGH %cl%lfwwé FAREIETAA Rt SRR e value to the

ﬁemrcmec%eﬁaw@@t dst@mirid Dk %69)0@%&%& e1df RranekNELRNGA if so
h field values. discarded. The copy contains the

coOBSFDE (HABI RN IS SN Kb h o Qb iegPrTapatsteggation

serv @ BB Es@%H§1ﬁ Q&fﬁmw%el%ﬁ%@ SoRpREd RLed hepelkt valt@n aﬁé}l@atlvely
StatUS (0] e corresp ond I ng forminstance, includ I Ng

detgpining (it Pehedether thwﬁ@ﬁ isjasignatre fisld andaicho Vel inglis 03 ithe digital
in&Sthd Ellgﬂsltlﬂg of %dpeBQ%anQIr WithtRd Helip QF e gglfogr 4R | ﬁ{rﬁfb%eserver

Since a form hyperlink i'nstance cont ai transaction
crepiing (ah @049 goligits ﬁlgféﬁﬁurh abtheoplents phihe [cormesppndingrfotn cilsagvith the
helIB %gﬂ%ﬁggbtfagﬁﬁ er e %\}lg {/hg :?ngg ﬁgr;r/{e(??#plogte ‘fé’lﬁpa%g[ fkg matmg to the
corrsppandingrakplicAliah pid assigrenglag¥Sc beiia spadudethe deldniaht.ed

copy of the correspondi ng page instance with the

background field value preserved. |If the page contains
1-7a3foﬁ"?'ﬂ agrServep@emmamds form then the duplicate page

Conmen page Servéttcemplad i€ d c@dmandditidh is Birlet QScaN CHRMBPALe séver. It

res e(}. .
operates directly on form, page and document instances.

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

A void form command voids the corresponding form instance. A duplicate form
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page command produces a printed copy of the

correspondi ng page instance with the background field

val ue discarded. If the page contains a formor is

part of a form then the reset page command is

interpreted as a reset formcomand. A get page status

command produces a printed report on the status of

the correspondi ng page instgnce, including who

publlshed it, when it was printed, for whomit was

t he us .o Lt _cont
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a dupl'icate formcomand does. A reset docunent
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correspondi ng docunent instance wth background

ins{aapq jwish alﬁéﬂe%gwe@d figltt valhe pegerevpdeliithe %ﬁﬁ%t%@s aafﬁzyﬂf)bwert of a
forH: Biin ttllﬂeedt{pﬁ&% pz%@ %Ulﬂﬁlglﬁd ﬁqm%dra%%e&uﬁhéa%efoﬁﬂ I-BRmhdd. A reset

€ sane way a reset orm conmand does.
pagiocormmand prodeass ac ormtahdopy od ufbescoerewpilm& @agee pmtatlceo pith the

baglég%uﬁ& Ay §e\l/\1}l1é)élsctagjlgc|l gﬁt’hg sg‘%gqgr\?\thlﬂga ﬁj)% WETJE“ bpasfo G en the reset

['udi ng 0 pu en It was printed,
pagervommniand isasterpretadtag d resefrfdrm pranmsandt 4 getghgasigtus commnd produces a
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whp@gevas gented, ffmew:hobylt whepgpeed, sndcthe statns of‘s:mbrefmms cm:omahlh er is part
fthan on the page containing the command. This all ows
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tar gelt e %%g?d Eo&% wﬁlchc %Regra nonae\%%fg fet aég;vl l?a { nn’s%c%ﬁd with a

el enen design page “ser
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appl i cation-specific handling by enbeddi ng the
r el evisihén a pageinsaice d¢ dogivaed aviidl mmluésnpresehymeﬂélal whleck are

prigtreg ;an their na%vg ? gm 1Seear1 }:/}%Eklgacr Iaﬁ’p%grg gs etl s andan)éi cﬁeckmatlf( 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
forms, then the duplicate document command duplicates the forms in the same way a duplicate

form command does. A reset document command produces a printed copy of the
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associ ated with the hyperlinked group rather than
executing the page server conmand. A page server
conmand el enent is hidden if its "hidden" attribute is
set. A hidden command el enent does not have an i nput
zone on a page and so cannot be activated directly by
a user. It can, however, be activated via a page
server command enbedded in @different page, if that
page server command has its "on selected" attribute

coégsé?ndqngstéoggf%NQAﬁQanF WM%&ggunh‘%éfﬁ%e I(ﬂscgugi@cil.hlg the document

erred form each netpage 1s printe
comtelnpagfefotrmgthemhetreh:et dyotrhentreanamandelicts dltegfotnien thetsamns way a reset

for{ﬂio A SO acix Sﬁ{ goc%mgnt s%%us %1?1 l%: Brloé{uceg EI; ?)P rﬁgc{ rlegg’rt on e status

as a
of ‘t}rBI qorrkspmy:ﬁng dlr&ulhlag(msmnmj llmmdmhrg vdmn}llbbﬂlecﬁ itﬁwhﬁgéwasl printed, for
the case. roduces a copy of the

WhOm T Ve pfrm?ﬁi anﬂﬁ}be Staﬁ] toﬁgﬂyc 3“%5 i ?Ong mﬁec ure document,

such a ticket or cou on el.icit

cxpl RGPl ST P tolGa kiR ot G fhe command
op&auegloe thagege ddeyitifiedn by itha peiss canel: edlectichemittey thy éhehe page
co%?lgmﬁ %Togfgﬁ%agﬁ?lﬁg (g(% e{_c’ ﬁéﬁ/qe%'ﬁg gﬁlcwlfeglﬁoqnalg%lﬁftg l?)g })rmotg If the
targgd PapeC Ades@n contdin @ PdPERYECLBmE ST Eivntit far Pk @kasia@d page server

t, the netpa printer has a single button
cm@?@%ﬁgﬁn‘ Pﬁ“mmpﬁﬁgﬁgﬁressed it elicits a single page

con:qef%'f f E"Ii ﬁ%gg(‘j{\)%% g n%c@t%tg%{}f‘glsfggf (ﬁ{n:g{l% gmbedding the relevant

pagmﬁwﬂ&b;hmatewawhﬁﬁ alhyp&lifkedBiup. ﬂﬁ@ugaasraivef AbRGAtEsQRe hyperlink
net page network directory The help nenu

v
assﬁ?‘ét\??l a’étg thﬁ‘ﬁ?*‘é‘r‘%heé BiOER Fathe Ha PregHng S Rag® {r5tr egymand.
net page system The docunent function nmenu includes
the FOPRSWEREE et shpaentys hiddenyif dts Hliddan” 4tteilitq isspt A hidden

cofnhi el@ndht 8689 n61AYe A infut L&TeBn alPaidund k& EanSibiHe laawefed @irectly by
docunent A document function is initiated b

a usireld £ Jovevar BE AELAtCA NG amRehsersTenmgd gmped %1 n@ffy erepfepage,

if 180 GHFEREver cbitfinadl RiUS “Bf sefecRAE MR skndi cat es Wno
published it and when, to whom it was delivered, and

to whom and when it was subsequently submtted as a
1.4 Or MSTANDARD FEATURES OF NETPAGES
In the preferred form, each netpage is printed with the netpage logo at the bottom to

indicate that it is a netpage and therefore has interactive properties. The logo also acts as a
copy button. In most cases “clicking” the logo produces a copy of the page. In the case of a
form, the button produces a copy of the entire form. And in the case 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 servet. 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”.

When pressed it elicits a single page of information, including:
. status of printer connection
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The net page network directory allows the user to
navi gate the hierarchy of publications and services
on the network. As an alternative, the user can cal
t he net page network "900" nunber "yell ow pages" and
speak to a human operator. The operator can |ocate
the desired docunent and route it to the user's
printer. Depending on the dggunment type, the
publ i sher or the user pays the small "yel |l ow pages”
servigce f : I IS obviously unavail able if
t he prinf%ﬁ“fgﬂﬁﬁ%%Pﬁmﬁgggﬁint. In this case the
“erroy” H&QQ&ﬂkﬁ li,and the user can request renote
di agnosi s over the°Net work. 2. PERSONALI ZED
PUBLlﬁyﬂj&%%dﬂ%¥%mdoﬂ %QE foll owm ng description, news
is used as a canoni cal publication exanple to
illustrate persgnalization nechanisnms in the netpage
system A% ‘6"&6%"%%8\5‘8“’“."%1“13‘?98‘3’ used in the Iinited
sense.of newspaper, and ne azi.ne . news, the |ntended
s copemaeF i PRSI r e BRIRIREH B 485 11 "ialeRe poR
syst he editqorial content. and the_.adverti sing
cont e dsiEhhion et PRLAR e Rfle BEFBEHER oa Usi ng
di fferent .mechani . The editorial content is
personalmggﬁa“@%géﬂ%F Yo the reader's explicitly
stated and gqglicithﬁ Ga tured interest profile. The
adverti siPHg" ORI &MY '8 sonal i zed according to the
reader's l.ocalit d, denogr aphi c. NPS096-SG 41 2.1
EDITCPIA@“E%%@%N%&ﬁ%@ﬁWQﬁW“ subscri ber can draw on two
ose that del

ki nds, Qf ne saur ces.;. t i ver. ne .

Subl A S BRERRAH Bipiat (R mHE PleoSfe the Bl FhS g touching any
paddhiflide: deewmenf Ut k@b bOndocahént agigparg ahe futaidkd iefid tvden, By whom
. the publisher, news streans are aggregated either by a
it WFé\i&gE‘ﬁEPSr i wheyp angl when lfs‘tsaéé}?bsﬁw wgwgteggiﬁ é’aat or .

News publications typically correspond to traditiqna

nove pHiSePePaEs Eorubathesan: AUSYS i BT rioviEverF elfsieashy of
publ@afi®i YandRervitad biedlie RetwdrRWAs AR WRerh @R, fhe QiSeracan BWhe netpage

Ser%l@&; a cait@on strjp, a freelance witer's colunn1
netyole T9RW gauebiy, 3eleW RagsE A sPegk tq hman @ggfaser. d e gpprator can locate
theeteRdd docdiiént BRE Ragat RURE LeRt bAMeS Pey@ing WRARKY dRubhBR type, the

ublication of edited news publications as well as

publisherof Hie dgesraiheomathyeliop nesse s vist ®¥eams. By handl i ng
t he aggregati on and hence the formatting of news i
str eaﬁf help Rags s poYiopE tnayaifpplerify the puigise is, unghle tasring.dp thig case

thc@r6r 1ightRd RCAd tRANECh RERSt B ABETosREr i eRlork t
ot herwi se has no editorial control. The subscri ber

builds a daily newspaper by selecting one or nore
2. cont rPEREbNACZEIEMEBLICATION 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
publication are personalized using different mechanisms. The editorial content is personalized
according to the reader’s explicitly stated and implicitly captured interest profile. The

advertising content is personalized according to the reader’s locality and demographic.
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publications, and creating a personalized version of

each. The resulting daily editions are printed and

bound together into a single newspaper. The various

menbers of a household typically express their

different interests and tastes by selecting different

daily publications and then custom zing them For

each publication, the readeg)optionally selects

specific sections. Some sections appear daily, while

t her e daily sections avail able
fronwéw%&ﬂ58ﬁ§%§ﬁb“' Hég onllne for exanpl e, include
" PageA Glkscppgfstan d%tqnow:m inds" gl peySniuIcsTighose that deliver news
puleﬁhc‘SHsoé[hd those BUBAdIESShews stﬁfaﬁﬁ/ Whi\fé s publ LEGHT Q#e%%é’regated and
"Sports The set of avail able sections
edéfpslebx fhiecpublsher, e istrgamsotre aaereg%edt fither] BY dunews sqsrbls,sé@r or by a
N e R AR R R R
ang semsngiE s WIS MiteAETS o A gy prd \bieleab reg¢ aavednefwsrieed from a
nefv 5 Tbice A hriobh SERIZ 6 5‘#(.}% Rﬁ&@ﬁ?@&l&né apf'f'{eﬁ@Q%Llthm B0hrd, or the
nnﬁ|tor|ng NEws teeds for specl

m%ﬂﬂwqwneﬁmmr " i ppings"). For each section, the

reader optionally specifies its size, either

qgual i 'flmﬂetpegg/pt(bﬁc@ion sghastipporte theumblicetion afiregiied rews publications

; . ; !

as Wég‘i ﬁg g%éééa&é mu‘”i't? 6%}:{ Is?géag%%%b%ﬁ?&%mg gggg?egat?%%ﬁ& hence the
fomua;ingt@ﬁ nere| strefds gele(c‘tecg [direatigr byakhe teadwr, thorejver dv able to place
%centagm%ﬂ The reader al so

A Haéééé’)‘é%r"‘éhé%he‘g"the"""%e Bl arge nunber

Of S hﬂ'l SUESCI‘IF%I‘%'JR@S a Cgll HCWS?D?ID ﬁ% se%ec?m onel (11' more COPFt%H{Ing news

of [ onger ar 'Sl
pu()lmatimﬂj mek:léreatmg baopdsrsonsllmd tveaivd dfasach. fie r‘fBSu!itﬂlngiﬂp @ditions are

cle ma 0o be witten (or
pelff puf ol B, R GhPEnEnies” F vt e b el Sdovsehold
typi@ﬂlh Ieﬁ}ires@ #teir@iiffadént infestsond €istes bpteleethigyqiff@edtdaipyr @iviichions and
h hi | dren’ %land adul ts' versions. The appropriate
t‘?é?%@ﬂﬁmﬁéeﬁblected according to the reader's age. The

or ccane g B blafs i oles? S it SRR sane sctons

appdal adllyRkie YiheR @ppead OCENIRNTHRIARILPE dcbibiisel aidibt from The New York
ed by the S_assi

r|or|t| di t or
Tifjes e PF 2emis: m%vsa!&aﬁa?*’ ?ﬁed iﬁ%ﬂﬂ&k’ erBtonG, Sppinion”
“Bi@hRyanarSubeed”] Beschinolody, Bikd O8pckty”. OTHECEet oFURhiBBle §cRtions is
space constraints in the subscribers' editions. In

Sp%ft&tp 8 ebligatinneasi it the defahiuSisti at e, the reader may
opti onal Iy enabl e coIIaboratlve filtering. This is
t hen Hisgrider cano=xdsndithy dadly\RemvemrpraRrecreatiag CRstom eptipgs. cach one

drdvAfg oh Ay hbiBer oEAGWs @Fching! @ustom sections might be created for e-mail and

friends’ announcements (“Personal”), or for monitoring news feeds for specific topics

(“Alerts” or “Clippings™).

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

The reader also optionally expresses a preference for a large number of shorter
NPS096-SG



whi ch qualifies for collaborative filtering is printed
wWth rating buttons at the end of the article. The
buttons can provide an easy choice (e.g. "liked" and
"disliked ), making it nore likely that readers wll
bother to rate the article. Articles with high
priorities and short lifetines are therefore
effectively considered essgntial reading by the
editors and are delivered to nost rel evant

d L1y . i fi L
sr@6F SR BB it B ER AL HEY TR DRl Yraeg Crgslih in boh
shatoadtlompUbipisite supp@) thisqireferaner i cal | y. A high serendipity

factor lowers the threshold used for matching during

col | ahotratle vay kisd bewtitignh (oPeditedhin ﬂﬁfeteﬁlt veiEkB So fn‘atchrﬂfeexpected

sty e rior S PRRER Boang g FRLpdi veohs. The

ap@eplﬁwvdasﬁms sefl@!fdd&bcdﬁﬂﬂg t@aheslfa@&r (3 la@d Thefeadb bdrespedify a “reading
of the week. Th der al so optionally specifies

g% o‘%‘f‘%hstalfﬁs pf?&?dle?c(‘?lﬂ“érrtﬁl S]P%‘Eﬁl afi-thin a section, and

this difies .t riorities. assigned the. e ors. ..

The sP¥efids ‘}"H‘g‘ pigagad: ﬁemO@rﬂﬁ%? clectsh ﬁé% Pﬁl%ﬁlzs% bretbe gditors,
and BRh GUAREAddY 1B [GbRhd. By dtault M3l GR delFRG&IS0 GRReIR@nt subscribers,
. delivered. The reader optlonall% specifies a

11

in PSR pidffe alb:eetrmﬁ%m%@tégl theuibegipr erditiontges or
both. If the number or size of images is not red
t hen Priagss ilge Bels agRPPRASH &b wpder mropaﬂ]&lly f«lgﬁbtq °°élab0ratwe

ﬁlt@ﬁné qQWRIis [iRka Qb;ﬂfel:l Q8 afible¥ivhidh BhRAE QITHGAATR 16%Sli e, Each article
Al ternativel three of the quantit si ze and

WhRhpKises 630 cpﬁ@g@gw@ww& rSéme?symBéa%Jbu tne@t thand:pf the article.

Thg bRk cinel}f&l'lde Jnhﬁsyr &dde fe. pﬁ&:ﬁ’f’ hifesS¢ dﬁﬁ?&éd%uﬁmlhé it ﬁr%re hkely that
dates, tines and nonet ary val ues are | ocali zed.

readers ik} bashes frevatefibs avticlvnet her units are inperial or
metric, a local tinme NPS096-SG 43 zone and tine
f or medrticlsn with hjgdpaioridgsrapg ﬁ]@{y‘t lifgtiges e theesfore pidectively considered

esdeEAR tdadifth bPlhe G&l[b?é anld aﬂef delifbr&d tb Hlosttrélév!?b%{ Qb PBerQr

annotation. These preferences are derived fromthe

ge?d efhesreéuﬁp @ﬂ)ﬂoﬁlMl)bs)f)eQE«f:safP !;etrend;E‘ﬁy rfgc‘édicﬁth'éxeﬁﬁ'hﬁgveiy (e.g. do or

ficulties caused by poor eyesight, the rea
dow b sRrprisel 1), ox pupdrichles Aghigh @ﬁramdllpbfefaetpre Iosrst the ﬂaeﬂh@lrl geed for

maltth eg&'ﬂ’g 9511ab§g&1@ ‘fﬁé‘ﬁnr%?gf? n}%%i?%éoraﬁlﬁkécﬁ" fBre e likely that the

acc ess | Ion IS accommo
cor@%ﬁcbndpmgsectmﬁh@lllba igledtpethe readrischecafisdeapacpyibh dzf&tqnbwmnélplty

fmgggg;§n§g ?Qﬁ% &h@ Qﬁ%ﬁﬁﬂ%QQz g text encoding, is a

propert e pu |cat|on and not a preference

expr eﬁ%qgadf@y algohog db’t’?’aﬁ& p;?e%%g{cs of abt%uﬁﬂn?e@&?rvg%ﬁlﬁtgﬁggtion, and

can be con aut trans
this mpdificedhe pripritas assigsed hyuhes@gors2. 2 ADVERTI SI NG
LOCALI ZATI ON AND TARGETI NG
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
or smaller images or both. If the number or size of images is not reduced, then images may be
delivered at lower quality (i.e. at lower resolution or with greater compression). Alternatively

all three of the quantity, size and quality of images delivered may be adjusted.

At a global level, the reader specifies how quantities, dates, times and monetary

values are localized. This involves specifying whether units are imperial or metric, a local time
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The personalization of the editorial content directly
af fects the advertising content, because advertising
is typically placed to exploit the editorial context.
Travel ads, for exanple, are nore likely to appear in
a travel section than el sewhere. The val ue of the
editorial content to an advertiser (and therefore to
the publisher) lies inits gpbility to attract l|arge
nunber s of readers with the right dem)graphi cs
zone oeglgl nli%ﬁ)gﬁ%v gnrélt IT% u:r%g(g/, gcg glh&[;'er tpe lcicghzats on %onsmt of in situ
trafladdoh 0F dnyiotadonD Ihetse pmfeaafncenem/demsd frasretmlréaelexsts letatity, byatethult.
particular interests and concerns associated with the
I ocaIToceaaimmirdaymgndjff&nmbsr e@auved tby Mmyesigﬂn,i th8 reader optionaily
lFek{g er al erestsr{F\Y preoccupations as - ...
5o eF 2,810p3 ?@‘eg‘k?eli?&‘"‘n R EFRS AR ‘S (S8 7% °
acddRBigl) bed fetsdhfommdtion thuctoniBodaddd efi tick ipage. " space”, a
mul ti- dinensional entity determ ned by the

publ iTmatliRoag ig dhaDive ;ﬁalwceﬁage published; iani itd Lortdsponding text

r ade,rshl its rea gershllf) deno a hics, g the g_alge
DLAEE AY A %IB'I%f thegpubdeniian dé}oﬁ@;f’ “F%%?‘PFFSTEE ydhe Pyever
thel iBpaB@ s PRae B c6FloLRD 16 Provede ARG fnti®N services in various

approximate nulti-dinensional size of a publication's

eSSt eabl e advertising space on a per-section basis,

taking into account the publication's geographic

coverauq, R t he section's rejdershig, the size of each

7 caddiVE §'§@'ﬁ"tﬂ?%@f“?'95ﬁ”n 4ER=FBAder' s adverti sing
pr opdﬂlem@ﬁonaélmmeaiéﬁlereéa@reqi ‘cgnterd diregily aplatte the|advertising content,
S

bec%ﬁ V s l?% %gbag% gg&eed{{% gzlp%lt %p ?d daﬁ%la:%xgtgxt 'Yr‘?t{?eq Q&sath Q%ple
arededzra illkqu anappedr limasrasdredction thpm elsogher The wthoa ctf ehesaditchal content
1o a Qc?vel%ts%erl (ymc} heliei’orr]ee f£ tfh gbhsﬁ%sgg%%néé Etﬁn:)b a%t?:lcg la el neu’mbers of

rue var g or exa
reatikrewsthmr@ﬂw@nﬁog&pImgs "slot" can be sold in varying
proportions to several advertisers, wth individual
r ead difgctipaglestisiag i:kqﬁ:hcyd e ¢l hasi g)f tldvelity chué demopeapbivs. Iafcality
detﬁ%rbeg Iptroxbrﬁtly epéﬁ%%lgrageg\fl%fs,t l’8tal grﬁt% a anclO : e?cgj ét}r'/ %nr'g sésha%d concerns
assoghtpd gaihs et lemal adohmmltﬁ dvié rdnivisénngnt Mddeglhaphike determine general
rect uct inf ofLmatl on and online

I
*mﬁaﬁﬁcwgﬁﬁ%awp?%n? v SRS Sheodil bR Finsi ¢ val ue o

t he adverti si spac use son atl on and .
| ocal s 2EPF oIS RARGH AOALE I E I i oG o multi-
dirpinbibhat adntignd@amnetShy ik pdbliestion3i fogapide e;gaetrage, @Rnsize of its
rovi de arbitraril Eroad over age of raphy
reafershipr ks erpHp emostoRbios ABG e pesn .%58@ P
effi C[I ent because it
n 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,
taking into account the publication’s geographic coverage, the section’s readership, the size of

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

demographic.

In comparison with other media, the netpage system allows the advertising space to
be defined in greater detail, and allows smaller pieces of it to be sold separately. It therefore

allows it to be sold at closer to its true value.
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automatic. This makes it nore cost-effective for

publishers to deal with advertising aggregators than

to directly capture advertising. Even though the

advertising aggregator is taking a proportion of

advertising revenue, publishers may find the change

profit-neutral because of the greater efficiency of

aggregation. The adverti singy aggregator acts as an

internediary between advertisers and publishers and

may e A

publ Plf:ogt e} a]]hglg @Qﬁgg\%r ﬁ]ﬂ tgﬁgng %‘r%lg 1p|"§ érﬁa%mpomons o
searal edypagerspuit indisitdnd meades’ ﬂzagesrrmdembommlmxg the hdvart@enent of one
ad‘Pertls%F or an'(;)th?r mﬁ:ra(ﬁ ﬁé’lsgrvin%e ebjg‘?ﬂos otnro'ffl op e soli]cia ta each advertiser.

coun se catl vertising

Space’r argg s?s?e%? 213 ws Vglrertlsmggcn %rél l?r&e& glrectly tlg edreiéailed product

conplex nego betWwee
infaohvagiot iasd nglmggm&lgang) rIs thambr@ rkidels slhaernmnsichelqa rafftly nda@rtising
formof the netpage system provides sone autonmated
Sp%upport for these negotlatlons i ncl udi ng support for

aut onat ed auct i dverti si ng space ut o ion is
o T Gsg o PRl B e OBRaRe AlRIRIY XY héipage
publébasidit ctene :aili adwh’:?mg ag@'ﬁiﬁftc&tcﬁn :pfmgide agﬂﬁ&rﬂj/ $roafl coRERBWRS both
such as s or. hi ocalize adverti sements. ..
iRy oo DS TES L UGSt ARG R by o eea Bieause it is
aua@fit) Tak naikek ielbleSoftlRfectne Vs Ibhbl&ﬁéfﬁﬁtdeﬂﬂﬂthraﬁﬁﬁﬁﬂﬁg dgbregators
on a_ net e ad server._Correspondi ngl t he publ i sher
thﬁne@oﬁla@ﬂ? rf%pwg?da F‘é‘él&&eﬁYeno'i‘i‘o‘H% be ediertitipe ﬁa&%}&é is taking a

pradeRioh @aLdveRisHE kteiiue, ﬁ%ﬁﬁheﬁshﬁayﬁﬁfdﬁ&g@la@é@réfﬁ%%ﬁt&mbecause of the
server. lays out each user's personalized publication,

greater pificjeacy ?feagsfégaé\?a n%%?&veé?wgs%%tgr 95 AP Hederncdifyhpbveen
ad RSt RIaMNE publidheds, MEay Rk kleEane acﬁzeélsérﬁbfn@fnrfﬁhhﬂg publications.

Filtering The personallzatlon of news and other

publ i &t yQasndi@h s a@ﬁla%eﬁﬁi‘ﬁ%rﬂeﬁﬁgé piliciDB can be more complex
NP3096- SG 45 specific profile information, including:

thag, 3} plagemesh it (lag epblisationcnyadiione) sepsteararty deganse diej pglication’s
adWBELAY SpacE MNLREL Bl [WniRr Ba&HAthE O I%%F;l%&ﬁi@& 88 nddMiations

custom zation of a publication is typical
betyigpn pdvartiserh-adpaidsing aggreatiors sod pihlishegs, &wmf@mdu form of the netpage

syétem qfrme'so%rde aﬂ&hﬁ&ﬁ's@ﬁg ttﬂ@ser&' ¥ Bﬁs niﬁél@(ﬁgf support for
Ot ok 06 Befif

pu i cat1 on server. A col rative terl ng vect o
auigwAisil grctionsf ofapheertipgngrspaser Autpmgion ¢f pagtion lan desirable foe e 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
ad placement on the relevant netpage publication server. When the netpage publication server
lays out each user’s personalized publication, it picks the relevant advertisements from the

netpage ad server.

2.3 USER PROFILES

2.3.1 Information Filtering
The personalization of news and other publications relies on an assortment of user-
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items. It is used to correlate different users
interests for the purposes of naking recommendations.
Al t hough there are benefits to maintaining a single
col l aborative filtering vector independently of any
particul ar publication, there are two reasons why it
is nore practical to maintain a separate vector for
each publication: there is Jgkely to be nore overl ap
bet ween the vectors of subscribers to the sane
g%bli%g on % mbﬁtmeen t hose of subscribers to
SPGIHPEY %W(HW@F|Ca 1'ONS; and a publicationis likely to
want to % ﬁsqp%c ts ugﬁ%s col | aborative filtering
vectors &% BgFf 0P P& V8l ue of its brand, not to be
found el s§ éﬁ% aborative filtering vectors are
therefor§0 g%“ﬁh (' 'aF H86™by t he rel evant net page
publlcatlo r. Contact details, including nane,
street a&ﬂ?%zgam | P Code, state, country, telephone
nunbers, are ﬁjobal ré nature, and are mai ntained by a

nel page PESTYIPAPIEHEE ver. Presentation

preferences, .including, thase . for. ant ties,

P! reatennaepbin 86 o Hehages bttt e dhe el ne
cudBiizatibh entb@@tibi &atai@ancfbyalehreletant halghet plitiliesionRervéie

locality indicated in the user's contact details,

whi | eAtchlﬂhbbﬁﬁgfﬁitdi?@lg akctadaomkitts oF (g vsatd AangGrof patusbaadf news
i nf or mat 1 on such

birth, der, marit al :
e ol Tl oGt LGB Bt TP 1o e AP 1o, Pty raking
reddRke@kibNE ALBHGER th&e a@Ehensfal GEmAMTAininCH Eﬁﬁglé aa@eoraﬁw ﬁltermg
t hose users who choose to reveal personal |nfornﬁ on

vegteyy ingdeReRIqUELY joh G wRISGEas Publicion; Hietsr g8 feqsans W

pra¥Béd kAR RinDY seph1Bte VBLEVBNEach BLINRGGINF 8RS liRdly be more overlap
server. In the absence of such information,

betgerethe vagtergolcabcribert toribrva Publicelin thaieivegh thopef subscribers to

d1@e‘?€ﬂ9 %ﬁﬁ&gﬁ&lsaéﬁ%bxﬁﬂ@glow it Mkel} RE wHHEH pheséilt ptsQfserZ" cﬁ))ﬂéboratlve
Each user printer, application provid

ﬁ“ﬁﬁ’ég é&fpﬂrs saparont the vale 0§ fite dprangl.snai i be fimiog glsewesre ¢-ollaborative
fild R ok SN bR atscARnthNE REhPRUS i AGtbate HakIlcAonSeRYET

mai ntai ns the rel ati onshi ps ‘between them = as shown in

Fi gur @oqnte%il- detAR; in€RARR ‘Hargé" strgéi’ radc[r@@ | b r@db Qithtd) UH RS ERlephone

a publisher is a speGial kind of application
nuphery.ageglobahbidnatirg ahd e sraingmindddy 4 nglpageiregistielipfyscoer-

application. Each user 800 may be authorized to use

any rirriseiation preferengesrinelgiing thess dorepanitisn idafereand tigy, are likewise

ﬁﬂqpﬁk cWSErs to use it. Each user has a
gk%%%gﬁ%%ﬂx?ault pF?ﬁte ‘(at 66), to which periodica

publ i f tlb&i‘i}i ti3h Bf QE\JeH}égxgqgheQ%nqg l%l:'ilfty mﬁﬁh&:@‘n AU’ s contact

printed on demand are lTvered to printer
detafls, odih thertargktinginé adeeifsiniggeliastor paxsenah glformh@onsselplve?rdate of birth,

|
ge{f&? plgarh last?'%ust né:x\@g, ep?pi@éﬁ Ifg %Etg‘og? Iﬂrn#lﬁa?'.fatl éaﬁerg)ﬂ gsh&leg age

rartgeasd mmmerlang@rd the I D of

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

the user’s ZIP or ZIP+4 Code.

Each user, pen, printer, application provider and application is assigned its own
NP5096-8G



any particular printer, but instead resolves the ID

when it is required. Wien a user subscribes 808 to a

publ i cation 807, the publisher 806 (i.e. application

provider 803) is authorized to print to a specified

printer or the user's default printer. This

aut hori zation can be revoked at any tine by the user.

Each user may have several ggns 801, but a penis

specific to a single user. If a user is authorized to
unﬁgeg lélgrhtl IeL, an % ﬁme netp%e re 1§rat10n server maﬁ%mﬂ%% reltaﬁ{nﬁlps betweea them,
as tlowinde &igares 12, 22923 a&tﬂaﬁnﬂomgst%nn purpbsics, @ publisherais aepechy kind

of fopr en G a6 Fiﬂ%]@ﬁ“ AR F%Sapelﬁatﬁevéﬁtfqgf. e
t
ven” b unad R b itottsa e bR ftel ety i} SGpginter

mab falyVs i OnuintbeDE us€rd VIBA it lch Wsep hdsiat sédleaiafalih @rimes(aess), to which
ne printer. The netpage tem can col | ect
PORSGHRA PURGaton i HEYET<g PG Rl Wi BB AT d e QEi TG dfyered

to the GafRr MRuER Ghich tRugk lpmtﬁracﬁﬁg ITB8 Seriidt ikedpe ehackbftWhéch publishers
provi der'’ sﬁprlnters Such cl ude

cone
a et dutisriagg P B o Biersgtc seRepliptinre 69 ol it poord the 1D of

anf PAARSE pANSy, biNfkteall FRPISEGhd DNwWheAgSis réqtmédhe printer is
owned by the user, then the user is the printer

ProviwWeén a FRE h]b's@%és 0836 alpablicatisies N 2Ge pASIRRHBL6 ﬁ%oapphcatlon
which is used to accurmul ate mcro-debits and credit

providse BORS's pHBYEed de priptdad SPRitifePriite & d#lwgsebafleaf@flhmter This
auhOafGt el b AvoRedl Bny tiChyubE 1QGr. FAG Rer ﬁ%ﬂfa@@ Sevad ens 801, but

t el ephone nunbers; gl obal preferences 816, .inclu %h
a peRiiy Regific g p isipgleyiseinlf a ysecialaptharized o swt paERar @ﬁgﬂer en that

prifdResenDEs PyORBk i sipekor ds 817, containing the user's
encoded signature 8f% fingerprint 819 etc; a

handwgct béﬁglmg%eds%glo@éﬂe QPR RbdrinTPhsE RIIIRL R ARE by a
system and SET paynent card accounts 821 wi th which

pagicglanipiagerepiayFion sgveayia the Ditede the uNpbpas- SG 47 2. 3.2
Favorites List A netpage user can maintain a |ist 922
of " fAVdeh tasinal 809 phasbe epthpsigedifo adRiMTeh Pattisylar netpge printer,

allt’:\bﬁl esn%m%age-rg&u}nklﬁg eh&uﬁﬁl‘eﬁt @drﬁ@dw*ebf ﬁr@@smg to be

sys?en1o he user” s behalf It Is organized as a
cotnepienthcimintegfonftiel ngeness netpage painisr-ef erred enbodi ment  of

which is shown in the class diagramin Figure 41.

2. 3. 3lh4 setpay issm Tire cgllest. epn Preedlie ohH yjrlnfar rreHiges, Fes and

co{ﬂ%n?}s&‘saﬁ%/ %A g%&m? %e%ﬂhl%ﬁgﬁ‘ ﬁﬁ:@gtloﬁs BEJ}Q& %1 hﬁf‘id’éhggnnters Such

cunents etc: ccessed er t
indoing ¢ret palyde syjwirgamg Ifges,i ghql;rtganghz {xﬁs,ag-ccanmerce commissions, and

transaction fees. If the printer is owned by the user, then the user is the printer provider.

Each user also has a netpage account 820 which is used to accumulate micro-debits
and credits (such as those described in the preceding paragraph); contact details 815, including
name, address and telephone numbers; global preferences 816, including privacy, delivery and
localization settings; any number of biometric records 817, containing the user’s encoded
signature 818, fingerprint 819 etc; a handwriting model 819 automatically maintained by the

system; and SET payment card accounts 821 with which e-commerce payments can be made.
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date-ordered list, a preferred enbodi nent of which is
shown in the class diagramin Figure 42. 2.4

| NTELLI GENT PACGE LAYoUT The net page publication server
automatically | ays out the pages of each user's
personal i zed publication on a section-by-section
basis. Since nost advertisenents are in the form of
pre-formatted rectangles, they are placed on the page
before the editorial content. The advertising ratio

r o' an be achieved with wildly varying
ZJAgvertqvg %egs E-Pgtl os on individual pages within the

sect | dActpagadsyr sen Aaintainaolipt 92 o faveniss e-)g)‘r}kbqot%eftllmoguments etc.
on 1€ ne@AQOSIIN it BANGIAHHEHA Oy M BRI SPuRAILAC BRI It is

osely tied editorial and advertisi'ng content, such
orgglzpi @i higgarglepsoffiolders 841, |amg3fqmgl@mbg¢1mglg@é which 1§ s|h9wn in the class
m%¥ h@u#ﬁg jpubli cation because of a special feature
yoursel f roofing repairs. The editorial
content selected for the user, including text and

2 £§SO0G] QE&Q Lllgfages and graphics, is then laid out

accong§ 9 to v us aesthetic rugﬁg Thghent ﬁlf

pr oceSs, SYFHR PIF . Swﬁl@tag@ B 28 S2 GG Hghalls containing

linkElotdobhridhtOdtc. @ik RA ibgtlthe @-,elnmm@h tmtpa@eesyg&ﬁr Btecrsaned as a
t he | ayout has converged, .to g g cl os e%y

ot SFicEpaioh Ere Lo SMEORG SRk (LS %ﬂr‘% iagram dFiure 42.
The section size pr efer ence can, however, be matched

n ver age over all om ng si gnlflcant day-t o- day
Z%arijy FNiﬁée YWENTFCRNAT Once the docunent is

| ai d Bhet netpage ipyblecatiord satver outearfafipadivelars etsthe ippesi cfreagingser’s
per%glga%kec‘d;ﬁﬂii?atlﬁﬂ 3h 39Ec - bg@gctﬁﬁtbggg iR gdve;[ﬁgne ts are in the
primary e

I'cl ency nmechanismis the separation o
foinndforerfuriated speoilks, they areplaced ergthe pags before thaléditonsl coment.
i nformati on shared between nultiple users' editions.
The smcadwmsing\ﬁsag@ BEcU@ can bk aeireted ovithowillly varging fdvertising
t he P he f [ .
ratH% on ﬁ(g%d?aq 3{3?% ] “\f/\}-l];.l H’é Q%‘é}%g adélg tfl)cra %L %1 fgg)ﬂgxtms&a)lo% this. The
aldonithinu dl aogfi gmmigtesa;ctergptap kb¢sateaigelpitied eéltcmfal aghadverfising xantent,

Su&g%[%gaglél%t%ng or po%{ {%%mgxrilglosr m%lca ythEt‘helﬁ BHe pﬁghca{s gnag%c%ﬁ%ﬁiaa special
feat@t 0g db- h@oﬁxélﬁmsﬁ:kg epaBy| es heet Language ( XSL). XSL
provi des precise control over text formatting
i ndepEreddibiial caftert heeateigfoothe s Gnalidindtetthrad hertiated images and
ei ng provi ded by

bei n et, . ich.in this
Eﬁﬁﬁgﬁqﬁéngﬂ‘$E%”?g§?t%ﬁ#@&i“@%ﬁ{ 'S enbedded | anguage

codes._.t bl t I t

hypheli TOR AIHEE PEOar S (Rpar abAdpA e Hant g, cdiora
content, must be iterated once the layout has converged, to attempt to more closely achleve the

user’s stated section size preference. The section size preference can, however, be matched on

average over time, allowing significant day-to-day variations.

2.5 DOCUMENT FORMAT
Once the document is taid out, it is encoded for efficient distribution and persistent

storage on the netpage network.

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

NPS096-8G



An i mage object encodes an inmage, preferably in the
JPEG 2000 wavel et - based conpressed inmage format. A
graphi c object encodes a 2D graphic, preferably in
Scal able Vector G aphics (SVG format. Other formats
may be used for text, images and graphics. The | ayout
itself consists of a series of placed i nage and
graphic objects, linked texflow objects through

whi ch text objects flow, hyperlinks and input fields

R AR T R
whithetbe page tigpa edfers dndimtingsidiagabdrephiicay and pfeb i of relxt.

di stribution and storage. Table 3 - netpage |ayout

0bj ecA sext abjedttcorfibing fublyifernfaoedmatt, pieferably repiesehied ke the Extensible

opject i Position_| ect 1D JPEG 0 .
M g AN e e B D R opes PTG SL provides
prebR¥ bértioNover xRnRattifgiideparatentlyedf theabji@Cihtol idickivhe ¥&lis being set,
WS i @ e ige Ry e oo o ite lyeee
codes@o BGIMaNmatt S4iRIARLT | 6iNeMbeddes ByphbiRtoahiai e aliGFith paragraph

pur poses of efficient distribution and persistent

formaingge on  the netpage network, a user-specific page
| ayout iis separated fromthe shared objects to whi

ch
it refbimage\ghisst snodtsEy [8e RSPl aif tBh ITIEC 280 yayedet-based
compresbed ihhRUloaht. ANGaphed PRE® Abtaki 6D BRphic, preferably in Scalable

Vector Graphics (SVQG) format. Other formats may be used for text, images and graphics.

The layout itself consists of a series of placed image and graphic objects, linked
textflow objects through which text objects flow, hyperlinks and input fields as described
above, and watermark regions. These layout objects are summarized in Table 3. The layout

uses a compact format suitable for efficient distribution and storage.

Table 3 - netpage layout objects

Layout Attribute Format of
object linked object
Image Position -
Image object 1D JPEG 2000
Graphic Position L.
Graphic object ID SVG
Textflow Textflow 1D -
Zone

Optional text object ID I XML/XSL
Hyperlink  [Type -
Zone -
Application ID, etc. -
Field Type -
Meaning -
Zone -
VWatermark |[Zone -
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server allocates, with the help of the netpage ID
server 12, a unique ID for each page, page instance,
docurnent, and docunent instance. The server conputes a
set of optim zed subsets of the shared content and
creates a nulticast channel for each subset, and then
tags each user-specific layout with the nanes of the
mul ticast channels which wikd carry the shared content
used by that |ayout. The server then pointcasts each

ser user's printer via the
ppre%?+@%§“ﬂ§'éﬁéﬁﬂ@£ and when the pointeasting is
conpl At descrifit apeygs fos pumeses KA pBigienioligtbitiop and presistent storage on
hSREGEL hHoRNANIRLRein bh R ey chPE Sl B0 ALHRors o which
each page server ‘and printer subscribes to the
itnefgrs i cast channels specified in the page | ayouts.
During the nulticasts, each page server and printer
ext r abhen # sehserihed publidation: tiseadyt to g reistiigesle thebjetpeges publication
H&f RIERL Katn e el of Ot r
> per sllrost gegn%‘?ty %r cet] [ Seﬁfg Eeﬂp?%cel S\%revé;r gﬁﬁ%gje gﬁtfgp%éh page, page
instAngg, ddcugsnt; ek doc@néng mstarashni ques for dlstrlbutlng t he
data nay be used. Once a printer has received all the
obj ecths seryemrimpiites psetpdgetimiydsrtbsety of e sharddecopientnd creates a
mtﬁt?ca cﬁg%glsfort ngh g]H)'SAt anH gr[%H lt%ts g&h g %ﬁariﬂq%ohml the names of the
rasterizes an CI'rcuns
mltlﬂmstmhamtetsrwlpch wtlls cqmarghq; slfagesilt @ntetﬂh@nd bhéhat @amtbféhe server then
pom?ca?]ts eacﬁ serAsl'tl)he sqg that qsefr‘Jl S tgrei‘rgtergwa € ag?tgglga?e PaSgF cs:é:)rvert ?{1 when

aver ag
the4ﬁ)cﬁMEhst1ﬂ'g1$ q@mptetee lrnud:masts Hmrﬂﬁle-ﬂ eoﬂteﬂt cnithe epecifisd cldondlQQAfter

Pt b g SN B o 3! QU G
spaifeedpage p@@r laycﬁfBCD[mﬁhg thdinglticstseefich p@geeéltveﬁ aﬁd AofBxanhcts from
dat a .per, second, which is.simlar
o Fllzadthirat 08 Kt BLRAERY BrSpdgerdar Brouts (1D rpes servers
peﬁi&%ﬁtlﬁ abihﬁradlfhaﬁ@ceﬁ@ﬂ VRAEK laybiie Mind nliered albrieiitM&ther techniques for
nces, . such as when the printer runs out of

di gﬁEPg gﬁPgmyP?W%?y that the user will be able to

repl eni sh the paper, s efore the prin

100 58 e PRt FRE 3t 0B 1o ok e St the priner
re-EiQ¥EIBE fullyfpopRe iy dut &d then (AR QLBAdndpEALGY does fill

up, then the printer will be unable to nake use of a

mul tiGakf nekhe didcuhitin®és, QBE Wrister PHBts NRERAGRter than they can be
gubllgatlon server therefore allows, printers to
sRigequartsr f each Pags)it sqvered ¥ith yipagss. theaveragegpgge has a size

of N4ERR A0TKE. AU @RLiSr dafi thB&FEe BRI iR lexcedPSI096 w6 pales iR its internal
timeout occurs, the server re-nulticasts the

C4MEB meaqsH o i E Serdpraeprals Pulers ete Heriater Bratinwarate §f one page per

se&ﬁ& Mitr@Gis equitiidnPEcef00& B br Qﬁ&ﬁl gf}ﬁlt%@ F@é%ﬁa pgyﬁl:élﬁa'tvﬁlcl@fs similar
retrievi ng it ayouts and Conten S

to the gkg‘hgqt] éxgeép(bmmqf pwgigtagigh‘(p@f over a broadband network.

Even under abnormal circumstances, such as when the printer runs out of paper, it is
likely that the user will be able to replenish the paper supply before the printer’s 100-page

internal storage capacity is exhausted.

However, if the printer’s internal memory does fill up, then the printer will be unable
to make use of a multicast when it first occurs. The netpage publication server therefore allows

printers to submit requests for re-multicasts. When a critical number of requests is received or
NPS096-5G



2.7 ON- DEMAND DOCUMENTS When a net page docunent is
requested on denmand, it can be personalized and
delivered in much the same way as a periodical .
However, since there is no shared content, delivery
is made directly to the requesting printer wthout the
use of nulticast. Wien a non-net page docunent is
requested on demand, it is gpt personalized, and it

is delivered via a designated netpage fornatting

a t1‘?’11sﬂ:{)l}llt(:‘c‘)rccuW%1 Itt%lgegv r rg ! n'?t c‘?’lsté {he %(?rre%por}ﬁ}ng %%?ed O g fém:" nt.

or mat server tance of a
net p RUDI | Ca} I on net Rage
e P Bt Gl st L PRl SR 2y time by

retfiovinppitspagd lapdutschind gontdmsdb@n the Raeviasiplage @o@urrent For mat
(PDF), and Hypertext Markup Language (HTM.). In the
case of HTM., it can make use of the higher resolution
2.Df t HON-DEMANR DOCHYENTS present Wb pages in a
mul t i wh&l WiRphey 0Rume igh'e(@egﬁ@(p b dfhakDnt SRl 5o érgonﬁﬁ‘iéd and
automatically 1nclude all b pages dlrectl Fln ked
delivgradHp npush tsstapg wiags 2 PrRedicd HOwSYRE sipa thergi i lg np shpagrd gpntent,

de]Weﬂ/ @ rRIEHRL 8P ohe LhRNRIPARE Wftﬁlfu'f@lte LW gl nmekes
tandard net page behavior, including interactivity

and PEhe asﬁ&l%ﬁ;a%@a/&hdn@rﬁ |1sere%st@@ ¥n béMaRH, fl?fs ngtgﬁe%ﬁélfzed and it
no matter s orirgln and fornat.

is elbigred g aoﬁeswmtfds metmged@mm SEY rfﬂtl‘éh qu@’matﬁoit tgs tahaetpage

doﬂ.ﬁc?ﬂ@ en &fnaﬁl %]rbé‘r is Q&b GnsDALESLhS ‘r@%\é Bf’i!ﬁ@anon server,
es ge o e netp systemfro

The eﬁtpees%m@ttmsmm hFS(lmosvlqigeRngWt Groppedeapky inckding
r ; i Of t

A PABR NG TR (), bf¥ IR Rk Bilflfe BIANEHS he

caserodiBlAdL. iopan Milerusc af thethighecteagstin ctffthmrymdqglgamﬁpresient Web

53 p? gﬁﬂr%g dhiwE fPH'ﬁfﬁ CY ol aﬁg%ﬂ&%ﬁ%@&ﬁ HXut@H%ﬁQ@ﬂnclﬁaé‘ﬁYWeb

pageh dacoylpﬂlo@dapﬂly _recﬁethfdaiagek e ey phdgraph yshaabsioa a preference.
referred to as symmetric cryptography, uses the sane
key tthee netpagst famdttidgcrepypt makeesdagerd Tetpagpabthawsr, including

mtera&wnté? oe)lisg %E%ga %1}% ez’oil %?%fntekmé Eioc]é;ln'{)ﬁt?t 1%1!1 e{f’m gt IESOOI’I gin and
foramy iﬂﬂm@s aqniwle,dga b differehtaiocedent ﬁ)rmais from mhtthie r[etpage printer and the

ryptogra e NRS096- SG 5 cryption keys.
el oS RR S I Tt W T ER ey S O Ty
t hat any nessage encrypted using one key can only be
decr%ﬁ&%%TQS|ng the other key. One of these keys is
"t hen ['shed, while the other is kept private. The

Pub|IC key is used to encrypt any nessage
3. CRYPTOGRAPHY

Cryptography is used to protect sensitive information, both in storage and in transit,
and to authenticate parties to a transaction. There are two classes of cryptography in
widespread use: secret-key cryptography and public-key cryptography. The netpage network
uses both classes of cryptography.

Secret-key cryptography, also referred to as symmetric cryptography, uses the same
key to encrypt and decrypt a message. Two parties wishing fo exchange messages must first

arrange to securely exchange the secret key.

Public-key cryptography, also referred to as asymmetric cryptography, uses two
NPS5096-5G



i ntended for the holder of the private key. Once
encrypted using the public key, a nessage can only be
decrypted using the private key. Thus two parties can
securely exchange nessages wthout first having to
exchange a secret key. To ensure that the private key
is secure, it is normal for the holder of the private
key to generate the key paig} Public-key cryptography
can be used to create a digital signature. The hol der
I L S
endBulelerd TR I KORorf ARy JRE IR gy mossase
enkggted weineomme keyrant dmdgnbw@m’ryfnpd ukiag the h)theehem: @pt efithbddays is then

glosﬂéc’(}at“é Ulﬁ%ﬁ'e ogﬂe 1sskegtnasvlé o ghe ﬁgl%llceke 15 useld tP en wgltgfgt:ebné' ng:/ssage
mteheieﬁ j?cmthd’igjldehef tﬁmp&ﬁg&&tl«eﬁ (haﬁhndtﬁptétgusﬂghbe bkt key, K @¢ssage can

er i the ag S nessage. . I f the
onf 5 ol B Chta Y3  THE DpeBlisy G (RED, fhabie messages
withe@l st ingfio bhdaipess@get k3N TV @hduky thaothd ptikaé k&hB secure, it is
e i uine and that it has not been altered

nof“i‘fﬁ ?‘i’glﬁé}ofdmgefpdherﬂ%teﬁ%ﬁol genegals the kexpalir aphy vvor K,

there . has to be a to distribute ILc i ch

pr e KRR ¥ ot beried tq wenlp H%rt 35186‘6‘1‘1’? s ﬁ@dsr of the
priE kiyf daGatate ARdwh Bhidhl JfiaGakQge il QT drlchypthe Aash usmg the private

certificate authority is a trusted third party

key dympen R Hiee ¥ertly hag G presptedhashrensiisuss te p"’l.%‘la'f"ﬁe” L?é&he Qﬂl&er of
theSHHBRNRy %/1th Gapdck Eoythat-gﬂﬁicﬁlﬁlr tbdshdeak Qle@y bt thd sheMBlel hh@Susing

the person's |dent|t¥ by exam ning identity
thed@@!}?rﬁ%t and verfyingimhash aginst thy fepssee Hfsths S’@P@P‘P a$ appended to the

me‘éﬁ%& Ieff el Gt r%mpi@ﬁrbtfﬁie%éggtg& b8 REASRM tﬁat'tl‘ijeer%sb%# sd%hfﬁhe #nd that

ublic Anyone who trusts the certi
lffﬁﬁlﬂﬁé’ﬁ?ft%}te@éﬁl@@éltt he public key in the certificate

with a high degree of certainty that it is genuine.
They Tugtkenppblickey grptpgrgphy erk tthase bes toi e aonsetorfligribute public

kef,/sn\gﬁ@lg ppe@&ﬁs tctlllpgpsggatlkaﬂ 'Fﬂ?? 130%51%' &k %smgtéﬁrtll‘ﬁ(:étgsy and certificate

whose public Key is well-known. "I n npbst "transaction

aulbprjiies ofy reertifisate putherity isetrustedythird garaptvich sutbemtigaterstbel cenpection
beﬂegﬁL?ublfy ta‘?lh s&héﬂﬂ %e%ﬁ ge E&nﬁ&‘t‘éﬁu‘%ﬁ&hﬁ%&ﬁ%@% epé:rson’s

~secre ses on keys. ecre key cryptography is
identity Byl bxoptitieg idsotityolewments) atuh ghenolréateni and sdins qudigitd reertificate

co%?ﬁ]ng rtﬁé Erg c& ldeﬁtltg%aﬂg gn& Sblﬁelgegr ﬁr&d’n@n@m ﬁ'ﬁgtso {heoJertlﬁcate

e ween a nhetpa ter - and a serv
athnIaw cag Meﬁathbwuhlapbee'ms thes cetrtnﬁttatet With prhight dagree Gﬂitcantmﬁy tthee it is
gelgumet ﬁée lelsftt%ate% tE:) A rel%ygd& hoerci,eﬁqlca tase ﬁ'ld%e}q \évelmt sggnregfb§ ‘e Ctificate
au&@MyBMﬁhamgeckemsmmﬂkh@mcert|f|cate to exchange a
secret session key with the server, and then uses the
secr éh is®s sﬁnmﬁoe;entnmnmemsymblibhey mepiegg@yd]atoaiy wsed to create

digit?éflgﬂ%ﬁp%(sle Stﬁ OSF%%]}II fre]:% 1}% secre Pssegggn I?eys gecre? %ey cr?gt%gragl;hy is
used for all other purposes.

In the following discussion, when reference is made to the secure transmission of
information between a netpage printer and a server, what actually happens is that the printer
obtains the server’s certificate, authenticates it with reference to the certificate authority, uses
the public key-exchange key in the certificate to exchange a secret session key with the server,

and then uses the secret session key to encrypt the message data. A session key, by definition,
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3.2 NETPAGE PRI NTER SECURI TY Each netpage printer is
assigned a pair of unique identifiers at tine of
manuf acture which are stored in read-only menory in
the printer and in the netpage registration server
dat abase. The first ID 62 is public and uni quely
identifies the printer on the netpage network. The
second ID is secret and is gsed when the printer is
first registered on the network. \When the printer
onnect to t age network for the first tine
carg]?atv‘é?n?r ety E?'T gﬁhg it creates a signature
public/private key pair. It transmts the secret ID
nd t relytothe net page
?egl Sﬁg?&%bh&g?ﬁ§gﬁ@ﬁe server conpares the secret ID
agai riégeh pefpage pripier israssigned @rmair of prifuscidprdidigrsj ah time f manufacture

wmt@@%ﬁm AN AP RbRoh g tfu,e it Al @Nhd Bet&@@ rédration server
mat ch It then Creates and si gns a certificate

datebase. diba ifing) 1P 198 ippyblic end wnignebi identifies the dripigbr @e netpage network.
Thg E&Hl"f]cf Wi s&ﬁ;{ ana(tﬁggsed%&hgﬁ o pI'd‘?t@r S Bkt l'e%lsfe?etd%n ey deRork.

regi stration ase e netpage regi stration server

aCt S BfierAng Bkl dofifch 1St AQKh k RP1R30S Rt RLAalati

si nce ﬁ?ﬂﬁag l atcrcgss t cti sec?%tée g‘&)r mat |{ on al’ O\ia\lnﬁng S?a aHon
it ¢reatesed pizyatye ipnbley/privderitey tpir. Whensmaitsube seosei JBcanid e petdic key

e

sediy By WSl R0e (RS St HERHED chpd0p SRR sgoinet the
pritter’ psacwt N} keeorgerbihits détatmse, tuod atc:h@tajbelregstrat@eﬁfahn tDs match. It then
crep {es an {1%1%ra caertﬁi%aetg ggrlaeta%glélg Ec/hlee:]ptrﬁ et’s @{c)eingaglg lﬂ?ﬁ;ﬂtgig‘?‘lgtme kte?, and
stomart}tel cetif@ante usthe regrsdatlcm dgabpsed by t he publi sher using

the publisher's private signature key. The page

ser véPhevrem'agé e:gistrwtioa sher ace:g assd catifione deliiya e netphgt printers,

sm&aﬁ Pgs agtt:ess {r(:) SF%'et 1%f8rma%18%| l?own(l)g lft,l %e\?erlkyﬁ;'tél[eﬁ la(_glétl erver

verifies the ur.e u3| t he pub |sher ubly c
oy, itneng PUBRRRS L PRl o 7 el 7 e ptonee

regdidiratidh gerved glagbasatavthoriziag ﬂba;aﬂash'Eheo prtirag publication to the user’s

istration s er. ac ts,re toad rintin .
el nBbiet £ BrrTid BlinBe TR0 SREET SR 1 A Pt Pl erver i
addregjete & & paftieulaidet ahd ¢ sgrad ébyr.‘tﬁdﬂ pﬁlﬂghe&tlﬁfn@dhd putilidker’s private

rinter . 3 NETPAGE PEN SE Rl TY Each
SiERP TR D GUret SRHEP B oo GO e BE pubfsher is
aulbbii£l tb SdeliSérothe Gublcati®R @y @l YpebMOD luferi Thé MRzep SRveRNErifieh the
the netp é‘ge regﬁst ration ser ver dat %base The

ID ..
siggaturg istE s Pubdehst § PPl Kekertiatipd diom the pﬁ'é‘tSb%f@eceﬁgfce\% sfered in

the¥efiStARBH GatARL. Can "know' a nunber of netpage printers,
and a printer can "know' a NPS096-SG 53 nunber of

PeNs. T RQRgCRABMHIE dr@§ a¥deh r@ubdid 10ta8d pititig duthéibafions to the

frequency S|gnal whenever it is
database, so long as those requests are initiated via a pen registered to the printer.

3.3 NETPAGE PEN SECURITY
Each netpage pen is assigned a unique identifier at time of manufacture which is

stored in read-only memory in the pen and in the netpage registration server database. The pen

ID 61 uniquely identifies the pen on the netpage network.
A netpage pen can “know” a number of netpage printers, and a printer can “know” a
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within range of the printer. Once a pen and printer
are registered, they regularly exchange session keys.
Whenever the pen transmts digital ink to the printer,
the digital ink is always encrypted using the
appropriate session key. Digital ink is never
transmtted in the clear. A pen stores a session key
for every printer it knows,sjndexed by printer 1D, and
a printer stores a session key for every pen it

nu%F%}lo? gengt 3 ngrb oeon%: arﬁlpcg{ée V]t% a Iprmtgr v1 a%l?e e@ueng% arg%tl wlhenever it is
withor gege af the $sinten (Daey agen andl @ester meoemtb:yd ubgdregiiarbi exchange
i f nece ar ran f.q. .
sessiop et "ebi\g% PEh ‘%H“ﬁ erfalirrﬁ”éoo&s ’\‘Rﬁé&ﬁee ‘g"“’? i s always
end Qe lﬁa@hhrﬂtpbﬂ)bnatb festibieyeydDiRithl iknieweveaGisaithke in thé s,
the printer determ nes whether it is supposed to know
t he pepen Fbiesa Iﬁés@lbﬁ kQEfor feﬁtﬁ'y ﬁﬂlﬁﬂﬁt Bnovkeinadesse by PEntpeID, and a

belongs to a i's ISI eg to Uﬁﬁ tgﬁﬁ
PrpET iPIEF @ SqSpiop & rrrrrséren i kRO ok 860 Ih&opiehivpadaree but
find@ 88t caphdi§Nfot bessibrkdyk,ah@ Svill hﬁg@uts@mh ik6y PIeR least-recently-used
regi stration procedure. If the printer isn't nmeant to
ba%%%ﬁ??ﬁ@ypen then it agrees with the pen to ignore

it until the pen is placed in a charging cup, ch
time Ween ¢ s roareég‘ﬂ%rremr&'égqf@tnﬂaqu dhe PFcind dipisr drsrpver whether

theg Qelb iR Jilder. 1t hePUSH 1 nolWlRack SBerP@Bn He @hﬁt‘eﬁ&et@mﬁﬁQ (Bdther it is
ey -exchan&e ke%1 The key- exchan is also
°Ppb This

suppatedriel Kepy tnblalgtévef fey Pemple g%‘husg Erewrsh belgRgsfina eser who
is Rlistetd¥Bo Qke HEBIMATRCHE WeCprindd it Rdardi 88 kadW el 15?:-[1 but hsespenhen it
transmts its pen IDto the printer, and the printer
lnltlfr't%ﬁn@martgmwrrepege*ﬁglrtr:atl%p@ﬁ@urre{fﬁbgenmegwst rﬂa%nr gnknow the pen,
theﬁ@tréé?eres W-Hl] ﬁm%@ﬁ %qgnog@ﬁ] ﬁﬁtﬁtﬂ%%eﬁl 15%?&%@& AR ch@r)ém& Qﬁp, ait \ﬁﬁch time it
printer and pen to use, and securely transmts
lm§@§%$®wgkeﬁﬂmoﬂpﬁ@“prrnter It also transnmits a copy
of the session key encrypted with the pen's
key- &g @ﬁ@rﬁge tokigy publip & pipe mreronﬁl@r%@creh key-axelpapokeyk dle key-

h
exdnBh &’ RG) déf gléc,g g?%ﬁ&q RY tile ﬁ%tga‘”g@ %?strzﬁ'ﬂg Jeﬁ/%ﬁ%gﬂaf)a%etd?enme of

encrypte ey to t e pen stores
magefggtingnDiing jegisieationd thy per tr@remetol ithpert He tqpthe priater, |ap] the printer

tra@rﬁlg(ﬁt’ég&PQD tsllﬁ'ﬁ: rtégaq%ﬁcr%glsﬂrz{{ﬂﬁ QQé}a’rrf e Rnl g nerqt EQ%GQ%H key for

regls ion pro I ea
themmetes asigicotp dloe,yanﬂ seenesiH ttatnedltdjzye seh@onplrewm the prn\Meh abo transmits

a cg,'f;ﬁéf o %é ol RSl f)ipfed itPES pie 7 &%é{c%aﬁgg Eei}e ?_Feegﬁntért stdrs the

Iimte
sessieny iksst mteem:hlipumdékﬁd] bjameqﬁh Hp,e{mdlt&nnmitsyhabﬂcqmead stwiobdey to the
est . I"i( n ne g &lg user and pen

pel 2‘5 B APFANC Fovai eye%erraé‘af WEFI B HERMELP t o whi ch

th t { I

o CoaRELs e pRCDaBPeSSiie e S el asai ey St oty o
1eMpmmmﬁd&hﬁmﬂﬁuokmﬁk@eymeﬁmm&pgﬂ@pnhecause of hardware
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When a previously unregistered pen is first registered, it is of limited use until it is

linked to a user. A registered but “un-owned” pen is only allowed to be used to request and fill
in netpage user and pen registration forms, to register 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
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performance constraints in the pen. 3.4 SECURE

DocUMENTS The net page system supports the delivery of

secure docunents such as tickets and coupons. The

net page printer includes a facility to print

wat er mar ks, but wll only do so on request from

publ i shers who are suitably authorized. The publisher

indicates its authority to sprint watermarks in its

certificate, which the printer is able to

t] . "wat er mar k" printing process uses an

p@g eﬁ%ﬁ?ﬁ%@gﬁ?gﬂgﬁmﬁgtrix in specified "watermark"

regi ons of the page. Back-to-back pages contain

1 11 Ok rk regions which coincide when
3"g]ri n%’%ﬁ@%@o%ﬁﬁﬁamtri ces. used in odd and even .
pag es! PefgthagsEysiem Sr‘l@@‘?r@ﬁ%e deliyery el iSEﬁ"fEf-'od‘l%m‘fﬂt%ﬂ‘lﬁ’é @s Hekets and

coligdh€ e mense f{nft&(iﬁclﬂﬂwﬁ thdliRy k& R NSatmBrkY, BBYWRALI only do so on
t;%ether, achi eved by | ooking through the printed
e

R diom mpdishers weq areguigabhy pushoriresl: Thattlishurindisaiestifiuthptity to
prinSwi@maikk § B @rite8, ditHhO SRl 0o AMBentBhede of the
page, and is |ost when the page is copied by nornal
MeansthePaQRSmAk” ML pROGYNBAL & CRANBYe RELE ARIEH in specified
using the built-i'n netpage copy nechanism described
“WRiSIIBEE fegipnsiofdheae g dlackriprcle pagenenptainmiesyinang wekTpareegions
wiXh QaRRIGHAR G, PROIBRPRIGISEs us8GH 8d A0F B ages? Watermark
typically generated as part of e-conmerce _
regionassadesigormsto pTivlye ar inferierraretftrcewhacthe theionh erepdrered dogether,
adﬁagﬁggﬁﬁgﬁ%ﬁ?%%ﬁfmﬁﬁm&ﬁgﬂﬁied when the user registered

lonmetric mat i'on Wi th the netpage registration
Ser Vefy, eﬁ%ctq:{asciﬁ‘lﬁﬁnﬁgq v}aﬂaréﬁ“ﬁ tnL’fﬂQt igis .n}ﬁh\nglg Wél‘?f&)ﬁg% Wy O‘i‘lﬂ’ one
a secure netpage docunment, the reciplent can verifty
side pEthe pagehandtis lositwheh thepegruie stpiaddyinpynat ngengs i n t he
usual way. The unique ID of a secure docunent is only
val i Pager of lecure flequingets glannoh ebedowinpdeving thedbuletuneipage copy
. .ald - f
g e e S e
phegle@wpress. docunent  verification pen can be devel oped
with built-in feedback on verification failure, to
suppdieture dggumepiart typialpyr esentedas gt deewmertce transactions. They

C Y relreffcl)rg al{;]c!h?d%'thg uge?ysl Mlo{(l)gll‘ah ev\;hictl‘lh\%asv@z}lpg&c{{ia \Evhennﬁlg utsg“eregistered
USEr"s phot ograph ar'e séctre in a cryptographic

bigefranfofiipn siithheynefpaganiegitragios seyvrr fas desatibadlis Batibe2t 0
casual forgery. Online docunent verification,
part i Whénapteyentedi with aa weentef nat@ize Glocypmmf, the owdipies @n verify its

dded level of securit where | is.neq%g%, but i.s .
Ry hEYShinBhe BFHbh e UHET Pt gut Pul S REpogtnBgment
only valid for the lifetime of the document, and secure document IDs are allocated non-
contiguously to prevent their prediction by opportunistic forgers. A secure document
verification pen can be developed with built-in feedback on verification failure, to support easy

point-of-presentation document verification.

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

where it is needed, but is still not entirely immune to forgeries.
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3.5 NON-REPUDI ATION I n the netpage system forns
subm tted by users are delivered reliably to forns
handl ers and are persistently archived on net page page
servers. It is therefore inpossible for recipients to
repudi ate delivery. E-commerce paynents made through
the system as described in Section 4, are also
i npossible for the payee tosqepudiate. 4. ELECTRONI C
COMVERCE NDDEL 4.1 SECURE ELECTRONI C TRANSACTI ON ( SET)
he m uses di e Secure Electronic
35, andiebREfukEh

ransac I on Sy stem as one of its
syst eftsthe BﬁPageh%(@thﬁg foyae sutgaled By asrpgre B’(f‘é?dcaﬁhablaﬁ%l forms
haa&ér@ and §re %ﬂﬁ{éht@ye&cm%d%m%tﬁgélggg@ seﬁarsdr«é is ma@fomn&ogsm for

| ected in the term nol ogy wever,
13%@@F@Wﬂﬂ§dmpﬁhhﬁ§hdent of the type of accounts belng
used. O her paynent systens nmay al so be used. |n SET,
car dhorHepYcaPRYMERP dlaghthsough fiesydem.gs dpscabeddp Segtiop s are also

im glggrfb,tt}{eﬁg,ge@ WSubiagued with certificates containing
heir publi ¢ signature keys. The certificate authority

verifies a cardholder's registration details with the

4.card g syRbNIESoMMERRE Mo, and verifies a nerchant's
registration details with the acquirer as appropriate.

o £20 SN ARES: BAL IR FhARS AT ol 1 respectve

private sSi secur

n their conputers.
Dur i n’é}*em@aﬁa%téwusiﬁrtb% aeyre Elﬁ%f@@lé Teanpsaqtipp t\ng)TéﬁSé% as one of
1tstbi§1ﬁe1ﬁ%yﬂb&ﬁ§16§ﬂ’[¥ h@HBQ%&tn' GRLIBpR BEMabRRtar P Rth Vlsa is organized

car dhol der, and t aut henticate themboth to

arqyad) AR Ay thlSETefh’a@d Hohe parinplegh Haweyst é@lcwoﬁ@le yystem is
indRBnlabf oPRE RS Bt £ROARAHE s POMELHIRER s§’sftenh<s%(a§; ald used.

certificates is conS|dered burdensSone. I nterirm

sol utf, @Rg WRHEReRBhhS L &t Ogilé}' W8T a J@ﬁ}fﬁate @ﬁ}gorlty and are issued

certlflcaies on a server an give t he cardh
withceesitfipaigs gorgaipiag shadr publhia\signpfste Keys. hTIf@ocmﬂ;tlﬁcst@ cﬁ@é@gty verifies a

-Iidéa '05% §0111 Het&ﬁe\mﬁleﬁ'lp 48 1s§¥e$ta§)g(%})tr§[;§1afée rﬂa\%ﬁf ies a merchant’s

regl stration server acts as a pro e net page
reg;pgr@nor( fetalls witle theaacalitsr de @ppropria8E Capthyldenstand merchants store their

e onthei . . te rocess,
M ABTAE Nt BP0 FLETATRE PELL kA s
theBe cattigieattsh aresyssd em mguglynaltiasedite thaekharend | @rdisider, iasd to
autﬁigh%cé[’tgﬁ{einsoo%ntbltﬂerb% pgLyre. consisting of

I'Me-varyi ng pen pgﬁrgﬁ

V&hd pressure. A fingerprint

bi o magﬂ"ll fas %gt@epﬁeég aat())%teH %v?tgely, r§9 gecaﬁS gcaS_rgholder maintenance of keys

and certificates is considered burdensome. Interim solutions which maintain cardholder keys
and certificates on a server and give the cardholder access via a password have met with some

SUCCECSS.

4.2 SET PAYMENTS
In the netpage system the netpage registration server acts as a proxy for the netpage

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

The netpage system uses biometrics to authenticate the user and authorize SET
payments, Because the system is pen-based, the biometric used is the user’s on-line signature,

consisting of time-varying pen position and pressure. A fingerprint biometric can also be used
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by designing a fingerprint sensor into the pen,

al though at a higher cost. The type of bionetric used

only affects the capture of the bionmetric, not the

aut hori zation aspects of the system The first step to

bei ng able to make SET paynents is to register the

user's bionetric wth the netpage registration

server. This is done in a cgqntrolled environment, for

exanpl e a bank, where the bionetric can be captured

: t] . rsS. | i . [ rified,. .

by bl ARl o RE e Fhe SR i olafl 3P bl o 86 e bometrc
us¢daglysiffeats itt@rvaptate ol the @jonleirivk ed theauthhegzatiore pspscty eftior gstem.

The user's photograph is also optionally captured and

| i nk ebhetfosttstep te bang gble hheakSEET paynadnol gl er registegths tigeet biometric
ol B 5 PR B PR oS BBl o cxampe o
batlatvhb@gBe bibhetridsed bs cqpayedenithecamd tinkf BrifmiiseOn idestita isSwrified.

TR A PG BB b BH be§ r

Thp ayeis photodrhphis aled b@dnalfeautel endistked SuBNietial. The SET cardholder

supplies the bionetric,to conplete a paynent, for
regd ﬁ‘b‘r Boctsy ISFHITY anh B gE g R pigAHpre e aﬁ$ Critifiate are
StORGICH IR JatdbbRNBKY sbrd PuymeAtd@rd ihRbRAEats SR stb8@ @R the Betpage
and the bionetric data to the netpage registration
regigialjel} serygfeenoEghy dpformesiog jte ack b M5 BYRs mrexy (i gy SET payment
trah@sect to the user identified by the pen ID, and from
then on acts as the user's proxy in conpleting the

SET pauepint uiek anamely @pplicd i hidkdiR BASNERIES phid@ent, for example

net page system i ncl udes_a mechani smfor ) )
by\tieang Apremerder foan. 4 B HecuRbe ranseits i qsdskidprmation. phe pen
DGR HREHohAic Bltd B th Heth QERhHCPEHIR NS @V ARRREMh @B’ metric

for copying copyright -“docunents, and possibly also to
wigh) eepgettth Eheiserridengfigeby b RS aad from tespnarsises theauersertoxy in
coﬂnﬁletilﬂg,fthé‘ﬁ]&ﬁFay?r@ﬂﬁ%ba:%ﬁ&g material . The |atter depends

on the | evel "of subsidy already provided to the wuser.

When the user registers for e-conmerce, a network

4. CCOURlcrRbP BadeRlPs | Shed which aggregates
' receiv ) enment

m cr ozpa nts. The user es_a.stat on a
regul TP T5HRE Y aRdTIRT 8 giPTAEISE G Miste SRAREg g e vser o
be badvamelyihamael fohpriming habacdt dmyaranit omdatadhusitor cbpging copyright

net wor k account .ca ext ended .t o aggr egat e . .
oty P FEmEh e Portoucltp G o o TR icrpepssg ngorred in
priofilyeidverigndBatpriiR SERIARr Epehidion igatvel 8f dubGdyf MerdyQirovided to the

i ndi vi dual statenents. 4.4 TRANSACTI ONS When a user
Ufequests a netpage in a particular application

cont , the applicatjon is able to enbed a. ) .

user %ﬁ%@ﬁ%ﬂf@%}ﬁ%ﬁ § BROTURFIEY 4 PELYPRE ageqyat is established which
g SPERER GHEBpay it TR Wseekivich 8 siRRBient ohRSERAGr Bisis, and can settle any

outstanding debit balance using the standard payment mechanism.

The network account can be extended to aggregate subscription fees for periodicals,

which would also otherwise be presented to the user in the form of individual statements.

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

able to embed a user-specific transaction ID 55 in the page. Subsequent input through the page
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57 is tagged with the transaction 11D, and the
application is thereby able to establish an
appropriate context for the user's input. Wen input
occurs through a page which is not user-specific,
however, the application nust use the user's unique
identity to establish a context. A typical exanple
i nvol ves adding itens fron1§7pre-printed cat al og page
to the user's virtual "shopping cart”. To protect the
is éﬂ%g% w‘?th%e traglg%:tlglglg’%"g%r{ﬁ? ‘rlﬁ'lg a;gpllgatﬁg 1sat§$relyy a% e ta Qstq191sh an f\%/\;%ropriate
cmappmmdmnmaﬁsmm1h|s is to prevent dlfferent appllcation
providers from easily correlating independently
accunwhat egubehaws akirabghdat gage Thiacinét paig@sar-sgricEics abvwover, the

spRErELRd e e RS lE iF PR &bl P oampre

invoDe&addirpSitess dhom 4 ﬁreiﬁhgﬂddi eatdddg padh enidy ater’s tihﬁialuglﬁfppmg cart”. To

activates a.h rli ed W th_ t "re tere
Pt RS PUYRD S cp SgUs iy AP 00 ot i Berfsipegystem i
prdf&@jlﬁ hﬁt&ﬁhﬂ’g’bd&@ lép{iﬁbatioﬁs Uﬁﬁﬁﬁf@r@ehﬁtﬁff&éﬁ@ﬁpl&hﬁgﬂl providers from
atlon | D 64 er the pen ID 61, into
easaalﬁ Carei g epgentacdl “if’éedl%g\gl"éorﬁlﬁé‘ﬁ subnitted to the
hyperllnk s appljcation. The pllcatlon mai nt ai ns

st at el enPYPHESL 1E81TH NG o SEBYET b‘ﬁ}st%ﬂ | qeinfals an, anpnymos delptionship
betwRbd h Q%L antb &l apﬁﬁ@\@lblfl Wia aSin@fue alla{%fIDrGSHisl BOwMM F18ME 24. Whenever
know edge of t global identity of the user. The
thegyse %V%IPSS% hyperlinkdpgeed 2thithyy éﬁ%ﬁﬂéﬁ% atiribpie; e @gipagege server

asi rth%f&&g@ fe%ﬁﬁfﬁt%%eﬂ(z@ﬁ/to f@hsiRamb a@tm:ﬂe& w;cﬁm ID 64, together with
Ilcatlons toallowit to SI rg_:glcatlon

theyTon H3 AbifiB A8 2t 1B @Al alits IDethe b thige Brpeylink’s application.
appllcatlon specific information. To assist the system

in rolhei wgligation deintyay statsdaforupey indpypprk Py jafiger ID, and is able to

retfe @b QN stdd B fordEneRHLAAbIR I JrQlidbhEdentity of the user.
application on behalf of the user for any nunber of

pr odugfe %88 Siso nﬁ@:ﬁﬂn@ﬁﬂnﬂ&@ﬁdeﬁf‘céﬁio@&%& ip@l &8 sivhdnlte R8y for
appl i cation prOV|der t he s§%éen1na|ntalns an
eaghcRf Guiser orphetians tol! Oé’aléF? AEAPP Beatipo HansaesipRsey behplp of the user
usﬂ’}% Blﬂﬁl l%ﬂhcﬁtfbn%[)@c%émﬁprgatf%ﬁb' t the provider for

hrough”fees etc. An application provider can be
a pubtd sber by SRES ﬁlqgﬁtfﬁg pro%:ua%gx LJae QU@ ﬁgrhnkﬂzlgtwatlons the
systen1records t he user w I lingness to fecelve the
sysiqbreerih averith ppntiaation on bdglfwé thie uges ferjgay meut;@eeﬁm@riuct types.
frequency of publication. 4.5 RESOURCE DESCRI PTI ONS
AND d@PYRIpalifption gs efciated withowi arnhicatioh providerogné dhe system

maq'gﬁs%rg eglpatgh&ﬂt &l Benalf gf' &9h Q}Sthgtloﬁ IiSPdMHef 0 ﬁcgvuirt o cr@(ﬁt and debit the

provider for click-through fees etc.

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

expected frequency of publication.

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

40.
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58 Each docunent and content object may be descri bed

by one or nore resource descriptions 842. Resource

descriptions preferably use the Dublin Core netadata

el enent set, which is designed to facilitate

di scovery of electronic resources. Dublin Core

nmetadata conforns to the Wrld Wde Wb Consortium

(WBC) Resource Description §gamework (RDF). O her

met adata el ement sets may be used. A resource

descr [ entify ht s ho ders,920. The

net pa%agltl sd%s Héer‘ﬁy a'é%tc?)%t Ob%ﬁc ma¥ r gnése %}bgd co pci?F’ i 0gr ht'f d&g1ree
defcnpmnns $42. sRescmrafel Ghdriptibiel pdﬁ‘emblmeentha mbk‘m {ore mietadata element set,

W dbhed BOBTRst SRisrogupl mer e BT oy DY & nis Mgfedate

comfeSiSamete bWbME EWide EWEH CoRSrtivnh (WBE) Reiqa@eD&y St Framework
R@g)t(ltles S%lch as pens, @lorlnt rs and servers utilize a
(

Offyer mgadaia,el vl cooper atively handl e user

i nteraction vvlththe net p ch, prqQtocol is
11wk B bR SRR He At Vi P aystem
auldMElica 07 trahsferdl bdPpAGt Btes ifiSmUied 1 agliteﬁéle@e WhelBSHBAL copyright
flow and the vertical dinension is used to represent
cofffe. Each entity is represented by a rectangle
containing the nane of the entity and a verti cal
colu represent| the lifeline of the entity. During
(o bR

5t he WHCATIPNIARRATACHE  the lifeline is shown as a
dashedl doinmanic@ipns mgot@qo)é defirpe aanordered teychiangeach imgesages Hwtween

em!it.kefs.eini {ﬂF nie a%eh ntﬂleggﬁl l eJnL nﬁlntéla’se G 58 etr{lﬁtlhze a set of
prot ocol s consi ere ere ‘create or
detrpdipratesls th tdopbeimely lande vge n@r@dtlbywabl thegiaipage spgems.oon
as an entity ceases to participate in a protocol. 6.1
SUBSAREIPPa@NoDELIINWVERY] PREGAEOGOR Smupmefcﬁ«'rgrmd inewlniold thedotizontal
u ' e S ovvn dn Figure
dlrﬁ%lSlglASl;ﬁ LPS%& lid h}rgfg&t 91%%551 ﬁér/“é Qﬁrﬁg @19@811&3%1 dlx sl is) i§ Bsed 't represent
timpekach dnmalls lppﬂatein’@dfoy tamecteiﬁgbhomtsmmgshe radletOIf dr entity abtba vertical
coﬂuﬁllﬁ g'e gel:‘lstentgnl Ltﬂc%% me f tgca &nt t1tynB[5]L¥in%5t'I%e tHBT gnd %@ftyo%ast%/m Iji%e léfehne is
shoij &ct @ashe'ﬂhmesll)inmgrth@tlma an detity wercyive tiet lifelble it kie)mafa@ faglouble
. delivers, docunent structures to indivi
ing oG s BEEOSR ST s 8 maf etimE sk EHEY Bk Bipep o
gemrdllyicaeshibrt asldven ayyplehti@tckaes 16 participgelil 4 mheegl. i r st
obtai ns a docunent ID 51 for each docunent froman ID
server 12. It then sends each docunent structure,
5.1 ncl 8lrsgrRiFrONOELIVERNPRDPO@MA  page descriptions, to

t he pagRsRE YfhodkRenk @%B&h?ﬂl& delber} Ex%tog&qym%% irPFigure 43.
new y allocated ID. includes i1ts own application

I Dt 644 1&1‘@@ nSHRS OFR&S nﬁyaéubﬁﬁbé B g%en@d?cdal tpnﬁlcﬁl%nem user’s
set of
edition may be laid out differently, but many users’ editions will share common content such

as text objects and image objects. The subscription delivery protocol therefore delivers
document structures to individual printers via pointcast, but delivers shared content objects via

multicast.

The application (i.e. publisher) first obtains a document ID 51 for each document
from an ID server 12. It then sends each document structure, including its document ID and
page descriptions, to the page server 10 responsible for the document’s newly allocated ID. It

includes its own application ID 64, the subscriber’s alias ID 65, and the relevant set of
NPS096-SG



NPS096- SG 59 nulticast channel nanmes. It signs the
nmessage using its private signature key. The page
server uses the application ID and alias ID to obtain
fromthe registration server the correspondi ng user
ID 60, the user's selected printer ID 62 (which may be
explicitly selected for the application, or may be
the user's default printer)ggand the application's
certificate. The application's certificate allows the

mu?t?c%ﬁ cﬁ:% gﬁlramteg It s?gtng Ih\é HJGES%%&IFS%% r1§alt¢9£l %&a‘t‘”rce kefyal-rrg Pag e

|on server

the | ng

e SR ASPLLTE P BT o 881 U g st
seraét| the atrespoddiog nentD a@; dhepagés selesibapmﬁed IDéze(wﬂzcn mayvhe ebeplicitly
seleCQed {(Q‘alqe aP}?hca{l?lﬁ ngesnz{Syhe i gl Lés\fl:lé 5 ?leéglé prlpgau rzlild the %ppncatlon $
camﬁanmel nanmes for the printer to listen to. It then

returns the newly allocated page IDs to the

appl i Tetapplicafiars tditifivae dlefveempage serven Enevehﬁ,ethe message signature.

| ti h tri but ed
g DR s o e Seditrator et kg e APl Tl o atigy 1 dont

todether ideltdy anibs@mpgen 888 vers, it nulticasts the various
subsets of the shared objects on the previously
selecneqmgubﬁﬁaasﬁlﬂh@m&m&ﬁumamhhdp@genﬁﬁkvemﬁmmhﬂwwmﬂsﬂw

nters |tor th propri.ate_nulticast channels
SGrptiansy ol fag pose Lo T G BRI MEBYBE S FoloppR ety gulicast

ch&manmabi@rﬂ@pﬂﬂﬁﬂba@@n&he previ ously poi nt east
document structures. This allows the page servers to

add coimph fhendBEsvENIfochSd pdpeIDs ©datealpixRtion @ARAINIré reference.
allows the printers to print the docunents. 5.2

WPERMCNKthé\CHHpH&TbQ\ha?F@IMd AlpbefiRs racunedib Qguemiet to the
of a hy eéfnk actlvatlon Protocol i.s shown in Figure

sl bers eleeied RESES Y FEEISAE e STl PR thecyapiicubsets of

thePBiked bE)EctPANhE PRIWBINIER IR IiRictdt biaineld. BothRgdRANeRBhd prmters
net page printer 601. The click identifies tﬁ page and

moaltwdb%\%np&?ﬂeﬁ npuficay gbramely prd repsiverthely regyired seRfent ﬁbwsts tlihey are

thelﬂDclb%l tcpf) d(ﬁ\ih@e Hfénprg\ﬁSHQyt 5@11?:@2%9 d6QIRREC §thféﬂ1r€@r hRQ Ca@lt)ws Tﬁbepage
printer term nes, via the DNS, the network address

serygrs {<h addyeuplee dqramentp thﬁlarﬁlauabaﬁgs erbitpHpys g paiptepalggrint the

doddderR: The address may already be in its cache if the
user has recently interacted with the sanme page. The
printer then forwards the pen ID, its own printer ID

5.2 tmaaaﬂaaﬁdc%vaﬁ*@uqdd&bcbpcati on to the page server.

The page.se age descr|
i den tﬁ ?refe(ljre% em{;(h ém%na 8% a lilleeR activation pr(ptoco?ts sf?own in Figure 45.

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

printer already knows the ID 61 of the pen from the pen connection protocol.

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

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

The page server loads the page description 5 identified by the page ID and
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NPS096- SG 60 determ nes which input elenent's zone
58, if any, the click lies in. Assum ng the rel evant
input element is a hyperlink el enent 844, the page
server then obtains the associated application ID 64
and link ID 54, and determ nes, via the DNS, the
net wor k address of the application server hosting the
application 7 1. The page sgjver uses the pen ID 61 to
obtain the corresponding user ID 60 fromthe
de{e%hé \Lrﬁéﬂ lggft%r%{?&r%‘es zéées §§“}%n%gﬁe cli LLQS%?ZES%U%]HE L0 rafevz%ikmput
elem&qlﬂsathy%ldnk él'dlmnh%ﬁe theipage seagithst olghias the dssagatadmmmcatlon ID

o« 1 hf L P ffrtbiond e PHRT hpPat SRR of FEdil i forer

hoﬁhgﬂ&hmﬁm@ﬁonhwperllnk I nstance 862. The page server
then sends its own server |ID 53, the hyperlink request
| D, an }iabteselnien ksek Bhetpan IIDIGI apgiitdic dieiconespditting user ID 60 from the

BB G B e STRSIE S SOSUnER 255011 19,4 B

hypellidl esguan 9BD BIRY NgperlihR . rechfestt HeRn Eapnas if RowlOMURRGE 440 The
onsi bl e for the

th age ser Ob res do 's .
hm%ﬁsr‘xf%s eﬁfofe%&ré&['? ﬁk A Shroemissting user an @rintep {afiglﬁl?t%s B glicked
hyp&liM€ihstinck BsA e bR shy@ahdn sakdsiRWASErvED BN e HEEANM request

%%e server sends, the hyperlink request ID and

thedipkilB e thpaprbicdtios- first  page server to obtain the
correspondi.ng user ID and printer ID 62. The first
page S&r sRpHcaligp @é(tdéwesméew%% degument pqcardingofer anpHgation-specific

1og‘r@ QHE Sbtailfe dBuRiehh O frbi ah B sévél Rf RiAtseRRIhd ERLIMAN 10 the
he second page server allocates docunent instance and

Pagey §aver pEObs irspangiblsr 198 thy slocuirsit'y ngwvlyoalcatgd JRg dogethsr tvth the

rec}uaﬁmgapgelsa@wsqmana@@%yﬁémm&@mmbe document to its own
dat abase and finally sends the page descriptions to

the ragueshl BaeRENA Lhds ﬂ@l%pé}mefehﬁéakm A?l%taﬁﬂféﬁudﬁ% to the first
I ncl ude a nmeani ngful transaction I'D 55, whi ch case

pageheref tobtaghige camsraading gedr ffg arnd mrnvéertID éﬁs’a@tﬁrmamemr rejects

thd Qﬁe&ﬁ%’é gfpeﬁﬁnﬂ'i‘ecélgst hikQxARRI dr Gathi Pllfrerlhl aﬁphc%{ul)rpws the
application to establish a transaction-specif

cont exfe fQndlfage 5&‘&? rallbc%{%s %85&11}(3?}{ in@thce' dnd phg ﬁ:\é%r ks the

reqwres a user alas . al i1 as reqwre
neytytatlopatadepane INsetp thet mlmcatlma adflSu thﬁs tomydgie dempririo de aws database,

an@ﬁltublgtsgﬁ Hfé?}e L1 inBRd 1§ e ré&ﬁ%ﬁé Fﬂlﬁels application ID

Istrati on server obtai n not just

the uﬁﬁrh ifAOnGed2 1H<9u& E:Su r%ppl xlapsaptﬁj(}n I@' S angﬁwh case

al i as ID 5 correspondi ng to t I catlon I nd .
thet fist prge serv@D. ingledes hsl trrdesstioh & &l thasnebsag¢ sent brethe ppdaigsen. This

a!lg’v@@t]h Flﬁ)ll%fﬂ%n AP albﬁs‘%t | Sacé(]nl lp&t f%? EJ Ihﬁ@etrfi Ic{i] ation.

esta user - spec IC CO tex
act i V@Eﬂe%@perhnk 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 11 to obtain not just the user ID corresponding to the pen ID but also the
alias ID 65 corresponding to the application ID and the user ID. It includes the alias ID in the
message sent to the application, allowing the application to establish a user-specific context for

the hyperlink activation.
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NPS096- SG 61 5.3 HANDWRI TI NG RECOGNI TI ON PROTOCOL
When a user draws a stroke on a netpage with a netpage
pen, the pen communi cates the stroke to the nearest
net page printer. The stroke identifies the page and a
path on the page. The printer forwards the pen ID 61,
its owmn printer ID 62, the page ID 50 and stroke path
to the page server 10 in thgiusual way. The page
server | oads the page description 5 identified by the

5:page 'l'&ﬁﬁﬂ“”eﬁ%&}“ﬁ@r%ﬁ% ol Nput el ement's zone 58,

sects. Assum ng the rel evant

i pu%f"b?’rﬁ“ﬁ’f dras 3 strokgronga nefPasepyi 2 pHRAEP Aefle thediey gemmunicates

theXARROMGIhd MBreSitnt@k& Pfritteh. e k@Ne iddnBhidl the Hdhddd pathd dﬁl%he page.
After a period of inactivity in the zone of the text

fi el drhe JiRtcp @GRS HEPEn AEHHSts biE phfer ID £, 8RGa %él@ 50 and stroke
endi ng strokes to the reglstratlon server for
pafhi{p By pagssSTvELIP in teaisyadypst rati on  server identifies
the user correspgonding to the pen, and uses the user'
accumhcaPas@ senghdoads tth gagrodescrigmn § ddansified by eihe mage 1D and
deéhﬁﬁ&%hﬁﬁm?lﬁ@ﬂ%’feh@ { BhRe 58%F any e Srdide ifBSec®O ﬁl’s%fntlﬂ:g(ihé R&vant

strokes to he registrafion server returns
inqug lemens is bk Beld 848, |th‘§p%ag“ervgr@m@ds tiptsolsaig dhe tsvérf‘v:é:lr s digital
im@ppends the text to the text value of the text field.

5.4 SI GNATURE VERI FI CATI ON PROTOCOL Assunming the input

elenegﬁ S . t

gn A uerr‘eﬂ'fygl gdl (gfqghgég%ﬂ@n e zggcg%f*ﬂg%trg%‘;ff?fﬂ the g§ easela/er selhds the pen

IDsﬂn dheepanding riirokds ga ahmreelsfrfitt@weyeﬁ 1y lfctranterpmtatnoAf Tleer registration
self& ilfifRls hOAEL! Ybhdobidid B 4R gerpf antd" el O accumulated

field page server s S 1 an
halpb‘rlrdma gﬂOd@Ir&ﬂZ as intgprehibe segies by laﬁnd*@ntt@letpvefr)nde it hafs @pnverted the
stk 'tJ {egtaE gqg 1?4?{1?@53 er ?e%ur}gg th\?\;t]%}(g Ig]oa{ﬂE qgl%ttll %??ﬁ%%e'?er Tge page

assocl at e ormo
serivg appantly the extuelthe teg valubef thetemt fidbl.56 and the current
data content of the form The registration server
identifies the wuser corresponding to the pen, and
5.41ses FIENATUREVERIRBATION RRRTIQ9OAt ure bi onetric 818 to

ver i fAssurhidg tiRtifik e masg whb® AdfEihe Sirdkle G@tdHHsEs a SBurd field 880,
has verified the signature, the rzglstratlon server

t et%‘%%sef‘f‘?él%ﬁ}???déétﬁ Sgﬁkq ipihssicapyrefiskt's figtabgike o i dentify

the user's a catjon-specific private nat ur e
key. 4ffeer @r?éﬂgfﬁ%fle@a‘itw © gy gJé thersignatuge féﬁ %heawage server sends
the§:leﬁ 6 UER! 8¢ pdndR g kRENR: fahdregiBindioh 84rikrN$ fortv&@ﬁd;h&i ftalso sends
gnature to the requesti ng page server.

theAaPURGHOMIR P ASCTHE Bl b s bnie e Sepirue el givatsamel as

thel foth € 85 AnB L Sudedd das %&ﬁén@'b?ﬁlle QT rRe RbRErMRN s@i’vérr 19&1%&35 the
The digital signature includes the alias ID 65 of

user GPHSBYHM tA gheursar anduspssthe psepigglynamic signature biometric 818 to verify
the strokes as the user’s signature. Once it has verified the signature, the registration server

uses the application ID 64 and user ID 60 to identify the user’s application-specific private
signature key. It then uses the key to generate a digital signature of the form data, and returns
the digital signature to the requesting page server. The page server assigns the digital signature

to the signature field and sets the associated form’s status to frozen.

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

a single form to capture multiple vsers’ signatures.
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a single formto capture nultiple users' signatures.
NPS096- SG 62 5.5 FORM SUBM SSI ON PROTOCOL A preferred
enbodi ment of a form subm ssion protocol is shown in
Fi gure 46. Form subm ssion occurs via a form hyperlink
activation. It thus follows the protocol defined in
Section 5.2, with sone formspecific additions. In the
case of a form hyperlink, the hyperlink activation
nmessage sent by the page server 10 to the application

1 al m 1D 56 and the current data
%ont Eﬁhﬁsuéﬂﬁgé¥3?§¥gﬁ “the formcontains any
si gnaf drederred empedimer @ha forra sehmpissionarotesel isshev adigusctd.

one b extracting the alias ID 65 associated with the
corr eé}?@ﬁd?‘ﬁ’@sw gfcvra viagi fgrn hypedin aefivetina ftrihusdolidyes the protocol

(iﬁﬁﬂr§§aﬁ QBQ?W f > registration server
€ 1 #edoke fbr’fr?N:{Ep@mﬁE 2ilone A preferred

e nb 0 dI‘nWﬁ@Eas@Bf g f&ﬁ'ﬂ]}p&ﬁhl@ Qh@l@f)@ﬁlﬂf( a@cf\@&&cﬂlﬁssﬁ%ﬁ s§$}%§qge page
in Figure 47. In an e-comrerce environnment

seyefih te #ieqmpliostign Healyvenpaioine therferm Bh56 andphe qya‘pmt@[nta content of the
e hs. A

ol 3 Rl SRl iR 8 94 iy xh oe b

exgasting theiabasd Doty astomiaded siiithriiss qweryspahding digitad aigedtire add ditaining the
4hl i the printer. The

°°ﬁ§§%@“%kiﬁ?§&8§§?kﬁﬂe %&Moﬁggg%QEO route a fee or

comm ssion credit fromthe target application

50" ow@I@ﬁ,M%gg ??j; g,EN{rpﬁ ) to the source application

provi and fromthe source

appl i 3{@? o5 %wntnasse WP PEFOCR i vhopen igure 47.
The t Ilcatlon recFlves the hyperli nk req est

ID fr nai ?180 ‘“g“%e gfirgmipentolees,ad, cqmpypis &Be‘?"l‘y Rk Pig ble from an

applicadn R6¢idoras @ ublRberbASHEU-DEFgh) trDREEH0AN ) Bles. Wit its on
et application, needs to credit the source

tar
eéﬁfb‘? FRUARISHNS 9P SOMENSFions maysliorke Reprblesiiom thepupligher to the provider
of Me@whider credit to the original page server together
with the hyperlink request ID. The page server uses
t he hyRetvbédikk rdaf@HES 52 iPude® td ARME 4 f¥ dr REMMAYHE redit from the
appl i cation, and_sends the credit on to the rel evant
tars*‘é gPBliGaHen Bigvidele PARgle-8) Mercigiiliontie saiires apnkigation areseder 70b (iic.
puBRRr), GAd 68 HeRodde aﬂph@atl@wﬁrﬁﬁ&w’% td e Printe ARG iddR 2.

hyperlink request ID. The registration server credits

the cofert &0@1&9 RAPRLi 6L BYpdRi AV @Jtﬁ)%&omsl S&Aver 10
It alsg %%t és ?he abpllca??oﬁ pfgvfd %%ﬁ o

whap geiheatrlinis fird wetdated rrselgseribed rSegtion ft?}émpﬂnl thq @rget application

ned¥s QY LAGF thel sburs€RFBicdildg pﬂfvﬁtféf' & sen&rtﬁé/ hﬂ)@iﬁa‘[ﬁ)ﬁ ?%VKCI?I' Crelif & the
ori gi nal page server togethér with the hyperl

orlglg@m@gq server togetheryetiehe hyperlink request ID. The page server uses the hyperlink
request ID to identify the source application, and sends the credit on to the relevant registration

server 11 together with the source application ID 64, its own server ID 53, and the hyperlink
request ID. The registration server credits the corresponding application provider’s account

827. It also notifies the application provider.

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

relevant registration server together with the printer ID. The registration server credits the
NP&096-5G



server uses the hyperlink request IDto identify the
printer, and sends the credit on to the relevant

regi stration server together with the printer ID. The
regi stration server credits the NPS096-SG 63
correspondi ng printer provider account 814. The source
application provider is optionally notified of the
identity of the target appgication provider, and the
printer provider of the identity of the source

[ £at] 3 NETPAGE PEN DESCRI PTI ON 6. 1

mﬁ%ﬁ%*i@?ﬁﬁ#%@%%thg%?ﬁbéﬁo Fi gures 8 and 9, the pen,

Pt ulissburtp ShERAL el BRERER PAFRL ety of e tare
apptisatieh proyidea\and gle\paihiesprﬂaﬂﬂerd)é thendantty afi theisoirer dpplicasipamevider.

104 for nounting the pen conponents. The pen top 105

is in operation rotatably nounted at one end 106 of
6.t he NNETF®ARE PEDDESORIBEON-t r ansparent cover 107 is

secured to the opposite end 108 of the housing 102.
6.The cmsnemediipfucs al so of noul ded plastics, and is

for r par.e rder

enai g BB STATSP R, RRLAY Byl b Fcksls wgper
10%iindiudes b theusieuk2ri ng tHeO2rm Fhe plgice mommihgl hamhgl chaBs 1303n®|t' ining an

. rt 10 i ch tantiall S roun e .end f
R R0 20 ST Eechen S R BT 8 1Y B et rSaably

mquniegl eco® dnddl% of therhonding mm' m paritradspredrdvdri 08 19/\seb1h‘e<h to the

onfyEPCHERRRR - Bl e bk TR b G e

frobe fentigrahdperept @ptedli in Pprded red iedabld thJ:OusetV\tot View thd&atus of the LED
ho r eads rroundln n aperture

mop Pk Wi R ou Sk 0% R T 07 R 0 pRELRDAET finpghanty

smﬁmdll dﬂ_}_lﬁ efd 1(134?1? the gbluﬂggng)z Céﬁfli Zle;ﬁcgemﬂg @gmgf; newwhizh W&:ts back
. e e .pl ece S renoyv e to enab

frofiyihé wap e pe et B e R e 10 LT it T3 103 of the

ho@s¢er02 1A 7radis adtehrtal 110ab ﬁfouﬁ&&bélﬁnd—tﬁ@pﬂo}&tlﬂgl ﬁ@}'tla;)l} )0, mm the
e ex

117. Hg’ ag?ﬁgna 112 is_also nounted on t
housyng 103 s | Eppupropnding qppnatwe 1 B3A pmibe cpvsp 16f are ﬁganged
to REEAveLD efalEndfied BY| mBLHHE doﬁ/dsﬁdnmngls&ryw tﬁr@fdsn@;l BRMnetal end
operate both as a nor nmal  nar Kj ng ink pen and as a

P‘eﬁ%H“ﬁ%’fem(’ﬁﬂ?l“stf’)‘f‘P% ink %ﬁ“ﬁdﬁw"*ﬁ]@?ﬁf‘@a‘rt ridge 118 with n| b
119 and a stylus 120 wt ylus nib 121 are nounte

si de H§P mglr"éf'él Wihimihg cpvse 1‘?17oia§|trrlr@01@o%2atu@rlim &6 @%ﬂmﬁ@B 117.

ThE &ltérinb AUL ishildd rckBie@ on tHRERKIPUBIB TNITR: sbads 168 1 BEis mounted at the
br ought f orward throgg open end 122 of the nmetal end

topif ghegpen 10 fopgood gllgtquadvigibilibhe pen top 105. Respecti ve
slider blocks 123 and 124 are nounted to the ink
car t rifggen sangparty both4sgsnonnd marliegisk een 4nelay » nap-marking stylus.

Anrn% @Bg?grtﬁllgggma@% higlh1d2m 4 stylmEgH =0 sfyﬁls'ﬁn)el 2GR ntl&xﬂte& glﬁe by
s1de w1th1n the housing 102. Either the ink cartridge nib 119 or the stylus nib 121 can be
brought forward through open end 122 of the metal end piece 114, by rotation of the pen top
105. Respective slider blocks 123 and 124 are mounted to the ink cartridge 118 and stylus 120,
respectively. A rotatable cam barrel 125 is secured to the pen top 105 in operation and
arranged to rotate therewith. The cam barrel 125 includes a cam 126 in the form of a slot
within the walls 181 of the cam barrel. Cam followers 127 and 128 projecting from slider

blocks 123 and 124 fit within the cam slot 126. On rotation of the cam barrel 125, the slider
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arranged to rotate therewith. The cam barrel 125
includes a cam 126 in the formof a slot wthin the
wal l's 181 of the cambarrel. Camfollowers 127 and 128
projecting fromslider blocks 123 and 124 fit within
the camslot 126. On rotation of the cam barrel 125,
the slider NPS096-SG 64 blocks 123 or 124 nove
relative to each other to pgsject either the pen nib
119 or stylus nib 121 out through the hole 122 in the

bISERL 343 &”1% S&Seldthd 1o E{bﬁ RRD tol%gli‘?ﬁthéﬁﬁlg ﬁgﬁﬁ 9%?5 010£tylus nib

oper at i on. y turni ng
124 rowst thinough the bole d 22 irethe Spepdl wsd j.niz'c@e Ak lll@]pem ue} hhsnthree states of

0d . o K. trid
oSSy 5 e 9 LSl o3 L 0
, f ted | ect h 130
S i g

%%?gﬁpﬁgtﬁg%q) j@frared LED 131 for providing

|nfrare di ation 10r proj ection onto the surface.

132 id h d
e erf%“ésg r eég?vvﬁﬁéﬁtrr@?%@@??é}fwﬁ&ﬁaw‘toﬁ from
the S gc%%g ﬂe Bﬁ?& Cl’sT_%gtfmte leﬁéPlﬁﬁZ%'%%ﬁqgﬁ wthlch sits within

radi o frequency ¢
the licmpiagil 02. Ghe mdadﬁfexﬂ’@ﬂe]%eﬂqunts an thfaredd /Dy W1l fer prévidipg infrared

4 r control rati an of the n 101.
ralitn 0B BRGRRSnon IR AR Ap B i B2 & @apids Repied gn the
se@itl SlePCBI 129 ﬁ‘&&e@ﬁ?ﬂ@reﬂ&?eg&ﬁ]ﬁatﬂhﬁi‘cﬁﬁﬂls s@tfhck. ﬁlfHe%é@ﬁd flex PCB
eamonto t sSurt a elves | mages onto the
12? @E’O%ﬁgfﬁp ofrequengy, ghip ?@uﬁfhﬁﬁ ydesanfdpirugpitiacand i geceiver,
ang @ BRBEEHipOI3 4 FhiRosataRbpblton JPGR pka 01 dunlptitsnock 135 (formed

contacts 137 which ar. unted within the cam barr
frofpmoulded el plitosh s i Be et &t Peplioory it Grapsonto the

suffazé aalh ebobiRgs 1ﬁﬁ§@sbﬁfor 8¢ i seddor {320 §&Néf%h1§2plj7 Qabal geRRh&t the

battery 139 sits within the cam barrel 5 in contact

CORpRINEE H@ theegoadl flex R A tocdbattery coeric 37 orhichtase gpwiedowithin the
carh$8rré1S 2504 AR 18 Ybnre A8 1038E AR doB%cEFR a’ln%Qhet éam%ﬁ@ﬂ 5. A

rechargi ng of the battery 139 vi'a induction.
thres xdheschargeablpbptery §3%sits oV ithiLithe §marbaﬁrﬁfiﬁéﬂleepntqsmﬂlz!@ battery

coBds. AR ih@lcB6h JSHAF%GI%%Q%O 1AfodnRl H6 1 %tSIeMS He Pbﬂcﬁﬁrﬁpénable

in the cam barre el t her

reqhpging ok the etiery d3fevia H@lu¢t@ﬂu?}@oﬁe¢cmﬁl flgk PEBrIG? alsvu m@ru@te nn tnfrared
LE®NBRI £d "ﬁlfragéﬁtpﬁlﬁghﬂ@é ﬁﬂnfopget&lﬁﬁg Egﬁlgc% fi 119 ERR da5: fﬁ‘% when

t he surface e pen ni or stylus nib 121.
eltllfR th sbbui I%Peoriﬂm igle tcargnidge | 1§ his usedo fart wtingRin_ BRled 48 enable a

OB 505 IR oL 8, 1 550 .

Thp IR phdediodeovd detscts hght éwok thOBR DED tihd viagefEcng (1G2how) mounted

S r e pen, and top 105 also includes a
On%%Sha%kg)¥or C |%%ing the pen to a pocket.

Rubber grip pads 141 and 142 are provided towards the end 108 of the housing 102
to assist gripping the pen, and top 105 also includes a clip 142 for clipping the pen to a pocket.

6.2 PEN CONTROLLER
The pen 101 is arranged to determine the position of its nib (stylus nib 121 or ink

cartridge nib 119) by imaging, in the infrared spectrum, an area of the surface in the vicinity of
the nib. It records the location data from the nearest location tag, and is arranged to calculate
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6.2 PEN CONTROLLER The pen 101 is arranged to
determ ne the position of its nib (stylus nib 121 or
ink cartridge nib 119) by imaging, in the infrared
spectrum an area of the surface in the vicinity of
the nib. It records the |location data fromthe nearest
| ocation tag, and is arranged to cal culate NPS096-SG
65 the distance of the nibgs21 or 119 fromthe
| ocation tab utilizing optics 13 5 and controller chip
t41,0l ' . L S, .
theiftanc SPHER 2P of SR fhe IRE G B b5 and coproter chip
131 O cohteollse rlgp é 4 taleilaésstho ptignomion lo§ theped aohtht méb-ormgdislance
. nt.ral.. fromithe |l.gocation tag may include
fm:i:ng%? Peo??pe%tiwt%sfi 13?0%%(?}0&3 ¢ r?’erﬁl gonﬁ %eelmf}%erﬁ[ % 1 to activate its
"acti a " LED (thi.s is in. fact one ,node of. the
e - B ERr e iy il BE PR R ek 0% pen 101 0
actil@teeitari‘wdigg afer’d KEDhghic Gninr fatt det modet dfathe tthieolar Dt &t which
IS bei Lmaged is an . "active area"  Thus, a region . .
becsiney ey, Fhe 8 R8T SROREPF o LB IHE ol dhie 4t (eiray tal s being
imaded & datitattdvie ata”)nYISY 4 tegion WA yhelbarfan ot d ofrespands it/ Ak @ctive area

this LED, giving.the yser of the. vi sual feedback |
of  Rifomr et o g S Preghvatedtia LER, Bl i woHe e pen visua
feellDakk RIS SRSHUAYE br hylperlild i dclile @REAthe ?ﬁ‘yl @Al Fa8seb B&dr it Chntrol data
the pen to capture continyous pen_force, readi ngs. Thus
m aﬁ%’g‘i"ﬁﬁ‘"b fheciica to SaptpERsonGoR PRbrEsisatiess: fBusae region on the
swidcg RAHIcOrréspPs th Signta8 ipat SELAHDE ch@d6BPlpBre continuous pen
conti nuous pen force. Pen action relative to the
forggyr f ace may conprise a series of strokes. A stroke
consists _of a sequence of tine-stanped pen positions
on t Henaefigngelative;tp thejsuttaeg ny cpBRIY BRI E HEokgh e stroke consists
of & QEfRkRI A tiRE-stimPEd BEOMRMbnPE N hE BurdE NhitiaP b ptD@wnP&8nt and

force can be interpreted relative to a threshold to
COmMPIgEE 8Y @ SHETUTal PRt sy Nate thap perpforeeappe inteiereifd pelatiyg to a
thrB@bRA%o | iNIEAPHELEY (BS péh isCAPt bNURNG” VA WaI af MinEHAIRLEY as a

when the pen is capturing a signature. The seduence of
coptippeysvalye. fox sxgmpls wheh dieipetyts saptaringcaignagre: dhegeauency ofleaptured

HeBbdRlituied Ko-GARY PEgits Sk Wi LddGvi i
Snfgrn1tﬁgebasi§_forgﬁhe dwg&gg?@gggﬁgﬁégggﬁmﬁgg&#ﬁﬁ%g“wmt°
forgartbie basisdon the fligial ekehengsrof (dfamangs @obbpnid wittmg, &fr on-line recognition of

alRn iAf K - ki ification of

b sigﬂ§%5%%§9°RP?€T%?%§Q@ﬁ£h%§m¥ ip 133 and antenna 112
t he TR : ] P! gk . ] n T
0 TSR0 ISl 0 o A0 M

datp feilrictnis sa4rpmyd foosechrity enhpukdgad)for sffisteattranyhission) tethp esmputing
IS, in range of a receiver, the digital ink data is

seetn.! N T a rt
YiTansmitted as it is formed. Wen the pen 101 noves

Sgtn m%latﬂg Sen B AAE of WK ARLA e TRl §a W ARG ESs it is
formed. When the pen 101 moves out of range, digital ink data is buffered within the pen (the

pen circuitry includes a buffer arranged to store digital ink data for approximately 12 minutes

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

The controller chip 134 is mounted on the second flex PCB 129 in the pen 101.
Figare 10 is a block diagram illustrating in more detail the architecture of the controller chip
134. Figure 10 also shows representations of the RF chip 133, the image sensor 132, the tri-

color status LED 116, the IR illumination LED 131, the IR force sensor LED 143, and the
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pen circuitry includes a buffer arranged to store
digital ink data for approxinmately 12 m nutes of the
pen notion on the surface) and can be transmtted

| ater. The controller chip 134 is nounted on the
second Rex PCB 129 in the pen 101. Figure 10 is a

bl ock diagramillustrating in nore detail the
architecture of the controlkgr chip 134. Figure 10
al so shows representations of the RF chip 133, the

the tri- color status LED 116, the
f y
°’= gﬁél.ﬁ?@%@lﬁgw%ﬁﬁﬁt) 131, the IR for ce sensor LED 143,

and t 'Pl?e pelﬁpgg O(? e§9u€§34 fn%%ﬁgsl nc 'img Ex%tc%gn%rqgsl ]%‘uﬁ&él‘% enables

The pen contr hi p es con
thpexgbangs of datalBtwBusomiGean ablhe sontItOIler @mﬁanﬂ@shomendw 1147 and a

ojTRoNern e,contro
Slnem)r ) fﬂ% % 13 éitﬂuc{gg éwlf%%o 1tacf v gvgilt?rn %:4}9’: i3 aa-ranged to
comwhaim@gtsxgmilf@nt tht foc@erent ghotodbde ilai;i taamlegrtglesctgnalo

convert the analog signal fromthe force sensor
phot odlh ddege bddbot itcafack Hi2tialerfaiey Mdth theAimapérgageorsi8ASA transceiver

terf th t 3
copRIRE 155 Grgroase. et SHEAE P2 oL bl SRRt CRIARCRRASA 48 Rpcpp 133
wli¢heinalvde am&F Llﬁlzedlt 165 iand ®Ff @eatorst hdt iGudRfrs ¢b6 Porhdded to the

whi ch.includes an RF circuit 155 and RF resonators and
AN dfor s 156 connected to the antenna 112. The

contrgllin rocessor . 145 ca nd decodes
oo P oS Bt e O 1 e il o forR i oy ass from the
suifiRGe the st schdat, lBB;Hﬁbnﬁt@:l’s?eheI BRe EQRGOhSIONSY ]%Ikﬁilﬁgiis 6@9 EDs
an an

44, control s the 116, 131 and 143,

11eigh i tHend WG DT e BRI ATl wenscciver 153
It & haRanel-peeforrddde (-4 HizPgeneraBlirpbae REYT RodEaREE (- 40MHz)

general-purpose Rl SC processor. The processor 145,

di gi t'Blle Procu9sE @4¥ &igifaD RGBT TohbSrRAE GRANE:ves QBtFollkd 1353 and

%@ and . baseband CIrQUIt 15%& I mage sensor |nterf

gnd qiyeuig 5 £/sepspr inferdpes 1 2 BlapiRARN A g47 adeo12KB DRAM 148
ard Mgt Bt eimgF@ cSitRUELEASION AnAloL BF AalponenfN@FOGrc 155 and RF
j

conponent s circuit 155 and RF resonators and
feﬁonﬁeré fiyt igd 130 ereproyided uthe frremE Reeplr at e RF chi p.
The i mage sensor is a CCD of with an approxi mate
r esol The Breofensargx 2 161y jof wiith an (apprepimgtesigipdusion jof 215x215 pixels

(suh Q@H&%ﬂmﬁh‘odﬂ@édswhﬂé@sh@ EP&EtP@lﬁH €o Etﬂﬁlr ﬁﬁd i9QescAPY ih S paper
described in a paper by Itakura, T Nobusada, N

bydfelwankal NF@’W& osenyaniy Nepapalii and M Qzakh BORmP §QkPixel IT
Cdﬂ—lm ehSOPEE MERRRRY Cdnfha sl L ﬁ@tﬁ?&ﬁn@ﬁfﬁl@m(}mc Devices,

EEE "Tr ansacti ons on ElectToni¢c Devices
V%Wb’@ﬁﬂbfr L Jamawrap00,00ich inkcerhorated herein b enfererise) widl i IR filter.
by reference? with an IR filter. The controller ASIC
134 ehheaentraleg P Bdenterstagruieseehit siate afigpe perénd obfnactivity when the

peﬁ AGCH ln&] ih ¥oﬁ%1:? Qith Iagurface. It incorporates a dedicated circuit 150 which monitors
the force sensor photodiode 144 and wakes up the controller 134 via the power manager 151

on a pen-down event.

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

interference-free communication.,
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pen 10 1 is not in contact wth a surface. It

i ncorporates a dedicated circuit 150 which nonitors

the force sensor photodi ode 144 and wakes up the

controller 134 via the power manager 151 on a

pen-down event. The radi o transceiver conmmunicates in

the unlicensed 90OvHz band nornmally used by cordless

tel ephones, or alternativelyyin the unlicensed 2. 4G

i ndustrial, scientific and nedical (I1SM band, and

ses y hopping and collision detection to
G%YOVI%F¢6 ?%rference free communi cation. NPS096-SG 67

6.3 Wfﬁeés oS- te PER GRSy AEBIplsmentag by @ analdsdiopticsdrody 135.
THe %Bﬂlé% qﬁﬁfeﬁgntgﬁ/ byathggi)tg;@ Qo BPL3i5GRe 1“9&'136’(3@ 3thematlfly Qpltlglﬁ@ 48. The

i mpl enment ed he optics body are illustrate

op@@wewamecaaﬁrweqsﬁ?#ﬁg lfncema%radw frqxlpthﬁe@rae@rﬁﬁﬂ B, gymirror 158,

a BehdShlited NS0 ]aﬁ7obfe9ﬁvef [OEURoNEd b 3elioRd ¢ héaE‘ 161 ﬁ)‘inf(fchﬁng an image onto
i nfrared LED 1, a mrror 158, a beamsplitter 15

image sowsior EX2 lekélﬂl Te}‘ﬁsl 62 éitnstaatel the opiéeebpeth.| ens 161 f or
focu3|ng an image onto image sensor 132. Axial rays
162 i Thewptipad path dsdesigpadi te delivena sharpTimagoiettheiaiagpsenser 1 32 of that

paﬁ% g{'ﬁg hntm%e&j ?Llrfa&?\;v gh %F@% Ete 'tngn‘g:gdeéfqréetlﬁfogla W %m%ﬁxrl'%&ﬁred tilt

art 1 ce Wwh
ratgas @mlst@t)sTdelmnﬁarJefaﬁu&hfg al¢naant someoti@Rye Inht HiONThie guilsoeded in

reJe!rJett% gxoge@gﬁ 36 ens%&%}&{ qugmla&anfﬂ 15P5H8 gtﬂgﬁﬁi‘c%%ﬁn the

Ive SO use
ﬁe_i@ufeme&e Stme pns)ijwdctwali toupface dbihoke rinagerrsehm lﬁzf%md the IR LED 131 at
thc:%t éolztrl‘égf the o Jectlve &l e]a%lspP{t]érq 5§ lﬂ;euses to £ glin ¢ patt h an? s%aara%e r{a]ﬁy lenses

157 laed il 6iagrecasle pgio prol digs &Iﬁ@butlhg aﬂ ﬂRe Iuﬁfge k3dsoal 32 dndehd BCUBD 131
bean1 I|t er 159 | used o spllt

resprogvit, FHELATE s Remtepbales ke buosqecr g 8 FatS
o B D058 hBF 1 M afte KO, g@%ﬁ%s’e”@g{&&f’ and the

captifefpathan tesiyned scuthatsthd esileng shHjas ghcOmgue fitldof piatvlisas required

(.4 9 ST TP B SomPRRR RS ol ThE RGO i designed

to ﬂ@ﬂu(@ maajsasle objBatspdch Gield@S wletvi 48 gleQEptﬁtétpaﬁipﬁQBat a&rgUmination fills
\¥ i.s as, required ust under 20' for

ﬂ“i ‘?Pée"b??ﬁ?q Ii'%ff 9 dﬂ%‘rﬂﬂm m&waaﬁrﬁéﬂpylf3f$% i || uni nati on
at h roduc t he ect ace
? i el dﬁt‘f‘f%qgg *Sﬁﬁfe a}ﬁtsmcgma&t“ﬂ&*afg% fure; HEQ use of focussed

illdrhihatfh RAGWOBoth b Ishdit exdpbQirdObhetitd & fRdBapeit@t ATHRf shirk 8¥posure time
w t h maxi mum power and uniformty. The IR LED 131 is

PreyeRiy Betion blug %‘& ANQSFYE Rasttion tagadate captyie duging apanqygmenss The small

apbrBfdIS PR sufffibleaticpBbF BEd &rliQvyail g@o@uﬁmr&p@w@&ua By tilt. The
time and_a snall_ aperture. The short exposure tine

capfprg\pathtinclydes aorrplititapertyre sigp 3 lenibPuess- t i on tag dat a

capture during pen novenent. The snal
Because the image sensor 132 has a strong response throughout the visible and near

infrared part of the spectrum, it is preceded by an infrared filter 163 in the capture path so that
it captures a clean image of the tag data on the surface, free from interference from other
graphics on the surface which may be printed using inks which are transparent in the near

infrared.

6.4 PEN PROCESSING

When the stylus nib 121 or ink cartridge nib 119 of the pen 101 is in contact with a
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aperture allows sufficient depth of field for the ful

range of surface depths induced by tilt. The capture

path includes an explicit aperture stop 191 for this

pur pose. Because the inmage sensor 132 has a strong

response throughout the visible and near infrared

part of the spectrum it is preceded by an infrared

filter 163 in the capture pggh so that it captures a

cl ean image of the tag data on the surface, free from
smlfz[& e%& BbE AGEmlifeR 'Rsﬁ}oﬁ% aflf t?ﬁ(?n Pe” % ﬁllérsfuﬂ%c%. a\ﬁ“ibﬁ Bz to

printed using I nks are transparent in the

allmeanccuratﬂﬂlaadve"dmgﬁrewgﬁiﬁhh F(’R@@E@Sttid@ W1é”np1tett,e CstGy YuSuemi dnd T

W%k%% régiz‘:‘ WI flf% ¥ {hlé Iﬁﬁ%ﬁ?&l ]g&elégndo\éfﬂ% GR&%ET%&J’ II%F?nE jl"rrgmsactions on

Pa@at swaigsisesd |Ma$h1pe)§;nttlhgnncam)l 02,immnibert 3, o!mgnsellam vie diglosure of

wh?c[gle %n%&{plap fd ?heréeglolfyhcgosg rr?fergpce 0@1’ r%%ée?l{so% pgo n%\l\ﬁf gf} ég utilized
to ast‘tei'm'fne Wb as Byeshdlth @alst, atlethef the lpen Artupt Br @owht.Mhe Hemae may

Witi Recogni ti on' EEE Trans i ons
SIs\ b5 RS 318 R et 8 TPGBRE oovaui 19w (s agymgics of a
sighatard 36 bel\@9ficd, fhrexghsiel osure of mhlch i s incorporated
herein by cross-reference). The force sensor

phot ortieost@ 114 4AdetePminbd thie ZR8itiod @ndl6fidhtdtion &F 1{3 iRt 19612 Qn the

hreshol d val whet her the pen "up" " down"
“‘%ﬁ‘f& %1” 6%%“%#“’ rtegedspeciapy, 4y aga 8@315 “hUi‘S &Iy G he nib
1199 20i 15844686 thealb Ry tagldatadhll OMnfuRs thelflokiticly BARE £i6 109, 181 relative

nature to be verified, for exanple. The pen 101

to %g%ﬁﬁ‘i’fh% fropethe, 3spived PRrsnSEHvG disiastion erothe eﬂﬂaae@ &eng the known
geokddtny of &k R obfR® 135 Web 88). RNchbUBIhShsitioR rdsBIBtid$ 1R ﬁg may be

spectrum_an area of the surface in the VICInIa%
lo‘fsﬁ'éﬂ #fliystedppaition pepolution iy Guiggibigh.tand eprdly cxeaeds the 20Gidpi rasehption

req?ﬁé@féff E3ulaRGaRB%ithk oMitidn&eeRbBctdGenck? 1l rel ative to
he | ocation tag fromthe observed perspective

di st qfeh b@Hn@ RN 1d IRGEEE draEhpRRA 45 RQerkdd %‘Mh“okgse Qr"s%%ﬁé’ consists
of the pen optics 135 (see later). Althou

of p gagvenice A e FpYPIdgIen Gesitigns op gg spﬁ@cebgltlaqe@g){ apﬁ‘edown event and
coRflbid be %e@gﬁge%aegnpgmoévw RMurb 1§41sh Gl Mhlith HILAPID ¥ the

exceeds the I resol ution requir for accurate
surfpge dvhengven gierregion rﬁthh@trgeﬁ sigge jusb ol éle riéfriepe e esfrokemer normal

CIrg.\?r;siaﬂ&% Aehigtbug abRe aea&“l()éa%ﬁ ta%rlfcllfa@@&étje{ ﬁglcﬁﬁze ?f ﬁ‘se;;dsf?l%n on

rokes. A stroke consists —of a sequence
thet surfecesand rifse degiemdaso gidichidvesof dle tepion of ﬂfeascue“acel within vhighl the tag
iedy @ pen-down event and conpleted by the subsequent
pen-up event. A stroke is also tagged with the region

I D OfFl%Qeeéw 24 (%’%Fst ar %&%E@ [Oﬁétmﬁ 1405 d?t'?ok gro%gs% %31? the pen 101.

st at t e und
Th@pmnum@t&mdé$smw$“ﬂh3mﬂ$&®dudbdheuﬂadcﬂwmommmwmnWHagpbs(m

16§)r%f1:e| nl{lgl ‘t%osrcedwt fhe fcggel s%gstolr Vﬁot(?cflode 134 pggclk}ng% 0 pen -down state (at 166).
If the pen is in a pen-down state, the pen controller 134 captures (at 167) an image of the
surface, locates (at 168) a tag in the captured image, decodes (at 169) tag data from the tag,
infers (at 170) the pen position and orientation relative to the surface, and appends (at 171) the
position data to the current stroke data. On detection of a pen-up event, i.e. on detection (at
172) of a pen-up state after a pen-down state as indicated by the presence of a non-empty

stroke, the pen controller 134 encrypts (at 173) the stroke data and transmits (at 174) the stroke
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the surface and al so region data indicative of the
region of the surface within which the tag |Iies.
Figure 49 is a diagramillustrating |location tag and
stroke processing in the pen 101. The pen controller
134 starts with an enpty stroke (at 164). It then
continuously sanples (at 165) the nib force via the
force sensor photodi ode 14449 checking for a pen-down

state (at 166). |If the penisinapen down st at e,
t 10l
da{ah/?a #E ﬁFf a@ lrfiglalécg cg e]nﬁa %?g’ a[SL{f‘ syste)rr\ %%engga?tu Pyé% another

emiptyastreke @ebddles ( at 169) tag dat a fromthe tag, infers
(at 170) the pen position and orientation relative to
the séisshiaing ,a mdnwp/pﬁaﬂcisbi( mu1tiilxlz/1()3 citles), thopiotdseing alabrithm (sec
troke d detectlon of a pen-up

late gusets abou%(? o o} thf(:sjgroces?or 5’2 rrke a\¥hen é’fn Ispactive pen-up state

after en- state as i
a nonIf g'l el en 1s ou f rﬁlége oﬁﬁ éorB% ng &#efrb?ok{épsr&l tEp@ ?;l}B&egs digital
ink iatits ii(ni&)uﬁ' tgfemggl It@dﬁﬁsndatgﬁ}tf arffbretdrc’figiﬁnhléﬁ@hﬁlait 1s]1-1§§t)w1ﬂ1|ilﬁran geofa
stroke ata via [ and
coR ey IV 168 At T V?ﬁém‘e PP pigap Pl dsitl ink
aniMnkieadi3hd3ass err6ITHIY whdne @t ehe(Bér altbrfipts toAGSiY WWitA ghedben.
reasonably fast 8 bit nmultiply (3 cycles), the
pr oceBsbienglial go hbﬁlﬂiﬂﬁbxﬁts eethe lr@ @igtalusie Garm@tet f&QP/m@f)en 101 of

t he pr.ocessor's tlma pen i s active. t he
thep@ﬂlpagngowtelaf Figurg gl fof o @ain*ﬁa%ﬁaﬂag ST o e aFve sl ik
Dikieu idkh@fich & bbﬂér&ﬁrn&h@b@ﬂ Wit thd ¥ i$ orking dfilih&sN@dred in the same

nsmts, buffered digital ink when it

a
fo%asﬁlé%l@%i”h’ic lsrtﬁ‘ﬁﬂ%‘“ﬁ%éesé“ﬁﬁ‘ﬂutl ng system Wen the
pen's internal nmenory is full the pen ceases to
capture digital ink and instead flashes its error LED
T3ReN ! ts to wite with the pen.
2 94|[1 Xﬁ%é@?gﬂ%ﬁépg%tﬁg{ﬁents of the raw digital ink
transmtted fromthe pen 101 of the conputing system

Fi ghiveaigiiatiisk @ di agr amyiel | ugtrat ipgpgsddye striuctur q.agé
the rawdigital ink. Digitgl ink which is buffered in
t he PURPYMBYH the pen is worMing ofPit¥ne is|stored in
pehfTe same formas|digital ik whiclpgs transmtted.to
The system Table[4. Raw digital TNk COMpPOTents raw
i ink unit precigion fdange ponent! (hits):
abg@@ne il 128 nib 1 D{128 mabsollute tima ns 64 -
last system time ms 64 -
region ID - 100 -
time offset ms 32 49.7 days
tag ID - 16 -
x offset 20 um 59 +10mm
y offset 20 pm 59 ti0mm
X rotation (pitch) degree S7 190°
y rotation (roll) degree S7 +00°
z rotation (yaw) degree S7 360°
z force - 8 255

When the pen connects to the computing system, the controller 134 notifies the
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| ast systemtine Ins 64 region ID 100 tinme offset Ins
32 49.7 days tag fl) 16 x offset 20 [un S9 +10MM vy
offset 20 ~tm S9 +10mm x rotation (pitch) degree S7
900 vy rotation (roll) degree S7 +900 rotation (yaw)
degree S7 3600 force 8 255 Wien the pen connects to
the conputing system the controller 134 notifies the
NPS096- SG 70 system of theypen ID, nib I D 175,

current absolute tinme 176, and the | ast absolute tine

sy%m of e%eﬂelﬁf ﬁﬁfbofﬁ ﬁf&e Arf et %H%oﬁ%ft% Bfne 1196 ga%d'lﬁe ?a];sg Lﬂtsﬁlgte time it

e Sys o conput e any
obtaeled §r0ml tb&:Ws@mdarlbr ez higfoftliag hd‘lago\ts/sitlhe Bysient tocenped any drift in

nd 9 R RN Bl BB BB SRR e e
sywhranires 8y shbtime dloek pahn tHeDcowahtk ovab-timb elocb ﬁﬁﬂlblsy@erﬁyﬁie%h ID

to identify the pe en. there i e than en
oty 5 Roiping SR B BRIy Chhth b B8 B dRs BE ra peine
op&eted Iili{itﬁﬁlﬁe&\dﬁinphﬂn@@ﬁtbﬁﬁ&nvmb Qﬁylhs @npd’ﬁﬁntﬂﬁ Rystdnt wtdﬁﬂlisb fihe pen
of t pen, _for teract with
to ShaSi it iher o7 S for PP OGP SRR T Bt oWy yapticular
direfiD diahRAt & dthdrSeniBadinats the mBALtI RrequiiRd. Thd nibQD allows the
all ows the conputlgg systemto identify whic

compyfing Yy to slgntly whigh ndy spiuys e 19) ¢ Iyl eftridge b‘Péé%»rfﬁ pipsently

befA@ kel qrﬁ@@bmpﬂhﬁag SRRk W%ﬁ%&%&ml&a&py@mg ipb® which nib is being
oper ati on dependi ng upon nib is being used. For

usggh Bpfpxamples if fhgdnk FiRridie b M%@ bsing ugedgthe computipgsysismgnay defer

prdd1€ng QRMALL DElpis bed-a80 iR HRf BddbadRiPHGHADL, 8E maﬂ;‘?}fkmgs made
out put because i medi ate feedback is provided b

onjthac Suriege i Wigse gl lusgb Rk issheineaised. thiheamputingosystel raay produce

imMbdlard ZLab-Sk BRpRY used, the conputing system may
produce i nmmedi ate feedback output. At the start of a

strokeg th@ﬁarp@fna OIS the hbiflond it | RLREASS, inl Ya® sk hSideL KB, the
header 183, the elapsed tinme since the | ast absol ute

clapsegdinrotinerithailagtrbschelc sipsmetifiedrigrthesystimpBer qaels bemi rositipn in the
strbifi&he SIntBH& 18] PecGRISL e i%ﬁn 454 td &g&‘ﬁr G?Poﬂ it P:% xfeﬁﬁ P $pfset of
e t of the pen

a raw pen position 177, X an
thergiep nib1 B9, 121 1frdnp thenctulnent @qgr the &y artdeggotatlbpeofxthe penasnd tize nib force.

It Jn%t I%EAI’Q&]’IQ tagtIB ?wf?ﬁﬁ] ideﬁ\ﬁges ta'?fg thtHn ]:1 perg%%) if it has changed, in the form
of a tag change 178. Since the tag frequency is significantly smaller than the typical position
sampling frequency, the tag ID is constant for many consecutive pen positions, and may be

constant for the entire stroke if the stroke is short.

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

position from adjacent samples if necessary.

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

becomes the absolute time relative to which later strokes’ time offsets are measured.
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It only records the tag ID (which identifies a tag

within a region) if it has changed, in the form of a
tag change 178. Since the tag frequency is

significantly smaller than the typical position

sanpling frequency, the tag IDis constant for many
consecutive pen positions, and nay be constant for

the entire stroke if the stypke is short. Since the

pen sanples its positions and orientation at 100 Hz,

pen [t o ' It I

P PORLAO TR Tp% B AR, LOBLLAIL R REKER oAl s
thepmgioh &P When it changerpuithe farmpea rm)sni thaoge, 186. This brecmerstbe reiion ID

ime%iit!l]f asgoociatge%%gﬁatgr pe%%%)sntllgns must still record a pen

reserve npl icit clocking. It
t here e record t he S._unknown t
form §0 ? €2 UsTt thay’ ¢ an%: the R OSI %ﬁg%%i“/"ﬁe“ oIy s strbke andt G next the pen

optantiy tercmgs s;afth@rfmt osttold, e:r thie fidrer gfal it ehahgtael 75pﬁﬁs lbercﬁxnes the nib
f.r dj acent e f necessary. Since the 32-bit
1Dy c'@?#?&“%f‘”@@?%’ﬁ‘é has a finite range (i.e. 49.7

days) nal | record | ut.e tinme
0 & Heach BmiRG e 5P isB B shFE s Gper Bt dn T
becones the absolute tine relative to which |ater
strokes' tinme offsets are neasured. NPS096-SG 71
Since the region IDis constant for nany consecutive
strokes, the pen only records the region ID when it
Ta@l?aﬁ‘r&éwsfrﬁk??%“ﬁo&“?ﬁpé? $Sregi on change 180. This
becones the region ID inplicitly associated with

[ a n ositions. SInCé a user nh hange the nib
ray 3 oﬂe.gﬂrn hoRte o Y

rFan one-stroke and the L t.he pen
rampénpmmbﬁy records anblIDfor a sfeoke, in the form

of a ni cthange 175. This becones t nib 1D
unknowfl.pen cps 1001

ol r\oor\rﬂ at ar*l \l\‘ t h |l atar ctkalcac Each

I’JI T U T AT CT T C TN SO I===a>a N

tagnhﬁfmbnent of a stroke has an entropyti®dded prefix, as

en&bfss}rgrge in Table 5. Table 5. Raw strpllﬁe conponent

ralca nnwv\nnnnf o nr nf Y Oo\Al AN

Pl Aol B | /\CS | aVV Dl T UORNT \J\JIIH\JIIC L™ |~JI C1 LI 'AY erII

reggsdihpigsn 0 unknown pen position 10 IIEIQOChange 1100

mbed'l‘lgr;g‘%f stroke 1101 region change 11409, nib change

111 11140

111U L lI e bllallgc L1I1L1IU

time change 11110

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

and buffer memory requirements further.

Each raw stroke is encrypted using the Triple-DES algorithm (Schneier, B, Applied
Cryptography, Second Edition, Wiley 1996, the disclosure of which is incorporated herein by
cross-reference) before being fransmitted to the computing system. The pen and computing

system exchange session keys for this purpose on a regular basis. Based on a conservative
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A 10mm stroke of | second duration spans two or three

tags, contains 100 positions sanples, and therefore

has a size of about 5500 bits. Online continuous

digital ink capture therefore requires a nmaxi num

transm ssion speed of 5.5 Kbps, and offline continuous

digital ink capture requires about 40 Kbytes of

buf fer nenory per mnute. The pen's 512KB DRAM 48 can

therefore hold over 12 mnutes of continuous digital

: : . , h _
estifie of Dropl S BREEn AT b BOTRGon 0P e ing, 5500 i gooke
copsapes 9-8% of Hwpsovessei’off tipeed and buffer nmenory.

Addi ti onal conpression of pen positions can reduce

transm ssion speed and buffer nmenory requirenents
6.5 ur t HOTHERERRMEVMBOPINENTKe i s encrypted using the

Tri pl B- daEGtealag @ bibdtithépE, e iper incBrpoARPlah 8ffrared Data Association

pt ogr aphy, Second Edition, WIley 1996, the .
(Irﬁrr‘\ﬁ bni38s B ShortipeeiroPm R (Sdth gtbats skEPRPietpee printer.
cross-reference) before bei ng_transmt_ted to the
conpul %é‘”g‘ifﬁr@ﬁﬁm“?ﬁ‘eﬂ‘ﬁéﬁn ARbClAA Paige! @freganp) accelerometers

mEXRH AL n58%S pRAe KBNS pbiPkxid. Nhs aRYlcRRRRIOM0%E §BWhEk Figures 9
basis. Based on a conservative NPS096-SG 72 estinmate

ang, 10 meghesf oplige.ner encrypted bit, the encryption of a
one-second 5500 bit stroke consunes 0.7% of the

pr oceS¥oroysign of thecceterometamepabisshis wEoestiMeENTS the peginio sense

md¥oh Y& rdEreRBRO B ocatiol @20 B ot e MeAGLBLERAB be sampled at a
I nfrared Data Associ ati on I'rDA) interface for

lowes spte-Hagh lgeation ta i ceathien ilenlify lin abibei 98 inforept Taghsr pn a position on

thd GRS SRR Tk AR, - if kit &biddeid REkerSIRAMRM cldnlt RED alQInmand
i ncludes a pair of orghogonal accel eroneters nount ed

bujten)s then the tagglD crﬂ eaelelogtion ftag \p]é'nn thejagea of fthe input element can directly

idARRRhEMPIRIGEIR, 190 are shown in Figures 9 and 10 in
' ghgglf olt 1'ine.  The provi sion of the acceleroneters

ena bl g% akwléatﬁmqgm tﬂé actcglgroﬂl@f%rstiﬁ) eathibP fhe X r@g%ﬁﬁegcﬁons is

W t hout reference to surface |ocation tags,
intpgyated with tasindt o digs to prodece ga inslasdnesys weloditpwed posisive.  Each
| ocation tag I D can then identify an object of
i nt er¥nqe thattdrtng pdsition af the strake dsmobknovinhenly tetatizie positicos within a

agpl ' h ' - i t.
suERE R, Fulpltded: NRURLE HlosiiSy AnidSiatiol MARLALE (B, dhe sonsed
acelerdtiohorsedlérometera gy nigal i ihavet ligh meaetionf andhbe fimp deragdnerfentroke,

ovi i S Bfldedumd JEM by the input el ement. The
accel eration nmeagured by the accel eroneters in each of

the x and y directions is integrated with respect to

7z tinme Iﬁé’rp%%ﬂﬂmeﬁ Eggﬁpﬁahaneous vel ocity and

position. Since the starting position of the stroke is
7__pot @I{?WERI\QE(%I-YANE(% ative positions within a
The vertically-mounted netpage wallprinter 601 is shown fully assembled in Figure
[1. It prints netpages on Letter/A4 sized media using duplexed 812" Memjet™ print engines
602 and 603, as shown in Figures 12 and 12a. It uses a straight paper path with the paper 604
passing through the duplexed print engines 602 and 603 which print both sides of a sheet

simultaneously, in full color and with full bleed.

An integral binding assembly 605 applies a strip of glue along one edge of each

printed sheet, allowing it to adhere to the previous sheet when pressed against it. This creates a
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stroke are cal cul ated. Al though position integration
accunul ates errors in the sensed acceleration,
accel eroneters typically have high resolution, and the
time duration of a stroke, over which errors
accumul ate, is short. 7. NETPAGE PRI NTER DESCRI PTI ON
7.1 PRI NTER MECHANI CS The vertical |l y-nounted net page
wal | printer 601 is shown fujiy assenbled in Figure
11. It prints netpages on Letter/A4 sized nedia using
ﬁngﬁp(luﬁzf .%gcuﬁ'yntzmsl\@ fcgnl ragée' ﬂttpl%ﬁl%ls@ﬁ%m o%?%he%p ﬂo gaggral ﬁundred
shown in gures and a. uses a s t
shgstst h wi t h t he paper 604 passing through the duplexed
print engi nes 602 and 603 which print both sides of a
sheet Thesiepladenlzia élku@ﬁyidgei a27f aHOIwncim [Fagurea il ccw'pteﬁ vfithl the duplexed
prlm gr?ggles %s brl]z}dﬁg% % cp%ﬂ% %) or1 xXthve adhe£J {r) é &m %aent ,magenta,
yekhdw dlack gld ibfrared mbih @hecarmldgm:ﬂsopcroemm um&rh eetf ltayie A base molding.
ressed ainst it.. Thiss cre NPS096- S
T €5 S tesh e PEASP AT Sl TRl hRTHSrv 1 B £ Il pro-
Vl(fe§ @Hfbr@dl airsbaekd plifhady & preveéit! iigfeed of MRS barticld ﬁltol gﬁ: Memjet™
ure

ble ink cartridge 6 shown in Fi
pﬂ&@%&ﬁ S0 gy, gt atE isgdipe fﬁ? Priptheadioseles. Byaacasposatingrthe air
ﬁlt@nf wigha e ehsridee) thé b&fdtlﬁﬂalflﬁé({ﬁtthe\/ﬁlter AANRSEWNE, linRBFoGYAIYe of the
enta yell ow, black and infrared inks. The

c £ bk céﬁgégedbﬁﬁébﬁ%cyglaw prioguct with picppagity fopprntisg ged gluing

30000padi @500 Sil,'gbes)m cro air filter interfaces with an air
punp 63 8 inside the printer via a hose 63 9. This

pro- Refdfss fol Hig@E €F tRd thoth@zeh RRIRHidkt %H‘e? angmeyQi\ﬁﬁ Bhshes the
ingress of mcro partlcles into the

tOPpﬁhF‘i‘ildH%cé‘é@OSB@e Wtia raypashe PaRehesnur 9B el asgt mn@engme 602 into the
duﬁéﬂeﬁ%ﬁ@ﬁﬁgﬂfm ‘faﬁﬁt‘h@eﬁl asE¥nbIN GRE RRL %én@gt'“& Iﬂﬁmaénrgm]gé Bﬁf fld 603 are

hin tthe Cartridge, t'he operati
moﬁliltlefé &r ai spreping dn-linebepudntink entfipwatidnealbrigf e ofraigliepaper path. The

pa&@ B(M 1'5 q&%:n ;#Q ﬁle'ff}& gglﬁ‘ttr i{xg ) Iys gtfaplp ca‘gcg[? G 1|.r1]pa1% lgré 866 The

pr oduct a cap
Posﬂt&@e@d(sliﬁ()ﬁ ﬂSﬁhlwl?ISW‘l IRC€IE¢¢ arrdgfutldaldédgmmmglﬂmmdnees Fixative is

priﬁEQ& ﬁkkﬁaengo qb Bid ?H%}H Rhe! sﬁorlteﬁ{ep S ? 1m|ey 626 pushes the

eet ectl ray past a paper
sens on th [ st £ngi ne 60
dupl gll)’?g FARGE ex1t tl‘ilm%f)srt MﬁnH%tg qP Seg%(f 0 j %-FF]Oéxg.@ dget of powered exit
spihd whgedf falrgrmﬂl al‘dngethcg btfeght GAEkr path), 60RBcAL® agihit At @BbdriBedidlier.

oppoOsIi N e.seqguent.i nf i uratlon I he )
Thep PRk H@e%saﬁélﬁctp%? h‘getTﬂré“terﬁ’Hg PO, s i g4 into
thefsbdoSd MejeT™ Bigame802 by integral, powered pick-up

rollers 626. The position and size of the paper 604

i s sepspthaRdrkukd 10880201 hOHhRY BOPARBE BSm thi MABEMR print
englinses 602 and 603 into the binder assembly 605. The printed page passes between a powered
spike wheel axle 670 with a fibrous support roller and another movable axle with spike wheels
and a momentary action glue wheel. The movable axle/glue assembly 673 is mounted to a
metal support bracket and it is transported forward to interface with the powered axle 670 via

gears by action of a camshaft. A separate motor powers this camshaft.

The glue wheel assembly 673 consists of a partially hollow axle 679 with a rotating
coupling for the glue supply hose 641 from the ink cartridge 627. This axle 679 connects to a

glue wheel, which absorbs adhesive by capillary action through radial holes. A molded housing
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printed sinultaneously to aid drying in the shortest
possible tinme. The paper exits the first MeM et TM
print engine 602 through a set of powered exit spike
wheel s (aligned al ong the strai ght paper path), which
act against a rubberized roller. These spike wheels
contact the "wet' printed surface and continue to feed
the sheet 604 into the secpnpd MenjetTm print engi ne
603. Referring to Figures 12 and 12a, the paper 604

i nt i . 60 :
PSR LS U DA W, 00 AR 08 o
oufse dpre preaatisohedrie dhe mpiak bragiee ehd hinke 0@ 7dkeniayshwhenf thbrestisf the
: I t x| i th spi ke
SHBRRCH 48 g0, 0SSO TRUAELE AL S KNPy 1
maldeddyogsing 682 JemsinyspbiiB ¢leserticuass@ably endeffaviitedy capuhpalut wheel

(mﬁﬁ§ﬁggg5§qgmha is transported forward to interface
W t he g

powered axle 670 via gears by action of a
cansh A arate or, po s this canghaft. The
gl ue %1{8% Fhegtzs el%%%/s 18%5%%1 Hés)‘fv%v%gasg?mm Y %@r ?%SWVS ﬁ@?qﬁeﬁw one
verixhleedger On vhict frong side (agbit figm he dipdt ishgt D& dbdueet) ueitStp@lsyorted

hos 41. fromthe i cartridge 627. This axle 679
doggHﬁ%@fﬁmggggﬁﬂﬂﬁﬁgﬂéheel, whi ch absorbs adhesive by

capillary action through radial holes. A nol ded

7_51_ousimNTéﬂPég@%bgﬁl{é%mﬁ%@ggr ounds the glue wheel,

with an openin ront. Pivoting side nol dings
and sPrURPasoateT eRIgPUer oasigs phe Iserraling precesssr 60, a factory-

insBil18€ ke tﬁeﬁﬁﬁst@l:leﬂgfet\@&k it FhRMRY S Ghs, t Pl Cadid® fhnsOivdr I'tﬁz:msceiver

assenbly 673 is thrust forward. This action exposes
coptfplleryT e basremr cirptibifh RErrdrepit G, apd Rfhiesonprotsdied inductors 756),

duk] Q45 BlagB BRocest DR f75ﬂ%p19£e913§ini in@%&ﬂﬂigwé 7?&%d 760b,
effectively ca he gl ue wheel uri ng periods o
flaghyaenaqry P18y ?ﬂd@%ﬁ]@f @]%éMt 65802 ilhtraied ininguee the gl ue
wheel assenbly 673, adhesive is applied to one
ver t i B&l copitieJing prop¢seorthapdies semteuricapian tithrtbernetiverkf 1% sid with

X eSS ; :
s A
61 pROHRTECTURmITechnetizsaghe P DSRsr75¢ and ipohl ewgine enstiadles 760. Tt

A ..a factorys- instal.l ed
o R SR B BEL Y 3RS oo
754 edinunicakem 9@k thegring ¢ngma soeiolles 76 dnt highlspred ¥58) bus 659.

baseband circuit 754, RF circuit 755, and RF
resorfae g RYIY rasteliretand SombGYs page ulbcripaetsed thavAggage printer’s

| P), DSPs. 757. duplexed [ engi ne .
coffs8EESRRE R bae Gafis SHPELRORRoP-Ra8! Plhpmass pes
to 1of askRANdGFZmjctld printhust 358t ie deal Himki(8) aeovkd 30 PALs per minute). The

. . : th th
du;ﬁ%{é r]?:%;glel A %ﬁ)&ggﬁeﬁii&gﬂt g&ﬂgfdeessof%osger&@l:n% tgnlegur;lyw th the
The master print engine controller 760a controls the paper transport and monitors

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

The printer controller’s flash memory 658 holds the software for both the processor
750 and the DSPs 757, as well as configuration data. This is copied to main memory 657 at

boot time.

The processor 750, DSPs 757, and digital transceiver components (transceiver

controller 753 and baseband circuit 754) are integrated in a single controller ASIC 656. Analog
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| ocal wi rel ess netpage pens 101, senses the help
button 617, controls the user interface LEDs 613-616,
and feeds and synchroni zes the RIP DSPs 757 and print
engi ne controllers 760. It consists of a
medi um per f or mance general - pur pose m croprocessor. The
controlling processor 750 communicates with the print
engi ne controllers 760 via @ high-speed serial bus
659. The RIP DSPs rasterize and conpress page
i i . t i t ', .
L S A R B R S
sepprade BEiohins763adke hermodigntetfearei malules60$ sepewdtelVbinthenetpmge printers
all B el A‘E)%&]f%&%e}g%nrtg %k gzsckor;f-se(lécte%'or qiteldgs\éf%%teé q:le[%ﬁ%leezﬁlo%e§5 8 and
m nute). The upl exed print ‘engi ne controllers pri‘n
theb Dt A3 68Ibi g §4MB) DHRAM 57 9% miad todfivdpu Shhy prilfih engiresdoatrolferd NGO are

engi,ne contr er 760a controls the paper transport
pr%’h%d%????%ﬁe?%&#%k usage in conjunction with the naster

QA chip 665 and the ink cartrigdge chip 761. The
S e of B ek Tueefis SRR 2 Rt i by e & netpage
neSoK wadrtacé 051 bad bptidialyph Asab Séfiputef 2 tvbrk eerBOPT 57 SNetpage

as |1 as configyrat] dat a. i's I.s copied to in
nefiir et efioesyfidt S midedis it CpBe (ishisal gpcems,
ISP Om 6degis! BISTL MAMHGE isMEliteC PRI, Sufrbit 2dha CRKM eration cellular

controller 753 and baseband circuit 754) are . .
‘el?H%P’éegF’%&S%f'd"‘irﬁa ad gfilfﬁ'@?ﬁéc’@il Hop STy tagiceivgselocalnigiepfgees include
IENP SO paE 1 Dort REOBABONE NDEBART Fihdredi SH 2Rl B8 2 BFEEE 1394

resonatars and i nductors 756) are provided in a o
(Fieppenotnd RUPISCHIGS IS Bome HetvoBking keriaprse H ancbtemsy gpapection is
avfiiRblei oh € RREIREBvorR | AGLHBBSAPEEWE iRERER caRlbl QWdt fi8he netpage

net wor k connection to be factory-selected or
neiogl igtesfadeect ed. Fl ash nenory 658 and the 2x256Mi t

(64MEI) DRAM 657 is also off-chip. The print engine

cont r'Bieiradia tpggeiyere’ 33 gppreieatesi in fecdipensed M band normally
usdlByl Bld¥es OfelBRIND LK alleHaBl dI A mEnERFHL RS ﬁ@?fngu%ﬁ,\a’s%%ﬁﬁic and

each providing a netpage "~ network interface /51 _
megisali GWADI Yand, |apd sysec diepeaney  hopringtandr ¢ollisiine géteation 7%2 provide

intNeL ORAE: rkslnternet interfaces include POTS
. nodens, e?—ﬁ‘ﬁ’?% FP er - Coax (HFC) cabl e nodens, | SDN

node aysToTo} [ nScel C
and ggyggggﬁerat?%%q%@ﬁﬁhfg%ﬁh%%?%%h%ﬁ%ég??ﬁ%%%?@%&gthA)
intgjfage frrederdng dac aquintesld profmalerices suglnasoisipaes eametagclalan alternative

i nt. . E 4 | . ) .
erp BRI GE Db he HE 806 o BRI cofflubyriop witpayirably
corlf@@ed nétpagegppis: €) , and vari ous energi ng hone networki ng

interfaces. If an Internet connection is available on

the |l ocal network, then the |local network interface
7.3hn [RASTERIGATON ANR PRINTINGge network interface.

Once the main processor 750 has received and verified the document’s page layouts

and page objects, it runs the appropriate RIP software on the DSPs 757.

The DSPs 757 rasterize each page description and compress the rasterized page
image. The main processor stores each compressed page image in memory. The simplest way
to load-balance multiple DSPs is to let each DSP rasterize a separate page. The DSPs can
always be kept busy since an arbitrary number of rasterized pages can, in general, be stored in

memory. This strategy only leads to potentially poor DSP utilization when rasterizing short
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The radi o transceiver 753 communicates in the
unl i censed 900MHz band normally wused by cordl ess
t el ephones, or alternatively in the unlicensed 2.4GHz
i ndustrial, scientific and nedical (I1SM band, and
uses frequency hopping and collision detection to
provide interference-free comunication. The printer
controller optionally incorpgrates an Infrared Data
Association (IrDA) interface for receiving data
docsiQiats t €ed” from devi ces such as netpage caneras. |n an
alternative enbodinent, the printer uses the IrDA

| nt er{agefnde 'f'egﬁ)lﬂg fé} %lg gﬁbgedegcg Wﬂ%ﬁa&%ﬁ%ﬂ% g%lo%ﬁbt BRlfion bi-

configured netpa
leveRb 4 ENEhiCH eselossﬁe_sslmompmagéécsscghgfbf,eoﬂtm@dnelc@ fomds partl of the

cdocunment’ s page |ayouts and page
col %g%ﬁgﬂw E%Uns t he appropriate RI P software on the

DSP scription .
an dsc’glﬁgp ?gél;gf @?%’%"ﬁ?{‘?@gﬁ% ée co%%?ns 0836%1%%% ta Lit'a (fgnsny
ofpmm¢@gsmmimmoEa$tQQGMm¢ﬁnmwp&sdE pggﬁtmnhgmunhMmemnrmcdaa
t.0
0011 g’? of EJEE lta%ge\lﬁ%é ecei Id}lr%n rgsq%'lez% éorna ‘gStg}éd n tlplei.ﬁoénqﬁgﬁ%d Pagg,image.
al Wayﬂeblga S[Réce?s%? Y5 Ist%g“s g‘ack ?o Fac [})gléés/ %nga[%g%)?o Hle duplexed print

rasterized

engiperoumyrolickh 760). sEhcrlapre]gyngmd qpntrelml §60 ﬁoxf&ﬁ)ﬂferﬂ:bmﬁﬂebsy,d p&@limage in
it 38%1%%I|I2a n. enaraster gln N&gog SG 76. q
*doeument f'%‘F F PP GIPENE, tf?lf{él B%B%P PEeptPgRion an
pnal‘n% is gfeinddziedaitso iais daplacivat foessat Wh icttire 11 4MBeBigdvel CMYK+IR

map. which is |losslessly conpressed to negligible

p“?4?%gdﬁ3“ﬂﬁpﬁh forms part of the conpressed page

i mage. The infrared (IR) layer of the printed page

7. £9nt aﬁ'{iﬁf‘g@%ﬁﬁcﬁﬁgg@ﬂggt ags at a density of about six

per inc des the page ID, tag ID, and
cont r’Be PBEs expansing ap eriefing pivelemefahe prit eegindcontgler 360 consists

of GGRE! e 1EkH I RA. LAST ﬁfel‘f%&:t 59N 2 A0¢laa34 9pES dg}%&gt—ngg%% A gsstandard

ressed page inmage. The maln processor
?Jﬁ’(r:T‘E @<cslfwéek’f’égafg@Stom@éf@n@récwmeslfdumlb%éda cpusﬁomttag anglengss, a

lmg R)Q&err@(g fict uZ@ 967 gl?cf:?cug{olnnkteﬁgc@’]@g toctgc-p %lremi et grlngnga% I,SO

e conpréssed

an d Slth%r rrl‘?lt E%Enepc%ggol?& %@Q %hé%a esaﬂlda 011bI B Egb dd aawgg %{hlle one

Page expansi
pagesis ilqapedaiotoi Mﬁ9sllaoﬂ13 high spﬂ:tﬁlsenml ]n‘tékl?ﬁe 659, ltevetviously loaded

%Eﬁﬁ%@gﬁ/{ gl piassegﬁlrougx the7p'ri%f e%gll?uB Ic:cl)\lmoﬁeNr%pNeEne. Once the

page has finished printing, the page just loaded is printed while another page is loaded.

The first stage of the pipeline expands (at 763) the JPEG-compressed contone
CMYK layer, expands (at 764) the Group 4 Fax-compressed bi-level black layer, and renders
(at 766) the bi-level netpage tag layer aécording to the tag format defined in section 1.2, all in
parallel. The second stage dithers (at 765) the contone CMYK layer and composites (at 765)
the bi-level black layer over the resulting bi-level CMYK layer. The resultant bi-level
CMYK+IR dot data is buffered and formatted (at 767) for printing on the Memjet™ printhead
350 via a set of line buffers. Most of these line buffers are stored in the off-chip DRAM. The
final stage prints the six channels of bi-level dot data (including fixative) to the Memjet™

printhead 350 via the printhead interface 768.
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The page expansion and printing pipeline of the print

engi ne controller 760 consists of a high speed | EEE

1394 serial interface 659, a standard JPEG decoder

763, a standard G oup 4 Fax decoder 764, a custom

hal ft oner/conpositor unit 765, a customtag encoder

766, a line loader/formatter unit 767, and a custom

interface 768 to the Menjet?m printhead 350. The print

engi ne controll er 360 operates in a double buffered

nmannewyhed 8l G}QH@ eng@tfég;%nﬂrﬁiel‘s%@ %Qe dsEﬁ f JAROM s66Pasv *1 @ duplexed

t he high speed serial interface 9, the previously
copfignsign, theygae pychreniged Yig msmwnm@gncamlab A4 Ehilyt dme pighengine
765 rb@le&@d (b tl’f"e‘&ieﬂﬁil ﬁlgﬁérys&lv%l gi‘h 7’% %%Lérﬂgs gees B@ ﬁgna‘? aﬂ?on o the

finished printing, page | ust oa ed T8 printe

Shﬂhihw anot her page is |oaded. The first stage of the

pi peli ne expands (at 763) the JPEG conpressed contone

CMYK They @rint ecoppine depniralier 784) dohiaingr @u}gw.élspeed processor 772 for

r nder s
7 g?gf%ﬂ%ﬂﬁ%?&? qvﬁ;ﬂiﬂ%’){g %(l%aregcle?g llpg}/ﬂg,r COnﬁ lllé %hegpr%n efl(é] §‘§0 viaa
low-apped eariablus d&3, |an©@bntrnlllsgthtelstanpei m@torﬂWIS 6%. parallel.

The second stage dithers (at 765) the contone CWMK
| ay erlndie €onpoms bihe (pag? fd)ter, thh ewdprint evghies bdchpkints 30 Letter

pol S M bl bRl he el (Y s g i
160Q)qlmelt1ttlmdl2(’ atrs@ﬁs?c)f tlﬁemetgage pﬁnte‘n,gthemd }hmt M@nep eefch prints 45 Letter
nt hea fie st of

pafls oL ot B B RiipSpeiye Pleedis R Pingit 1 piand 102 kit
Thddedine frateiedre SAGEth thebgerdting fishuenchahe Men@f™rmkIRNE which in
hdot d ta (|nclu%%ﬁ%hflxative) to the Mcnmj et Tm
t%ﬂW$W:8%@“§§ﬁ i e printhead interface 768.

NPS096- SG 77 Wen several print engine controllers

used in unison, such as in a dupl exed

cé@%ﬂ?ﬁgi ation, they are synchroni zed via a shared |ine

sync Hiegregbnt m@ntlcmrhay bemalepribert wish tfiference 760 prefaied embatliment
an&/ h@mﬂé? Qf %ﬁécﬁﬁcﬁﬁ* n{%ggé %ﬂcﬁi ?s @io@e@e? 1rt vgﬁ I’B@ ra%ht%t?latteﬁ] %E/ those

I'ne. e prin

[ 1 ne sync si onto t shared
skileth Fm@eCGWﬁrﬂ| fiedds th802 combeii n% othet omb@#yeexﬂs pligzgsiem those
; c [ . .
spe}éﬁ%ﬁe\? Ig[.l%saﬁ%ra Wil? Qisé fglg ﬁ:{g@lﬁ'l %gsglr? XB& Q‘g(!:p% fztgg pgegza]t \;P\faentlon.
Acgordingly 8 peiél obesmdplatOMb Ulgat m;nvmmdn do nbtr mtehdadgtot lhaehmlted to the
spe%&%%%%é&%?ﬁtg é%.chb ? ﬁ% 6resént spefﬁgzﬁ@nhlgglucig%ﬁ Qﬁ?leorﬁf gwg;aorated
by kmii-eferenpage sppp(qmam [ 5 ﬁoﬁ aife iventloarig oty migsd 6 thefattached
the page (I 1"), giving aline rate of 8.8 kHz at
TEoo 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 (8V2"),
giving aline rate of 10.2 kHz. These line rates are
well within the operating frequency of the MenijetTm
printhead, which in
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the current design exceeds 30 kHz. CONCLUSI ON The

present invention has been described with reference to

a preferred enbodi nent and nunber of specific

alternative enbodi nents. However, it will be

appreci ated by those skilled in the relevant fields

that a nunber of other enbodinents, differing from

those specifically describ2gl, will also fall within

the spirit and scope of the present invention.

Accordingly, it wll be understood that the invention
CliAimMsot intended to be linmted to the specific

enbodi ments described in the present specification,

i ncl udi ng docunents incorporated by cross-reference

as a nt i on i S
1. i ?ggéﬁ%yl}g ﬁ%}\gceaf;g?gcml%?gg I aan 1H&tlk{1pégag é&:)\ffgren (iﬁl \Wgn said
Sern.smgNeY,len s mrgredl ea}atofe td oreggmmé‘ raatmfumg, trhe girtme hdergt dlipyssed upon it

co %t cﬁt Qf% eorf(% 1dc ??r%fmgﬁegsot?o%e rr%gljornf th g{r gr(t:jf pgleegwe of a
phhraity n’@ref&resmsmﬂs wplmn thetregimodfederdﬁrtgaiewmhoﬁ@hkmg of an
identity of at |east one region of the surface and
I ndi eatnsing nohnsfor heingdtildagt sofne bEthet®ld datpoi nts Wit hin
the region, the sensing device conprising: sensing
neans froces®efisi gegerating egoh idar® diia tliemooaed: dai asmg at least
£330 eratin ipn identity data @
soffl BERE el RecPFHR Gk e G BB Ho NeheBls eovament o
thedrtviae resaiveltonhbyregiomtandat a conpri sing data regardi ng
nmovenent of the device relative to the region; and
ComMuommaticiss mean sofipnfddgu kedmbticao tateieaidentit @ata and the
mav &0 o? gentrtﬁﬁdat@ and the novenent data to a
CERBL £ O/ SOPBIT SR sensi ng devi ce according to
claim1l, wherein the coded data includes periodic
el enents, the notion sensing neans being configured to
generat e th Jovene t dat t basis_of th
2 Sens nﬂ@%r dee acﬁ%@g'ﬁéﬂtC?af at"fq‘\fi’?“’t © grdqdedatn mB]r‘féeSdfe“Od‘c
eletnhﬁs FIBé mﬁdd)rc seﬁklﬁg‘rﬁﬁhﬁ bethg oénﬁ@?&il tB%eﬁ’éiMb e ASeRkRH dath on the
b g ai ns | ,2, mherel the ngtlon sensi ng. neans i s
oS eI B ippr e HE RSP 575t BFe AT TSERGT Agnents
device relative to the reference points or periodic
el ement, thereby to generate the novenent data. 4. A
senS|n%HdeV|ce according t.o clalm further i ncl udi ng

“a di SRR 815 AETTERE MeHMES 1Yk i'EETeldhe Hoten fersing m&ﬂns is

corffigie@né cariile tEpERIG | T Ghel kiGE dbViQMeldi®e ELTIRIBRE&Bce points or

pal &s or periodic
perlodic element, thereby to generate the movement data.

4, A sensing device according to claim 3, further including a distance estimation means
configured to estimate a distance of the sensing device from the reference points or periodic

element.

5. A sensing device according to claim 4, wherein the communications means is
configured to communicate distance data to the computer system, the distance data being

indicative of the distance.
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el enment. 5. A sensing device according to claimd4,
wherein the communi cations neans is configured to
communi cat e di stance data to the conputer system the
di stance data being indicative of the distance.
NPS096- SG 79 6. A sensing device according to claim
5, wherein the notion sensing neans is configured to
use the distance estimted by the distance estimtion
nmeans to resolve a nore accurate position of the
sensi ng device than indicated by the at |east one
reference point or periodic elenent alone. 7. A
6. SeNSi NG fleyi &&@%@&% %o! Qaiftl 81 WndreinWAE" FidtRnt fisin eans is
processor I's configured to generate orientation data
copfagurry tatus¢ destistanoprestofatedty tho disdnaatsamationeneans el veonmore
e ri on.of the
acg.(g%/t 88% %ftstlhc\g/ gentmggtdg\gger %g{ ﬂldu:gtga lﬂg\ tﬁs%eeir‘]cgganfa&{ eIC ference point or
pereioeleineng aloge.cl ai m 7, mhereln t he communi cati ons neans
iIs configured to comuni cate the orientation data to
the conputer system 9. A sensing device according to
claim1, further including tinmer means configured to
7. generﬁatseflsmgt devee raefdiep ¢e chism tlh evissns ith’ﬂ:gprdms'sot gs icanfigured to
gelgg%tg 9 811?3510% datg uglg‘f%nﬁtgeas{/\%)gle Q¥ the £ ded@g%% oré a 1§r\1/ Iga%ﬁg(gﬁ%‘lsmg
daiagegaciinyf thgenieathtiboofttbeiavivi o‘:eiztte/e to theregiwher ence data to
the conputer sytem the tine reference data being
i ndicative of the time reference of the novenent data
as generated by the tinmer neans. 11. A sensing device
8. accorﬁdisetgimgod@lcaim&ding\hercﬁim 1, hveh«m'mrhm iccramindtmion® aRsns is
W rel ess n ans A sensi ng
corgse%l Fed 40 goramyiae tg? oR el i # glm?‘nda? 1%ftur“toﬁlé)}‘lte’f Weflidi ng a force
sensi ng neans conflgured to sense a force applied to
the surface by the sensing device 13. A sensing

o Commint gy Sactasttury 8 Tabit e GLndGimes meauscanisved o
gefepate g tinla tedertime bhthe caRpy Hﬁﬁcesyﬁbﬁﬂ]relhm td e eidhat a
bei ng i ndicative NPS096-SG 80 of the force. 14. A
sensi ng device according to claim 12, further
including a stroke detection neans configured to
1odet ect ,seﬂsylgwhayicefactdwéinﬁ a6 Génimvl) ewhdrdie the BGhmManickEivhs eans is

i.s applied he surface  an .
conflsgurela Qo commumcat[e time reference dﬁa go the computer sytem, the time reference data

being indicative of the time reference of the movement data as generated by the timer means.

11. A sensing device according to claim 1, wherein the communications means is a

wireless communications means.

12, A sensing device according to claim 1, further including a force sensing means

configured to sense a force applied to the surface by the sensing device.

13. A sensing device according to claim 12, wherein the communications means is

configured to communicate force data to the computer system, the force data being indicative
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renoved fromthe surface, thereby to identify the
duration of a stroke. 15. A sensing device according
to claiml further including a marking nib for marking
the surface. 16. A sensing device according to claim
15, wherein the sensing device is in the formof a
stylus or pen. 17. A sensing device according to claim
1, wherein the coded data iggsubstantially invisible
to the unai ded hunan eye. 18. A sensing device
of RGOkding to claim1, wherein the coded data is
printed using infrared ink, the sensing device being
responsive in the infrared spectrum 19. A sensing
devi ce according to claim1, wherein the coded data
i ncl Ly -Of, . i.ch i .
1 i caron o aieronin i kAP, AP iRl ol pesssipn eans
copfagyrddj te detecirty vofy of therferce vdwmt thepoising deficd ik epptied iaathe surfaee and
' ' S [ ' he. sur.f ac t he
rer?@%g ?Ilgrr?gfe?é %gﬁa%f ﬁ’g‘%éf{n"ggﬁ‘%{ tgl% 1|1r§g/t (190%6)1{ a?‘ﬁ%e‘posi tion of
the tag within the regi on. NPS096- SG

15. A sensing device according to claim 1 further including a marking nib for marking
the surface.
16. A sensing device according to claim 15, wherein the sensing device is in the form of

a stylus or pen.

17. A sensing device according to claim 1, wherein the coded data is substantially

invisible to the unaided human eye.

18. A sensing device according to claim 1, wherein the coded data is printed using

infrared ink, the sensing device being responsive in the infrared spectrum.

19. A sensing device according to claim 1, 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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