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1 SENSI NGDEVI 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
appl i ed freehand by a user tijo a surface. The invention
has been devel oped prinmarily to allow a | arge nunber
of distributed wusers to interact w th networked

| nf QINANCOPERICE 2RNP RIVINGSENSIR GIVIERNSIPRBICESSORMND

hand-hel d opti calcGANVPENEGATION FIBANS obt ai n
interactive printed matter on demand vi a hi gh- speed

networ ked color printers. Al though the invention wll
Iargely be descrlbed herein with reference to this
be appreciated that the invention is not
F'Eh@%&“’lﬁw%d CO- PENDI NG APPLI CATI ONS Var i ous
net holie, presysit 1evmt1antéieaqsparaabmsmgrcbme fmgamtorntmfwnsmmpplied

I.nv nt on.are n the fol
reg i ool PRl PG, R, el SH1eR8aE BT OGP pavin
or i€ formavanipplisd felehant bpaeausd asunfageh t he present
i nvention: NPAO60US, NPA0O61US, NPA081US, NPA082US,
NPPO1THSnveNRR a3 WSen dNPIREAGRSnarNPRGIDWS, laNReRORBGISIE distributed

SRR A AR R e s

optRlaNQEAdSss, a&&@u@ ohiNCRdBcti B NS nidier dhSadnaadves high-speed
t hese co-pendi ng E

ppl tions_are.jncorp e rein
nebypr G TUNET oA CBUEkdEh TRRNC ] GETE e pUltas (I with
refe@Badth tHigske By willte agpekifbd MbtReivenlibh § ot thbreBElimited.
repl aced by the correspondi ng USSN when avail abl e.

Vari ous nethods, systens and apparatus relating to the
c@mneimchwmme di scl osed in the follow ng

co- pe@zﬂ‘loﬂg fn?al?@dk c {eﬁlgsandl I@QraEX rteﬂﬁ rFa% tllleC Een@ invention are

assi gnee o resent entron o ober 2000:
dlsNBAe@illmL@ fdﬂmlddsaenm@mmmmmm aNﬁﬂ@lE@U@SSlgnee of the

NP 4US, NPSQ08US,
R drin R R RRA BT o, Uponls,
NEAHUE TR AYs PGS 05 Wisfls | hj‘{!ﬁ% Bo09endBMigus,  NPPOL3US,
ANIRIS | NERRIST ebeh AT DXIPhoRTS,  Nesol4us,
N S017US, NPS018US, NPS022US, NPS027US ~ NPS028US,
NPTOOSUS BINO1US, BINO2US, BINO3US, BIN04US
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:

NPAOI1US, NPAO031US, NPA040US, NPA046US, NPAO053US, NPAO59US,
NPAO064US, NPB006US, NPS004US, NPS008US, NPS013US, NPS024US,
UPO1US, UPO2US, UPG3US, UP04US, UPOSUS

The disclosures of these co-pending applications are incorporated herein by cross-
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This wll

Each application is tenporarily
identified by its docket nunber.

be

repl aced by the correspondi ng USSN when avai |l abl e.

Var i ous net hods,
present

i nventi on are

systens and apparatus relating to the
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co-pendi ng applications filed by the applicant or
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ref@bRG! 5N %‘pz) I

I NCOr pora

pr esent

Each

i ngention on 15 Septenber
2000: NPA024US, NPA025US, NPA047US, NPA049US The

tioh h?%&g@)‘? Wﬁ&gnﬁﬂecﬁwlﬂscﬂck& rh%mfﬁ&e This will be
erein Cross-

r ef er ence.

repkappl byahe ¢oprespogding B8N avhien gvailatldait i fi ed by its docket

nunber .

dlsca?Peg g1

cl'ose

This wll

be

LiSRERL

CO- pen

e

i nventi on on 30 June 2000: NPA014US, NPAO015US,

NPAPAI D USNPAPZ S, USNPNPAOBE USNPARABAL US,

repl aced by the correspondi ng
USSN Veniews amﬂxoﬁsatﬁydems/and opparatpt elating y the eprgsepin évention are

I B 9l I

prefdnt meferitipn tinéS Sqppdmbea?00o0r assi gnee of the
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NPNBFG) USNpABADISOUSN PNBAQ IS, USNPNBAR I8 USN PR, USNPB004US,
NPHE’G’.@EB USnpidEQ USPEOIAEY 0 USPEOGARY 1 USPESIRAGS 0USPEC07US
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NPKOOZLGisc IRKEDO3 dese ¢

NPMDO2US, NPMDO3US,
refeqpipen Bed, a

repM@

NPS OUS NPTO01
NPXOGA\Sus 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
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NPNOO1US, N
mbEtion s tenympins idsntifigsbby 2isgiockey
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NPA048 US, NPAO75US NPBOOI US, NPBOO2US,
1iEKEOE P cofOMEdd Hezin by cross-

;g%gru§‘hls will be

SSNRBEL SdBanINPSCO1US, NPSQO3US,
, NPTOO2US, NPTOO3US, NPTO004US,

present invention on 23 May 2000:

NPAOO1US,
NPAOOSUS,
NPA018US,
NPA048US,
NPK004US,
NPNO01US,
NPP00SUS,
NPS020US,
NPX003US,

TIM52US,
MI15US,

PAKO4US,
PEC02US,
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NPA0O2US,
NPAOQOUS,
NPAO019US,
NPAQ75US,
NPKOO5US,
NPPOO1US,
NPP016US,
NPTO001US,
NPX008US,

MI10US,
MJ34US,
PAKO5US,
PEC03US

NPA004US,
NPAO10US,
NPAO20US,

NPBOO1US,
NPMOG1US
NPP0OO3US,
NPPO17US,
NPT002US,
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NPX011US,

MI11US,
MI47US,
PAKO6US,

NPAOO5US,
NPAO12US,
NPAO21US,
NPB002US,
NPM002US,
NPP00O5US,
NPP018US,
NPT003US,
NPX014US,
MIJ12US,
MI58US,
PAKO7US,

NPA006US,
NPAO016US,
NPAO030US,
NPKO002US,

NPMO03US
NPP0O0O6US,
NPS001US,
NPT004US,

3

NPX016US,

MJ13US,
MJ62US,
PAKOSUS,

Qanﬂ)]e assignee of the
Icatl on

present

ep?pé@%aﬁl? or assng’nee of the

NPAOGO7TUS,
NPAO17US,
NPA035US,
NPK003US,

NPMO004US
NPPO07US,
NPS003US,
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NPX001US,

1352U8,
MJ14US,
MJ63US,
PECO01US,



NPX003US, NPX008US, NPXA 1US, NPX014US, NPX016US
[ J52US, [JMb2US, MII QUS, MII 1US, MJ12US, MI13US,
MI14US, MI15US, 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 cross reference. Each
application is tenporarily identified by its docket
nunber. This wll be replaced by the correspondi ng
USSNT]Q%‘ ﬁﬁc]@éﬁﬂa’s ozill?llleg cé\lﬁéxqgr'% ?gm%tlorg%g( med herem by cross-
Presen user of a co stemtypicall

referenber Bech sapwlctahon fige tegpotagity wpw@eda y iitrioekst npgper. This will be

n eyboard and/or nouse for

replgcne%%tv?l%/e cog'es Pﬁﬁ%@éﬁ@h% ﬁaébltfe >s/uch an interface is
pomerful |t 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 #s al so indicative of a
plurality of reference points of the region, the
notion sensing nmeans being configured to generate the
BACKGERBONpdata on the basis of the sensing device's

novenent relative to at | east one pof. the referenc .
ot et en i G aisdmpies §in SR pRERHELT TE AT pine o
mofi@@ el displayihd) mhgatdﬁsoxpﬁfdif @déy@ozg'ﬂ QA®BE MoudeHfer MPhttitd information.
sensi ng neans bei ng conf.i gur to nerate the .
Whish BB BETACOR RNETBad & Thuyehs bElky g Jon-gerfablse Teformation
prifiiBY A BRer ot B leXferltd radd drdatdre PORVY tHah @nfoBkdtieflidGplayed on a
elements. In a further enbodi nent, the novenent

comRueE imgitaRe BREeyendinliliea kexboprd 98 Mo¥tfe 2 PeRk B PEIRLESNERY lacks the
abiB§RS {nRaciB AR Sompule sébegh.er at i on sensi ng neans bei ng
configured to sense acceleration of the sensing
device as it is noved relative to the surface region,
oBJgeTovenent sensing neans being configured to
generate the venment data b r1,0di | i
Phe 16 8 BRI Peaf B Qoo BB ERteeS B R M paper and
confjfues eystenisnvent i on wi I | becone apparent fromthe
follow ng description of enbodi nents thereof, by way
of exanple only, with reference to the acconpanying
SUNMMARY @F INVEBOYGNSG 6 BRI EF DESCRI PTI ON OF DRAW NGS

Pr ef qht pis AP fvatids el R8O Qi stRiNoHeAbe fol Senkily R3tdn Gientyl data and
now be descri bed way of non-limting examle

b . .no . )
gengifiye mayent @%w_bfﬁb%e B5SinR devitecy MosH el ueavPHe’ of ¢ frface,
the %gti&haerﬁbgwgbang RdRatVe e IR Idefitd bf e k&ifor, Hle@dven&RidRta being
~ between d sanple printed netpage and its online page
indigatéver¢fphé emayvenming gf thezepsingydayich aplativectovihe gpgiph, the surface having

dishULERG PP INCRIAvIEE RAGES BENegith NSLRALEWRN IHlB ace, the
a netpage page server, and a netpage application

sensing device ifkigglinge 3 illustrates a collection of netpage

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; Figure 6a is a plan view
showi ng an alternative structure of a netpage tag;

Fi gu ¥ arf5 Btehisati@e %Lt%rain\@nﬁ \%esct&géﬂ 4 iﬂclﬁtﬂs %E;‘i&ﬁhsaérﬁ’ents, the motion
between a set of the tags shown in Figure 6a and a )
senfing Intbaisf beirigesonGgured thegenargte the moivenoent deth o8 tho baskseoffthy pansing

of ,a net n. ki LS. &: i ew showi ng an
dm@?ﬁﬁ%ﬁ@ﬁ%ﬁgggggﬁ?%é&%ﬁﬁgﬁg&?gégﬂé g%%n%h Figure 6a

wher targets are shar,ed ' . ;

Fgurt BATE InBhdnShr iR mRiaeReRRRORERL haRRs o et one
acceletatibn Gansdfg trieenss yhieb at@leoftion hendimg meagso Heing redsfigyfed: ke sense

t .sho in Figure 6a;.Figure.7. | fl h
o Bipm et sthoink 8eYice S ahis kel fidint & B binFle M, B afbyement
senkifig tnepB RfRCohiigirad ©\geadrata titehpagentpiam @nekriotisally sampling the

aésociated tag-sensing field-of-view cone; Figure 9
accperalfolar spect i ve expl oded view of the netpage pen

sho in Figure 8 Figure 10 is a sche i c bl ock

i ag At 208 pemisesFh B e al i amB AP fiam the
folFoWingEiegiﬂiF:ﬁ& & adtdd@ienfsitiiécE, blwdySofax@neple paig) witerefirawe to the

of a wal|-nmounted netpage printer; NPS096-SG 7 Figure
accempanying dEa¥iRgson t hrough the | 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 gl ue

pat hs, and print engines of the netpage printer of

Figures 11 and 12; Figure 14 is a schematic bl ock

diagramof a printer controller for the netpage

printer shown in Figures 11 and 12; Figure 15 is a

schemati ¢ 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

Mem 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 small part of an array of
MenjetTM printing elenments; Figure 19 is a series of
perspective views illustrating the operating cycle of
the MenjetTM printing el engnt shown in Figure 13;
Figure 20 is a perspective view of a short segnment of
a pagewi dth MenjetTM printhead; Figure 21 is a

BRIEF PERCRIPFIONOE DRAWMRES Cl ass diagram Figure 22 is a
sche i C,Vi of rinter..class.di agra Lgure. 23
s aletrdand tdieaoBimet S PRSP PTne drginE sfvey of
nod-Smiing @ikt dnby, Witk vefeknaa o thp pldotipirying dedvasgs, idivddoham
Figure 25 is a schematic view of a docunent and page
Figf@SICisiapchedinti€ lofs $hedeAGS B befwegn s @andle printad sctppgeraid its online
vi ew of a docunment and page ownership class di agram
PageidgisFRUo%y s a schematic view of a terninal el enent
. speci.alization class di a;?r.amb Figure 28 is a .
Figgeerre it PECRRERYIST o S10MFICEoR PENER @ SPBEE Tz ArFBRES Priter, 2
ne Qb6 &fa nefpa lidd%ioh Serer;sChemati c view of a
ygggf%i nk el errentEi %pgs di agram NPS096-SG 8 Figure
Figdf® 3l iflustraeS NENREdh of h&p gefserferd ¥ifrinteikinRtBhmRBled via a network;
specialization class diagram Figure 31 is a
FighNERRtskieméti€ WeRfof @ hiBhAEVd btilcasle F Optntddl rR§RgdinddisaRline page
Figure 32 is a schematic view of a formclass di agram
despiipfiphe 33 is a schematic view of a digital ink class
.diagram Figure 34 is a schematic view of a field
Figaieadsa Plapdey shoming 4 mcred e ngfpaggiiagm  Figure 35 is a
. schematic view of . a checkbox field class di ag%am C o
Figmiopbrig a pinjvievwashowing fgelaionphighelyeen 2 sehof te tagspheyn ingFigure Sa

and A4 8fVliew & AR eSbndiSe fovike RENB TG of h BMpAE ﬁ@n;Si gnature
field class diagram igure 38 is a flowhart of an

FiglRRbis IRCASS sideyif] HQUcbafile sFh@ME 8f ShtApagstag; det ai | ed
flowchart of one step of the flowchart of Figure 38;

FighieQ8li€ 2 fn vievAshd G2 BkiafionshBWeRfeed 2 BADR tIRAEMEhowH HEIBEr: 62
el enent class diagram Figure 40 is a schematic view

andgr fiedd pladeyupiaanctnegcienying dmice inibe foumn 947 8628 PElire 41 i s
a schematic view of a favorites |list class diagram
Figure 6¢ 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

. Schematl G vi f RED i of Floglar8: 49 is a
Flg?’%é&cﬁﬁaasre %O}é?}ﬁgﬂg&ﬂ}%ﬁe c%%{?%]l}egﬂg? g%{rtiatorﬁrﬁnigganld’ Fi gure

_ o Vi Caital el 295 )
o 145 RSB ALLEY B LA Pt BBl o
and2REFHRRIEB<ARND, OTHER EMBODI MENTS Note: MenjetTMis a

trade mark of Silverbrook Research Pty Ltd, Australia.
Figim 18 hea peteifed rvicadofeth ol camsrdee, inkenit andegiie rofhsi apd print engines of

caonf i gur I | {y» the netpage networked
theg%ﬁ%ﬁggl?tgg?f;@%\{rﬁ lga%ﬂetj;i | ed overview of which foll ows.
Ltowi || be i : reyy o Liged @Bwn i
riggge 1 . selGnBRBIER Wl I hinicP Cpu U e (R SEE AL BB in
Figepell éndd2det ai | s and extensions di scussed bel ow in

relation to the basic system However, the systemis

Figgte 96rik hachdnfatic blogk diagiamcahpipiikel prantrengioe ceduwdlers tahé Memjet™
.need for, external reference en. gttenpting to
Pri ST O PG T G FOED PXHEEY B e sed
. emhodi mepts an ects of the present . invent.ion
FlngE?a% echgmaty P?Oé?ﬁgaﬁwaqfﬁ}e I P Op vl PSR TR s 14 and
15;net page system enpl oys a conputer interface in the
formof a mapped surface, that is, a physical surface
FighBi1¢ s £208padtive vieR Tt b SiEIe Mentj@™apriRipg Ofembitcassidéd i cfor example,
mai ntained in a conputer system The nmap references
the petppgs eripteiedfiFigresdf) tuke: appropri at e sensi ng devi ce.
. Dependi ng upon the specific inplementation, ,the map
Figyre fl 8 iserieespecting vipw obmamalrartal 89 fryy ob Menkgh spriitipe clgments;
defined in such a way that _a local query on the .
Figurapfdl assrigsadfepogsipedtive vias uesvpiingliba operating el b Memjet
pﬂn?ﬁ%%ﬁ%&@ﬁ&ﬂtmi mpmgnd anong different maps. The

r system™an contain information about features

. h . LAk iQfim .
Fi gt(rl)rg tzfr) ils:a \}%%B%%ge \é\g\” roi" 981%1’%52#]12&:11? HP@L;%%W@&@Q@)/ ﬁ]%ﬂhcgﬁ,

ased on nap rences-supplie a

. sensin devi ce used w : pped surface. The
Flg'i"ﬁ?g%sr?%flil%nrla}/lf it O?gfl ?“’}M‘é%%dﬁ %gaﬁﬁ?ake the form of

.actions which are.initlated he conputer system on
aﬁ g d altn
Flg'ﬂ)rggallsfasglfe “éwgvp‘)’é)rf%\ S} 8488 hse to the operator's

FigliJrQ 5? Es%cstclile%%tigm .vitevn' 0 Q%ensclfe{s]; gﬁgra}:n? atures.

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;

NPS096-SG



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

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

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

FigH([%%Oqan hERRR T &4 1 S/g rfnh@elxﬂx%?%@ahz%ﬁ&t &4 d1§§19§1t rates

Ker than paper nay be use encoded | nformation

Flg{l{é 3038, RESERIVRY, ofoalr-ﬁggé#hm%@&m'u o3 difdfAr ed absorptive

and so an infra sensitive optical sensor may be

FlgHI%%g is Jz JcP%%ﬁic.v?eQV cgtagf?rﬁn ALY gla%ﬂ%t h_S may be us ed or

nsi ng ni ques er tha ptical sensing; one

Flg?% L8L ?%ché’rﬁat%%%e%vooﬁsd?a%ﬁﬁgﬂ ﬁ%éscdizi and sensors. In

erre orm t1ve buttons and hyperlinks on

Flgure Q i Q ﬁen(faq vlloe%v c{flh Ifféhﬁe‘iﬁrﬂ&n&&em&l&%ﬂ&@&as& ﬁla%(%{g;? :?te ces

orrra I on rom e net wor or to signal

F1gt.u% 3? 1&%0?%‘;2510 ew (ﬁra &héoﬂboﬂ?e%?aéss §ﬁglja91 one enbodi nent,

et page Ts autonatlcally

Flgurecj%%né szcﬁgm%c%e%vo Vel ?gld fa0s cﬁ? ter text ' n the

em all'ow ng forns be filled in. In

Flgurel'ﬁ%rls e%?ﬁﬁr?&tﬁr%v@df as ?Lﬂ% JH;E(F?ETSE 89 ed on a netpage

re au |ca y ve e- conmer ce

Flguﬁeaﬂs ach?v?cggrt of 8 IQﬁJt é%%&rsﬁg X]rg Althhor I zed. As

14t ted net page 1 can

righ SR ar}fetaﬂeabﬂévggh%wn%; P?h\é"ﬁb& anGPiahe ki 11 ed i

e ‘user sica on the pri page and

Flgureld@c:t 3 S% a&Hc v¥ew of %) p%;lgﬁ & rﬁ;a%ﬁ 'ef%ﬂ)eﬁ%&a‘é@&ggralﬁ £ pen

page syst he exanp ows a - Request "

righ® e gs%gl%mat{a' %&%@soﬁr@gd% ?)ﬁ%lagénﬁ dlimand a submi t

& et page consi s gr aphi ata 2

F1g8re 4qt ead sc#éc'megg v]\{elwséfgll vkt s s &9 gr data 3 printed as

ron o tags usi ng 1 nvi le ink. The

F1gﬁ:%r4r2 :Pscﬂ ﬁg e%gog‘aql?s‘f'cﬁ'ges ta%pdlé tored on the

escCri I'vi dual el enents of

Flgure%tB et &;ﬁ atlc Vik 6”}{ a s&.\gslé‘l;ﬁfon d%ll\%%ﬁné‘tgfopcﬁs the type and

ent zone eractive el enent

Flgf.lﬁ;cl 444 sg seci%m:It ce)w% (%ra hgb%r%@prre c;i/h%s &é%!ﬁﬂ' e), to all ow

I nt rpret |nput Vi a

F1gure net \Nﬁ itic vhe%v (ﬁ%q\ggéﬂdlgy cEQz{Plﬁﬁ profto%[)l exanpl e, has a

corres patral extent of the

gg.%%elg : Qamreg LN ggs%@gcaat ed in Figure 2,

age pen ofmof which is

FlgBrquns ascﬂe a he%vsofga,c%m%lsgiogrp%n?eﬁ’?%ﬂopad in nore detail

RS conj un netpage printer

FlgHre]4’8 1sa H:] MtV &%’he{%&%}%g; .nting _appl I ance for

ce or e pen is wreless and
at es secur el page printer via a
PG L Tt D

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 11
to 13 and described in nore detail below, is able to
deliver, periodically or on demand, personalized
newspapers, nagazi nes, cata$ogs, brochures and ot her
publications, all printed at high quality as

I nteractive netpages. Unlike a personal conputer, the

DE‘fﬁiLFE?tP BEEE:'n{\lsﬁbN & HRRED QNDBTARR EdBobmENTS

tt
rror niNses: Mgt srsmtra& m%@ bR o onr ey HIEA Gl
kitch b kf ast tabl
hgugéﬁg}eﬁ%@%@]&wﬁﬁ%@na zl-realp?emlgn fsgcrrom?%eddtgyvorlf f”‘t§|ﬂ§e netpage

net&OIES cdnibuled BYRinD R, deRRSK &R Picviof Whibh &liawel Iﬂwm 16t dppeciated that
versions. Netpages printed at their point

noteyery implemeniation |l ecessalyeabadpill gseyen MoFAS é*fe spifig,detal and

ext%sﬁﬁ%!il%s%d BRw iR td HE babicQl st HoWeQErathb kysRn R désdibed in
own In Figure 2, the netpage pen 101 interacts

its wiash completeofved i@atedussnthy sed vl @xtemal prigience Whig attempting to
i &hidh SO iR IEmERMRs! hitasPectd BE the present
um%ﬁ%%?&%%?%ﬁégola netpaggfbrlnter NP§096 S mil Thep
invgtionperaté01 sends the interaction to the rel evant
net page page server 10 for interpretation. 1In
appr dpbrieft @mpiarg the peefroed forrhefl fha getpagsr systemsaiiays computer
mterf%{r;ft[ &SPondh 18, %ﬁﬁeﬁgﬁrf&g tﬁ:ﬁ 94 gﬂs?cgf]surﬁ&'mﬁélﬁéontams references
ware running on a net I cation server 13.
to alinep ab‘qhh iserfdce onintzwedan awalyputer systannT@em@ rgferengysong be queried
rinted.on t lent; h
by 8 g e bl 4 R Dol DL WO sEISE' BienliFon, e, mar
reférbiecpmeyf & anected @ixibbylormevisiblpyand defﬂrg:d irsewh p may thaj uleeat |qm1y on

the\év'igztgjgacr Fﬁ%&%gﬁ%ﬁ T Oﬁ}ﬁ%éitrs Irrrg mér%%:’}ienfe @(ltwth %ﬁﬁne er rw)among

diffefsnfrinps. tIth SorhRdngitag yan bt mfﬁhi)atlomal@ht Ep@@a oantlee mapped
surgalag %ﬂg %ﬁrp Ellf)lg E:I r%frgﬁrlregg%aeeg%&mag ret%{ences suppthgd by a sensing

devildeblsk€ ¢ &Ilﬂthﬂe Bappddharfiiey The alforahdsmtie Iretﬁevled saofaka the form of

Iradlt onal azi ne, such
actjops P g zletI@P%@én@ GHBRLEr SYSTSHR &Yy B¢haft of %F 08% g InSEPRRsSE i the
opctatBeSinteRRUA W HIDGE blteke feafireseasy navi gation and
confortabl e handling. The netpage printer exploits the

gr OW Grs §¥eTbrte@Afolh.! e ﬂfatg!@é’e‘h@ﬂ@rﬁ nelids heth® ptodacivn sk, and human
Cabl e service is avail le to 95% of households

IR ot BB SHEPCHbPEOLERY SEPUPLEN GRRGrTig on ornary

paﬂef PRERERE Wolll BleNBlerad®eas® }Ja@esahﬂ?&ﬁ‘ﬂﬁ’on&‘d ahdoddd én éa0h 3£§%usmg
of  these. The net pa rlnter can al sg oper at e W t

inksyickots SubmBall iBHSIbIeKp heceed hYRAEYP. oHgeRk- darFYFE rag}d thereby
thel doHBE d RS, daf\WRsehIBS anodf)ﬁl:dlﬁrymﬁgmg Pt and AERAGHedt Dahe netpage

net page systen1can e enab usi ng eX|st|ng consu
systemk jSgbstrates other than paper may be used The encoded information in the preferred

embodiment is an infrared absorptive ink and so an infrared sensitive optical 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
NPS096-SG



| aser printers, although the systemw || operate nore
slowly and wll therefore be | ess acceptable froma
consuner's point of view |In other enbodinents, the
net page systemis hosted on a private intranet. In
still other enbodi nents, the netpage systemis hosted
on a single conputer or conputer-enabl ed device, such
as a printer. Netpage publijgati on servers 14 on the
net page network are configured to deliver
ri.nt [ .
Bl RS it 10 R BB i bRGAGIRLy 4R Bod and convertd
to ctonlpatebte&r mhhengetmage pstpen, pHowing fagmy tabepfliedtio.da tothqgelalmflmeﬂts
54 SEFTE PlroH b av B RLRE b i ABRAR e ebfferes rpmgactions
to He&éﬁhﬂdlﬂﬂﬁ]horii&&f profiles. A net page printer can be
configured to support any nunmber of pens, and a pen
can  Asalistrisicd ih Eigyte nLenfpettedofetpagt pageegytsbmaénisraCﬁW folittewhich

preferred i npl enmen each, net.
carl b ] Pl PR oo P RBGAL G d A oa e Bl vi
coxburfi@kion Eﬂwé@&}iﬁi@ﬂ ap@ths netpape syﬂﬁﬁl'[@l exhnipte shagha FhRxbest” form

of the faml 0 user mai nt ai
corinipg RRSte 49f 3 dres e i ¢ Sﬁ@ﬁ&?’fﬂ% e ‘?Fi&aﬁ%a"é‘mts Py phic data 2
pru?é’cp%dn‘tr‘%ﬁélﬂg ifkE5niedod & d=8PPpriirfiéd dsQtol@tive bf tagsSusifigngvisible ink.
ha

e aSS|gned pen is only used by the.re
The siiePRPIEABEe SCHORAVT S Bt RGP BresGie e marvidual
elefﬁ@ﬁ’w of thhRSPRG: FpakiculdFaY BRcrits thel tPpd ARNDAHAY ctentI@ine) éf cach
t page pen_ can al so be registered with a netp

mtqf@c@uvg Pleaerigho.der\iskd aribugpl 1 IeKSEmPIEp (O Iovofhe pEpRze system to

cor&@ﬂ 'fgrpr@lﬁﬁﬂ.lt QEQQéJﬁHtpcage Tk Suthit QMR 6, FoPEIRDRENAIAYHRNT Shich
securel aut hori zed using the’ netpage pen. The

Corrf@pqmég@ thfefij)ﬁ%ﬁl extentof the epryespordiwgiarkis 8 he signature
captured by the netpaq; pen with a previously
r egl disaHesgraesi gnbiewee, 1 |n|efemeri§nult91»tad>r%fa¥%ﬁ9w ehvhich fszbown
in ks § ahd182hd Eié’sc{ﬂ%dqg nforé QA baEw, S\%ﬂ(@fn cofful@lon wzth a netpage
onetrics can a be used to verify dent|t¥
printer 69l oaw Ioterneheonnested pgatitseapplianet fonbemd, ioffige ppmpbile use. The pen is
- Rﬁ&ls link 9. If
B DAL S0 ST st L St
desmtedl |thbe1uenpea[yl bdcoakged trcthe asstQm atihgnm wirgs Aol pﬁl@@d transmitter,

aitl}oggl‘agq%aly aIEIVéSqVIII{IYS?ﬂ on, it can be _Conf| gured never

i VET unso Junk mail. Inits preferred
formyit only i C I LLRE%H R'13 and
othef%fs m%ﬁ l(rJlrerzed ég%%%gg &%ﬁmﬁlgakggbiggh ﬁ o

desogbadaig enqpe idetib below, isndbiik® delifverx ptrmdmaﬂlsempn éenmdl personalized

ne\{/sr]?gpetr" nltmé%\{%é%g "Iﬁﬁ}%%ﬁ’r%’k‘%g%r“g‘} c%ﬁ% é’b 1cat1 Jtllgérm\&?l at lﬁ’é@/"éﬁahty
as Infeaclid net@gess Valilen payoniieconpater, ﬂie&letpla@ firnten i @i appliance which

anu %Srf%r %}rs:an?p eC hwa{flsmounrg%yacp acett t%v:!md grg:a V\\Jlsl.rhtelt;: {‘hre] emt?rrkl)f.n!g inte%s 59 first
consumed, such as in a user’s kitchen, near a breakfast table, or near the houschold’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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expose their printer(s) to outside users. This may be
by way of selecting outside users allowed too send
junk mail. 1. NETPAGE SYSTEM ARCH TECTURE Each obj ect
nodel in the systemis described using a Unified
Model i ng Language (UM.) class diagram A class
di agram consi sts of a set of object classes connected
by relationships, and two Ki nds of relationships are
of interest here: associations and generalizations.
ThéVPriRSH0E séHdb B2 ihERERRAES ttl§ rSIR Rt H#diPiide Phoerseivat 100108 RtdRpretation.
petween objects, i.e. between instances of classes. A
In gppraprialei crawmercsse gt Rage suvararnds| saesissponding measagh® application
Iy f
colf 88 8 niflog L1 e 127 s e ey i
umaﬂmdahapwmﬁwhsh51%@@d9ﬂ&kbﬁ$mmmmpmmwclass B, then Bis
sinmply a subset of A Each class is drawn as a
r ect dihgl etjagb elysien wis t inadeh eonsislavablyf mptee corvaiient int the preferred
embo &éera}xlatngqbe%nlg sgti I;]ne c%nélm]%n%f with éhe%(%%{ glﬁé?(ﬁale% r@lﬁg’chamcaal system
(ME]\/@D bakd tnlkpt (M@nﬂeﬁ’(‘) mmSers:Jﬂn thhepreéttra%gsfomsdptbm techupldgyorgiatively

b [ t | t
i it hAOGR B, S mRE VR SRl b bl Eptemed
fonm)deietpdge ﬁ\l‘bh%ﬁ)ﬁdﬂaﬁtﬂeqﬁyslsal %Mer&&cﬁoif & medifionahi Inaﬂgsntagmzme
asses, t|on | abel.ed, at. gi ther W ih the
sucfy g S PRI ok PR B Pl oG BRAEY bind Whotherfor
easuhigaibh Siddpmifstabld@andhifg.ast er i sk ( )  NPS096- SG 13
Indicates a multiplicity of "many", i.e. zero or nore.

Each Tas segigtrintr Ieﬁp!ﬁp;tth@ gﬁbvh:)g dvaﬁx&)hlﬁjﬂ of Biohdbahd Itermeraccess.

nd is al sqQ option bel ed, at. eit e
cail egvigs = prilb it Sop ohihe FF‘S“’ldé e bnigd % B S gl ipem Service

offérnlgl W SHdBMmdAReAPOERER I Deads 5QERIE kOPOY% "of trefka The @étpige printer
is drawn at the aggregator end of  .the a5500|ft|o

can| glsgoperate gatheioyyer SopReHAS BY A TSIl ipngen dedivepy fimey, of {OXFRImage

quaity 6 R ifdedd AR nb@hdd Hlerh \O8h K AUBIES usm ﬁéﬁn@@or@ﬁrﬁ&\ﬂhkﬁt and
(i'n_the form of an open_triangle)

at
lasegjepfgﬁq;,l althpughn the ngystemruii] gpeéqt%\ggorﬁlsg)@/ﬂ}éﬁpql il therefgre Be less

acch;ﬁ«rikﬁe Rt 4 QJ)rEmQél@Qﬁtﬁﬁfsof ALY, 18! A8S e%b@iﬁehtgr th6 WatphdeadySem is
i's shown with a dashed outline in all but the mai n

hosgtidaaiy apvivits EFapRsf Innstid qther emboqhgient@,,rfémefﬂﬁaerﬁya@m rif Bofteslson 2
sm@ﬁ l:&? s ngfecdlﬁ ule? efifel rd@\qce duch NEJRAGES Netpages are

at | n on which a netpage network is built.

They N%F?g%é Plﬂvfli@anoﬁasgﬁffersblalsﬁgﬂﬁésﬁ F@B&Myﬁcﬁe 'i:@nﬁgul"gd to deliver

publ i she ormati on and I nteractive services
prinfeuplity e pédinations stoofnetpagsr | mingeds. pRepéodicet  wbHeationy rave céelivered

autSrSglcglﬂ) té @Ml!)s%f‘ﬂghé’ n&:ﬁ)g&egrimeltshwa pointcasting and multicasting Internet
protocols. Personalized publications are filtered 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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references to an online description of the page. The
tags may be printed on or into the surface of the
page, may be in or on a sub-layer of the page or may
be ot herw se incorporated into the page. The online
page description is nmaintained persistently by a

net page page server. The page description describes
the visible | ayout and content of the page, including
text, graphics and images. It also describes the

sulp the page, including buttons,
“mﬁggg% ﬁlﬁgﬁﬁ§ dg i nput fields. The page descriptions

of dif I‘&H'; ?EE ﬁ&;% 982 1R Yere?lhﬁfhea Qfegm&alon%u@a 1@%ndfinked

i mage, e ne pages é e associ at ed page
to cheser mptei mm)entacraed weoopgh.yThds f @rSemomﬂmee PiyaRfats to be securely

aut ?e]risz%crl Iugllnlﬁ.l(irge n&%algggé%gn?gé B%gggﬁnl% istrdioh Lﬁgl%elr @angf Eégqgé sithature

age al

capterekb byviht metpageatep agd aqeevionlyi regstengd fsrg(;aéurp,oalllgymg it to authentlcate
S|nult NeOo Sl ca tured and DRAYE
thes et & UIP %’I el pages can s %r%e ?r %e t%% it H%eﬁs verify

idedliits CA ivpisioaof tHdomﬁjaﬁ pentiacladek ﬁmgqrpmﬁtscauthg,o@gﬁed 1n a similar way
therw se .identical pages to be distinguished, each

by fhe 10

Pﬁﬁﬁﬁrﬁﬁs 81 ¥hEG a uni que page identifier. This

Dot webironh = RtesgsEE LDy Sehatse et CaS sl Wy tnine nevspaper

wit@BM i us@ AR Alent@dn, iS@n bk feoiifi@redmeneran nieliter Iuﬁsod;lmtddl jutthmail. In its
t he Ere013|on eed no

prefgiied fyjdgli Yeésrlgeé"“ti E@%ﬁ"?é‘?‘%?@??éé’f P‘&}e"t“ﬁ% aﬁéanzed sources. In
thi§l RSkl el Ripab praf&dslaalilien fax piatlitheot d-mgil adhenttvagch is visible to

identifies the uniq age on which i ars
amyt gk gpgilen; why ke e F%@H@}efr} °f fe® dffég éﬁﬁeﬁ? “b"i‘f q’F fatire
sysiEPREP beofradevisibla®o Bﬁtﬁﬁ@ﬁd’eﬁﬁbr%ﬁ@ﬂ&bﬂﬁﬁbﬁ Be prbfidédgitiaths @bility to
identlifies its own position on the

xR fhals PERPEDIE SUISIdY UHe Thig gev &¢ by yay 2 i Selseting qysisygers allowed
tocl€iPjuhk RgH.ow. Tags are printed in infrared-absorptive

i nk "on any substrate which is infrared- reflective,

such as ordinary paper. Near-infrared wavel engths are

1,1 nvi m@#geggygmnmﬁ@m% but are easily sensed by a
2 O et ShiEr P i GO 3Rlent | deHfleR BREOR Unfle Niddobifi Larduage

sensof se STtive Ive wa
(Umvelleemgtagmm”r&y chaes d&gmim ccmsmtm aha cetsef med |clatS@rs gopreeted by

requi.red . vel e
relaoRy oY i aé‘flew%% E%?Ciggf) £l ﬁ “Ugh s%? sDef St%g% il){%sl,ﬂ‘!i ‘s &y, and
gerdfhliddtRas. Iﬁiﬂg&o&m{‘epreﬁeﬂtdﬂ eomaemag;e“ iplefionsbiip Cletheatn aﬁmbcts i.e.
t he data oded b e ta ra tted.to the
betﬁ’éffblﬁgéﬂcgi, ?ﬁsesp,i} #Iéefaggfﬁ}p £ fgfcéf (guzﬂ gngg% tfsm?1 %z%npbéa uélderstood in
theﬂf)llcmlﬁg wayt s {1859 id thoht 6fl 28 88 s8Nt all @bJFL bf thhtedaswyiahdh clbdsed is a

et page printer via a short-range radio |ink. Tags
ge‘%ﬂf’é'@{?PPiEQF‘SéI?tF n By pipp rﬂf“B%ﬁ vy arranged that the

pen can reliably imge at one tag eyen on .

B gl GobFReSe Grets aeneia o0 WilpOive of A AEhd 5aiins
list! THROHMBRed b¥&Kd QA8ks2RParated 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 multiplicity is one. An asterisk (*)
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extract the page ID and position on every interaction

Wi th the page, since the interaction is stateless.

Tags are error-correctably encoded to nmake t hem

partially tolerant to surface damage. The net page page

server naintains a unique page instance for each

printed netpage, allowing it to nmaintain a distinct

set of user-supplied valuesjsfor input fields in the

page description for each printed netpage. The
indlrcgtleggiln?uqtﬂﬁc%% W % drga(gqncg*g S@arch REdoQRkiont ilg%pﬁﬁﬁﬁy labeled

ance, an 1nte netpage 1's shown in Flgure

with its namé,had e aiﬁceop‘twalb’l’ﬂb@dhd@ wither leed pith ¢he nolet efifbecqrepsponding

t d t.h th th
ciaﬁr ﬁﬂt%!g% etnmcgfﬂ dndtca?e% fal 8%%2[ ??t I alct):glg Ln{ﬁ%{%%ﬁ is drawn at the

aggfeaioe sidad thetassobiativislinenot essentl al to the working of
the invention in its basic formthat the page instance
be asgariatizeidn welatonehip lfds-a’t) e dm@hpagesop'd iling guining e classes,
_printed the correspondi.n h e t he
W“Eé?ﬁﬁﬂ%“ﬁgﬁfl%Hganﬁﬁg ?gﬁg %ﬁ%ga?@ﬁﬂ&%nem%he page was
prin Al .
P o oFac g Lo dEnple PREPle T duf? B ! Maltn i
dupMited isi showi maranasmdmﬂime in hid Gat the maif disgaat wihivy) defibdsiin It is
t he re%¥g g ﬁﬁglso contain flags which relate
shopyg WitheAttFiRYPHM l%t‘é' ereitigflsfigedyr to the tag. One or nore
flag bits may, for exanple, signal a tag sensing
deV| E‘FE;;{t 0 rovi de feedback indicative of a function

asso ith the i nmedi ate area of the tag
Wit h@lﬂtpagwears dhesfonlatien pre which\ai Tripage netwpiky is tbeﬂta They provide a

Papﬁﬁ%%é%‘?%é%%éﬁ& P PR R PRARCBENIRES. Ve ar ear
LED V){‘%%%d)g c&ﬂ?st ﬁbgqrﬂlged%agé/ @? p{h'ep%rfaésreﬁ\ﬂo}])' mQ@ibf}Qﬁgfged with

cl ea referred enbodi nen
refgerchs toaag onl bmwlfaq:rrmma nf @ayanghfe@gvnm@oprinWmﬂlO&mto the surface
of t%lte rgalil%%t 1%53‘? be\:l\f?llo sgbc' la Q'o& ltl%!g)fa? &erﬁ%) b%rbthemge W@érﬁ&ated into the

mn mzin ect any warp | duced
pageyTheh enls'lﬂrpfa&: desompt[@y it Iman@a]m?sh regpistenty &y 5. neTirge paggsserver. The

R e T A

and iFAGE. Rhlsh éastibes e ihay elements antha psgengbbdmg batlong hypdrknks, and

oo o e SRR o bR b E O o, B89

imd#ge N iBoldhehd ﬁﬁtﬁ&g@@@ahd) thei aSsocﬁteatpegee(Bcrnphnnsa amr\es‘lﬁly rdtfﬂ%rent The
enbodj nent, QF region to w% ? ata efers COi NCi Sts A
paggj deprrighom firj ‘mayiRclpqeareferdiosint) PPeE feBRel °°mp?“ﬁ‘“
nethd@ alldwd MAkREOIEISYIEONYHIFNGS pai dd‘itstshﬂ"adé&@ﬁe $ilduldned sy captured
‘{)a ge on which the tag appears. In other enbodi nents,
and eeepssd P HenSIPHS S¥HER: t ag refers can be

Multiple netpages can share the same page description. However, to allow input

through otherwise identical pages to be distinguished, each netpage is assigned a unique page
identifier. This page ID has sufficient precision to distinguish between all nctpages 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 arbitrary subregion of a page or other surface. For
exanple, it can coincide with the zone of an
interactive elenment, in which case the region ID can
directly identify the interactive elenent. Each tag
typically contains 16 bits of tag ID, at least 90 bits
of region ID, and a nunber of flag bits. Assum ng a
maxi mumtag density of 64 pgr square inch, a 16-bit
tag I D supports a region size of up to 1024 square
the e B ELs FENOTR rm g TR PR AUplS® Characterisic
of thsiapgarabiestdibhed gn metgldeuasl belnd. maps. The distinction
between a region ID and a tag IDis nostly one of
c onvéagse meprmFadr mnmﬁtarepmqusias ink e myprrobdtearhion ipfinfrared-

he two can be cons as, a |1 unl

rele et Oy Orapr g Bt Satkictels et MRS dithiidn eve
butSitd dasitylsessedl BY 0 sdlidatdtaighapdyenfo witkea apprepriate filet.i Meensdneensitive

'End ) coord| at es olf t‘?e tag. A, 90- %LE} re%i ol LD e required
to e Bgrelensod v ayplengths mays e pped 1p whick cagetio) jlfegigre required.
ottid Whweleapths MRPbORSd, WathRpprupisitiabytritadand sehiced. Tags may

al so contain type information, and a region may be

t aggedtaplid kendedrByxdnlbirés infagé agisdrlip el neﬁﬁge pomadploded and the data

egi on may be tag Wi.th one set o encodin
ench i o 8 0 o TG i JEPSES WG BRSO A Frares Retpage
pruftl‘:rr $he pRNERHLIBE aMd cERRMGERR WA thd ﬁetmlgla lprlﬁter app E]ﬁ@ﬂ-rﬁﬁ@d‘adio
he region | D and tagél D precision

k. e arp gficiglcymaload desehiararped haf His He et i g, t least
one\Bg entdi: SYSHE 0K the Pie UR @impbrtsnt Zhal 86 p@ﬂ‘i’é‘&o%ﬂf&tﬂé 8¢ and

I n”one enbodi nent each tag contains 120 bits of L
extiaplf Gp Pagei Iéhandméltlm Onisivery tepraction Wighths Pagse sineqths datpterten is
statgfé%g‘flfgg a%ség'agc&}re(:l%ﬁl endod PR iR RN GAY Blerdi 'tcf'quPa&l ddfage.

enco

Its conS|st|ng of 6 codewords of

4- bi try,8 }{El\lfg%)gva&a&pver 08tk untue %9&%@5&@?& chth ﬁrﬁltelél netpage,

synbol errors to be corrected per
allayGatie oo dnaintaia, a distine seloplepsgnsupptieds valyesvler nppt @Fldﬁ & &he page

desgll;ptgg fcﬁr%aﬁ%(?n%ﬁ%etg&%demr d. Each 4-bit synbol is

resente tially coherent way in the tag,

and '[Iﬂg I1"el%§‘t dﬁgﬁé tgieerr ng dz%h&?déé@n‘?ﬁmr s p%%eem'stﬁﬁc%r leﬁﬂﬂ‘l@ c}i)rinted

Spatl a hi s 'ensures
netpage mshom ingriguye 4df1 ﬂlmwfnxgectmbtoﬂme@t Hp pageanstapceig Jaéﬁe@ﬁﬁed with

botg ltf%e%‘)etp%%ﬁ?ﬂl?c% “%mﬂ‘&?ih{élf iy atﬂ{i‘ qpﬁ{ow(?lf the R |u§er e éﬂulest@cﬂ@ It is

s 1 n ahy one ctodeword,  thus
notneaxentialziontye Muekmg ok eﬂel mvedion Hatitst Hasic Hams that theopage dnstisee be

T e R Rt B TR
netpae @ser Ivao reqxatqdhe)raorﬂamd}tﬁebws poied. Wi t h nore or
| ess redundancy, with the sane

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 arca of the tag,

without the sensing device having to refer to a description of the region. A netpage pen may,
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or different synmbol and codeword sizes; another bl ock
code; or a different kind of code, such as a

convol utional code (see, for exanple, Stephen B
Wcker, Error Control Systens for Digital

Communi cation and Storage, Prentice-Hall 1995, the
contents of which a herein incorporated by
cross-reference). 1.2.3 Physgical Tag Structure The
physical representation of the tag, shown in Figure 5,

for examplileb ﬁ§umd]]aat ed ¢ a&{vg%%g” Ef’r]R %%:ly{n%ge ZoRe oi;aGhygtl;rYinﬁn d

a areas | Xxed target “structures

al l'o mBEHmbR, each t

det e\ut We ag an %Wn?’%la?#tﬁ gb efﬂﬁvr’ égeadpr%ngeﬁg?%na? b, eac _ag
contdinsenteasilyaecognieddanvavienttsoudtive védnhsgds inififlaletdetion. andedch assists

contain.,re ntatlon of .t he indivi
R aH e 2l A o Ao ve I e o R b geiarh ARe ves
prefdi‘e&;l)t g theenti@pdgy, act at sficiaglyl sl and d)tfnseﬂf)ﬁx@éﬁi thetghespen can
reli Y ﬁm reld]? dtog% taé?eg%b%ﬁ% g’iagmlék%lhth% Ei!r% ﬁ!éselj&%%{talm(t) %h%?hhe pen
recbg@fizel the 6628 Y AEUpdsioh@n SuEry diterakeidn byithahe' pugt.aincatieatitenttion is

radius 16 dots. Since the quiet area is also
stalglspit r i but ed by adj acent tags it only adds 16 dots to

t he effectlve di anet er The_ tag.in

R A N T e R R R
page AR tHE r@fNi IDEencd R lim theitad is)\fhéﬁ&hﬁ%@ndm@ﬁoﬁs&l@nh the@agd MYof the

IS easy to detect because it is rotational |nvar%ant

bagsro WHECE 98 agpegysy i) ether smbedimpris, thy ropipg to,WiEh p taegpfers can be

an ABIRKESIbIRSh off pdeb 6r &hérQGHSe Hor RIS Gilda Eoincide with the zone of
distortion. An orientation axis_16 al]ows the sensi

ng
an digagivet dererat cip rivhigh cafe thp o HRtcan dirpglyadentify the intcractive
eh@,{entatlon of the tag due to the yaw of the sensor.
e orientation axis is skewed to yield a unique

ori entaf i gl}ypnl:: ? FeoRGins RE Gk Ve ta%eﬂ)g% ﬁaslbﬂ itk @Wrdgft® ID, and a

sensing device to infer an accurat e
nurnkgy ol flag hiss. dasiimigse: spEmEmag densins P%ém%fsqltaheemﬁla@ Lorfit tag ID

supggL@sCf?re @19(9 gl; Lﬂ)ttﬁ 153 Gfare ch% nﬁdr?eg RQSht BeQﬁ‘ap@&ijcontmuously

ri ent e tad relative He sensor .
witheut _gectrgaastng ut;n trge B areeision chimplariv] wrgaﬂfg'étmgoreglﬁm wbmaps The
. t.hei : - I R8P Fot Bost
s AL o 18£8 T3EI6TAL b LA 05 B ppos
thetcagpatepativiiof gleowo am bercorsidereairas targﬂ(@ﬁ@umafﬂuegﬂfg . Caunetselysit may

alsérﬁeé E’:?réulélg o m oduceestr%crzlru %ngfo th&t Ig)o @or%'x%ﬂﬂé to ﬁéﬁnfqueex and y

owever, e arran apexes
cooam;xataobwamamwmgn mememesuow %(eloﬁ crramgessamt oritlicn trdllon)

Bl 5 [BE3RL Rt
ciinh et o Prgasel Gepiled IRRLTE aBP el b o
regﬁ‘fn AatR thided withtahhittukdel th@grp@pl?bmadamplésa Belgmmmayrbe tagged with
one se o}: 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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48, to maxim ze its size, each data bit is represented

by a radial wedge 510 in the formof an area bounded

by two radial lines 512, a radially inner are 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 arc 514),

is at least equal to this njgi num di mensi on. The

radial hei ght of the wedge 510 is always equal to the
eriiedt BRI RS e 30 €ipdblrfifion SARICeE By oLp paZye per
coﬁ%mmh in Figure 48. The 15 4-bit data synbols of each

of the six codewords are allocated to the four

conc et Hbitssymibol isnieprgvsnte&an nopdBdy cohaewn way iFithrutag, Sid the

N rl.eaved f.ashi iLn.. Figures.4 .
B e e e
errétl {28 Cafol Affadting rnitigle pathally Gidjacenk &ﬁts)pdar@g%ssilmninwm owober of

ta e interlea |n m ze the
SeBUpSE i ER S tulsan e PRy il Fldf s e
likélihGo SRABhCINER vO6:han 6F fudly cafdceRdgenent s of the codewords
or their data synbols may be utilized. The physica
lday 0 Uinyon%utiﬁm@ eiréig‘ﬁr@ct’tmk hﬁdé bajeecanrnad/eed ar pladfegﬁ’lrm s, 6 j Reed-
ata s ol s thin _each t are nor essepntial to
SolgBPR EAE BF B G AIRSASP Bon PP RTE Py SRSty e Same
or §i@eRnt HehbENGALEdWd §ifds atothieNblOEKEIIE; afdilfferéd’l &ind of code, such
i nt endéd use. The use of redundanc

as gregpalytiogalisigde (see. for exampls: SteRbeR B X’Hlﬁgert FEPy 8%3’?2 Sy steps for

Didil [dGnWRIckidRTaRil Stohi@e,| PéREIRN. 1533, %CEbnteﬁfsh&’f whidl) a herein
arrangenents may be utilized. Exanples of other tag

incepprated by expsareterdé®eri bed in US Patents 5, 625, 412,
5, 661,506, 5,477,012 and 5, 852, 434, and PCT

3Aﬁpllcatlon PCT/ US98/ 20597, the contents of each of
i ciPhysical FroSHYCHEd herein by reference. In order
to supeqthysita iragésentatiancéd” the nag shawn o FigiutehS, ain¢ladpg diked target

- d . . )
T L T Ty e
dewdecrich@s tHIRBEAGe Ha tbidetanthcang wheinériin thike dmegsiorl orientation

at wh orientation the se nsi n dev ce
coiye 1 b st 0 B eisps ST APt o b ARHRLBR of the
endd@@btagdatslevi ce is therefore a function of the size and
spacing of the tags. Assunming a circular tag shape,

the nficHm flopéraherep@iudtios, Hergas rdndékd atof revilevni o 256x256
obt ai ned when the tags are tiled on a equil ater

doleWRFGRIRT 511600 s PR Ak i mh & BesmefT PE Popi g At

thlf fe@&ﬁ‘t‘ftﬁﬂ A28 AddBAaHoNE TG0y ATBEfet RFAT 651&&169 1@86ls. Since
decoding of "a tag of figure 5 perfornmed by a sepsi ng
the quiet area s also contributed by adjacent tags, it only adds 16 dot5 to the effective diameter

of the tag.

The tag inclades six target structures. A detection ring 15 allows the sensing device
to initially detect the tag. The ring is easy 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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devi ce such as the netpage pen is shown in Figure 7.
Wiile a captured image is being acquired fromthe

i mge sensor, the dynam c range of the inage is
determined (at 20). The center of the range is then
chosen as the binary threshold for the inmage 21. The
image is then threshol ded and segnented into
connected pixel regions (i.;g shapes 23) (at 22).
Shapes which are too small to represent tag target

secligen U P e 8 (S BF ap Hahd oty three
dmﬁhﬁmhhﬁnnmﬁﬁmM@ﬁﬂumaﬁoﬂm@mgﬁﬂMsauhhshasm, and t hese
provi de the basis for subsequently locating target
St r uGiiagst strtaines sk reinadxatiyiargend Snpaove theyr imireity tomatser e
i nvari ant of position, and can be easily nade
I nvarmharberell tapchhp, is aiipdat Thiatippods) dmongst aﬂlblothingi' ha@timal tag
rjing target struc re 15 the firs
packeg st iyl arn, i 0t RGBS Bl v fptanar

surﬁ@@%dag‘éhﬁd? R&ISBE 6F iaptangdd af e bpstes b}hﬂ@l’}iol}@oﬁ)hﬂﬁ%&d spexes,
y aspect- nornm izl ng and. rot at,i.on- nor.

Wheh aranEs figehieam e 8 I8 I BRE BEE P g ea e dotg on ring

15,1915 MRkdsZErch R arkdnBEindn® oL &HY bitOwili ﬂ@ﬂ&g@tﬂME Msishowh@ Figure
perspectlve distortion was significant

48,60 mgicinre issireceach e bEIRIPEED ngéi‘lﬁ‘e‘wedé? 7 5 ladfl form of an

arelt' %S&ﬂdkd 8P AL O R iih&ns10f a tdMally REfeP BRCI 14 Vead tarrddiSfyOsuier arc 516.
he axi s’ target structure 16 is the next to. be | ocat

ed
anha\yedggyilo Mtabmnﬁgurp [dgpevsigs 05§ dotgﬁbﬂ?ﬂq@n @%wrdieﬂgleg so that its
baer g{ JTal kAat 4,0 @?4)t R af "laeﬁﬁ eﬁmﬁ‘@@thﬁ MRFRA §imeAdish. The radial height of

tation-normal’izing t resul ting moments. Once its
theswedgn o5 161 d edlweassnequek toaﬁ@ nivimen i dweensione Bash 4-bitadaippymbol is

representedyb aEi%C %??ll 8 d)? ng?%s % [—%Qteghﬁﬂ L% g{d@g noment

IS reqg ir etvvo POSS

orie at ' %?it Sata g%rﬁlgo@%is’ acﬂ-% th%wgode%f)ﬂ? lafebaqlrogitgf 4 the four

skewe one si 0SSI te al so
corickratic Bjt'mbod; ringd ySaptosml,bd;lmvm on rF@guaft §,0n -mtgtﬂm¢d faghiethas shown in
rch S8 bl PSS Y023 e g el i
cirdhil#s prptdsGn #amdhhedag.t he axis target's axis. The axis

NPS096- SG 19 target's original rotation provides a

usef uhe appicaxingts desizgnaf totrhxirhiag tte averaget spetinl disgintobgyeren any

tw%/ %}\évnlro gpf gkgeﬁ&%:'%)gg ap g{e}‘ \é% nge&g% o%tt u%(t}#é glgls ]DZ tRdi€ data

syrho@ thayliRaitilitedns are conput ed based on thelr known
spatial relationships to the ring and axis targets,

t he asipomysi@nthyb@t aftth® mgobr tH&eshﬁpen@d/oamd'aﬁgemerrtoifahtaoqymbols
SRR CEMTIE N N IR K
each ¥AEbde sufficient information for the intended 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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order nonents are normalized the circul ar perspective
targets are easy to recognize, and the target closest
to each estimated position is taken as a nmatch. The
original centroids of the four perspective targets
are then taken to be the perspective-distorted corners
31 of a square of known size in tag space, and an

ei ght - degr ee- of -freedom pengpective transform 33 is
inferred (at 32) based on solving the well-understood

relatln the f THR A% Gired

a3 ire B R Bk P Fap PAtop YRR BPS pLREG, TR RE v
dlalm-iapbme diald dﬂﬁ@e omemengng ddvixst ie tieréfbresi BinctRe pif thofize and

EEC%, ., of California at Berkel ey, Technical Report
spagipg O EPEsSD 89/ 516, June 1989, the contents of whi ch

are herei.n |nco ora Cr.0ss- )

i nf elAls%'ﬂmfgafbmécﬁ glgts a h’gé 811%16151&1 o 13611eresr Iggg} sensor F eld of view is
obtiihedNGed tHOthS akIBell dnth qaLidjt@Glrigidular 36d, aedotn kflﬁlg‘m‘e dat a

bit position in tag space into i mage space where the

real -val ued position is used to bilinearly
1.2int erraglimhge Pedcedsing aral Decwdingl evant adj acent pi xel s

in t | PR Q&sin Tatﬁﬁd QY0P Y Yo rFRIRY ohimgﬁr' a sensing

thres g %%wls use to ?hreéﬁbhﬂ%ﬁm result to )
devpue omlm thehretphigerteeh ibihpwn ynaFigere 37Whitp g eapgred | 13@66 igdeige acquired

leS i defEine £ &€ Do Oi“hetééﬁt fth

fof g RF OB AL Bt T 0o A8 B i Mt of he
rangsolsylnemoﬁosa@ adﬁmd:dmdv thieskol@ Gyt imk20 2 Helhe deegetip tlen thf?ﬁ olded

total . ,Note t § Sode r ma
andcss%%eld dntg e& %m% fijon g%e Eéé%?#a?Zﬁ Qn%lﬁ%c@u]@ldaré 130 small
to ﬁﬁx‘eseﬂt agltﬁg@tadudums ag diverdsdrifhei sing apd cegwsd ofpgach shape is also

nentloned above, the physical tag structure or
gdlng systemis not essential to the invention and

th | f
It it e e Boa Se TR Jeh 28 EfaRCREnd e
pro{rﬁé @gnbagis Tor absbqoaelo dbdatin h@et ag;qumg Geitrl skepe jmoyeEntsee by

dat a encoded . depends, on sical str
the st VPG Sy EIT AR 49 b BT e B a6 and
rotfidha. The ring target 15 is only sought in a subarea
of the imge whose relationship to the inmage
guar gnt gestatdepdrubiie 15iige firdt tdf wUbEiedi(8t 26A A rigfhagithe advantage
conplete t If a conplete.ta
of bEipg B meﬂybe&é%eédeﬁenngﬁéwcwée %aﬁe&%@h&e P%""‘F%‘S & oPa&Tet
norfr@fizikd1ghdCrbfatiiMorih iRy eath Vitipe’s NOBRAG- Ghsed0 se@nd&\qmat moments

processi ng power and ideally on n1n|nsf fiel d Fcant.
are\pEplizgighe gpe §|e@efrtﬁafqoeezes?‘fﬁaffetgwf??ﬁ%w & @%W?Srfégm fean

Th@ﬁ% Bekigih@0ashtlt tah® rSkidnent tdgbM@Cprovine a0REMI BRodidgion of the
dat a |ng|cates the identity of the region containing
Pﬁﬂﬁ@“ﬁé@ﬂﬁﬁﬁlthe position of the tag within the

region. An accurate ?05|t|on 35 of the Pen nib in the
r egi die asig target structure 16 is the next to be 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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well as the overall orientation 35 of the pen, is then

inferred (at 34) fromthe perspective transform 33

observed on the tag and the known spatial relationship

bet ween the pen's physical axis and the pen's optica

axis. 1.2.5 Alternative Tag Structures The tag

structure just described is designed to allow both

regular tilings of planar jgurfaces and irregular

tilings of non- planar surfaces. Regular tilings are
ariffs o T e 2GRS GpBiRofitp B B0 SHENBEER o plh vav
29.tilings of tags are possible, i.e. surfaces such as

sheets of paper and the like, nore efficient tag

st r udherfes peapedice tsgd swhitoks EX pleaht lashe lreelgeatesﬂr (at 30). Good
oSl gt B Ao B 18T BT e e
andTH@s taddets Haaispece aﬁcﬁ@;ta‘ﬂioh S)f ﬂ@uﬁfge a@hthe hajstlcfrocnfrthe axis. Matching

perspective targets in stru

PT099§6§ Y eppdydng the gt 5)5 @M@ﬁon&o %cltlnsl?aﬁe §jE0BIents @nce tﬁelr second-
ordeOmdrhéfs arl h8rokaliged BPCREMA Rrspéotily taﬂgeﬁl etre Regdo Bobgni@nand the

nbols 47, for a total of 240 bit e.ta .
rgeb gpeadn eechesiRaEhRosiion sk e Ti R Fenygi of he four

perfichtifVialsB8 2RDEEA GkePto b ﬁlecﬁﬁ)@c‘iﬁ@-ﬂﬁtoﬁgd déhers BN&F a square of
perspective targets are designed to be shared bg% en
I1se1n erred

knoxj sitecin ttag space; angsansqigindesrre-ofr ERgA s pepPesiity tEosiopy

(at 85, RBANG: SIIPHAE FelluhddrGodl eqdliond ARESInARR fhliQag-space and image-
correspondi ng mninum field of view 193, which nust

spagp apint prérs diegdineltest, Bt Fupgsmentglyof Twl@{frlﬁasa%ﬂgswé\&@a%p Warping,
Ma?tgﬂqrhﬁist ']je};)tngf BEcivIGr éﬁﬁﬁmlaca@ REALIR), %clﬁﬁéa% RYRrtNd. BICB/CSD

usttation “purposes. Using a
89/Refe durSd Phthe confeids ofvilfictyire hergifi Htcalg)o@mdé’y &rogs-reference).
redundantly encoded to produce 240 encoded bits. The
f our The defaneddg-apace imimeagk-spage derspratieatranyfoyp finpsed iy groject (at

36) e%%bﬁrg)wtn br@ ;ég itibf E.letlf‘% §iAEE mlg] g{ F&acee&/ﬁé?é fhe ré&3: %MH&J‘;Q)SItlon

OWs ar egl on
is uaqzﬂ to il BiBarky msrporﬁtﬁe(adiﬁ) awtfetarreln@nm@emsaxsb in the ntpagmag% The

preélrolés u)ggoen(lj&%u 1rrr119gte tgregl{ok 1ts géd g}%sgg'lg UeSresthGo 8{%)@@53 the final bit

ags canno uce ructures whi
valieskenbl e targets. This also saves i nk. The
perspective targets therefore allow detection of the
t ag, Goe hlirdbhentattds étlmvabeenndtainedquithie dvay.Teagh of thegex 60-bit

Re%%%@(gr?c?r\l/ﬁn gﬁxectr 501% dcgog%f gﬁ?ﬁ% Ig{% ({j%d.e%g&%gtbh%@sé@ z%(fécégcgﬁed bits
in 2l NZ)& thdt @heQuatiévicedl synfdotshapeigimpled én ¢algwore\ordeqsb dianccgewords are

Il ntatl n featur | | ow di sanbi guati on of the
lml’ﬁ ﬁg’dﬁd%tgrl%V@@F‘P%ﬁ‘?é?‘?@%pﬁqﬁesfhe tag relative to the

sensor, it i | so
As'mentioned above, thg ol?yswai tag structu%ooer%ncodmg 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 iniage 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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orientation data in the tag data. For exanple, the
four codewords can be arranged so that each 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-O.
Tag decodi ng then consists xf decodi ng one codeword at
each orientation. Each codeword can either contain a

ad%'léag%{?\i??eglslg%#o%lr%na ld?aglylan | Ie]grlmafﬁ ‘ﬂg\%‘(‘l)%’%mz}lgmatwe rategy

invdlRes decltitgetnothpia®make ctmaenmtnegeadvant age that if, say,
the data content of only one codeword is required,

t hen Tt obmBbitd tagmammtemusaﬂse idereigdoft the begiode:outeliemgtthe tag and the
obt a| n the d ed dat case. .
postig e B PETRID EReAt Bt RURGES & IR Soat fsdgeton. o
weRag tﬂlesmtei’ﬂlllsmﬂzlﬁtaﬁoxd 8f od et petn ishtﬁetﬁirﬂ'rteddﬁt 2)sftano ke, perspective

Wthin a stroke onl dewor d.. he )
taforis 4 RBSSNGBGTT 0. Feed s HOPE. ST HEP PR B s
ph)@,fcattdm 258 BSiphYs s}&mhmmghanges slow y and predictably

within a stroke, only one codeword typically needs to

be decoded per frane. It is possible to dispense with

1.08r sgﬂfgrhmgmggsﬁacm}égget her and instead rely on the
data ThE Q{ge%ﬁj%iae a‘u&nde FibRd 1ssc?eg E%Jdetg'aﬁt)@rb'oﬂxgregdlﬁ} thl?@ of planar

case eac It value) 1s” typically
surfag emienteguilalbylhw di(mrﬂdmtar glns&yhs Regular mbngﬁ grevigt.y@ gaperal,

resent he ;a senc S til
po bR SRR P o 1 SRR e PR s E B ey ines
of tdge agsr padsible, be suefhdealshoh asi sheets iof ipaebr and| thiet Bke, more efﬁc:lent tag

B P
20 ﬁgd ri eS g{“?e t?g}eshdu%%?eg‘}j%% 8111?8%% e% gldt% !T%]%&ﬂ F[Pﬂgl% Ba. The

Se nust regun
alt@ngivel e:@ 4® s@iakeomdrtﬂt foabpesetiveatrigen 17.This sonibr It:eradlcwe to tags

BTN T RN T T

syrt$547) Bsial tlaNEfR 48 bitalIThe sy ppriesths eaei tatelbrteasta@iog#S dnd each zero

vertices to present. di ff ent ence
bit dy Secbasiee PR FOrEsSRORGiAR des P%geésp bRt giyd to be shared
bet@@éiﬁidj&%ﬂtQﬁs ANBben MFighre2008)d 6¢1 FRufe ébagowap sipaeodlingpf 16

atag results. in a reg D, a
tags ape e PeffisRerdise iR o Voot o f{"H’é“Sf shn Ths digegal,ef two
tagh. aﬁgﬁl@ | Rt dh¥€s REYAuAr® Qﬁh% QP nfRMNaS chitainmk afileshel bitsOfoR ilustration
absol ute | ocation in the tagged region, the
pupeEdt i on of the tag vvlthl n the regi on nust be known.
This is given a function which

each Ysinga @5i 7 Pﬁeq 5@}@1@@1 qacg;l@,' 3 bits oLtag datp é@ﬁgﬁ]ﬁl&?‘ﬂﬁ]@? encoded to

prcléig&aﬂooéhcogelaem{saghé%r ChaSordl A0 iABNdSed RAMAIY RithihGHd g to
as part of the netpage printer class NPS096-SG 22
maamayrrasmlence to burst errors. Assuming a 16-bit tag ID as before, this allows a region ID

of up to 92 bits.

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

image processing proceeds as described in section 1.2.4 above, with the exception that steps 26
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A tag map reflects the schene used to tile the surface
region with tags, and this can vary according to
surface type. Wien nultiple tagged regions share the
sanme tiling scheme and the sane tag nunbering 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 ID, atag I3 and a pen transform the
tag map can be retrieved, the tag I D can be transl ated
' bsolute tag | ocation within the region, and
am{%ta??%rgﬂre%l ative pen | ocati on can be added to the tag
| ocatAlﬁ’lQ éhoth¥ 'ta% ac%n@ > l&feﬁta@&pfelgﬁfqu W \ﬂ'is!nﬁ!!)@uahgﬁ of the
¥ emnes stinct surtace
fouc qxdssutge schgaEss axfeheotagn wlaelwegm thebesmbproft istrlsohpagsiblet theembed
Orl%'l?ag]f) Eltrauc ur e t%?as %érl e@c%%al%atﬁ!e k’ﬂ%ggcgc@wé%% Tan Sl% af?%lﬁ 53 Ifhectt each
tagtoagﬁam cahtamadge abidsward pladed ahthabti@katiat, iaaehqyodn iggure 6d, where

eacﬁ%lgrgg?ﬁ 6%]?1?%{?[1 %ﬁg n dl P %I rt‘)%ﬁ\gorg??g) nig‘[sh%osﬁjﬁn 0%‘16 symbol

withihaths kede@drd 1- Omghgt ch:eodu@themmsﬂsacfcdeaim avetdoddvred at each

ed_r n, yields a unique.t locati.on
orign B haaingd oLl et ds o P uhthel' g B e
code@ofd bStwodts liftficitih® Which cydedlogl i |ib9Th@Bi&éﬂ approach liah ehep@mantage
within the regi o This in turn eg_lgto det

thag lfesqyo@ﬁtdﬁﬁﬁoﬁtfmtt OenerOfeRrd &s ‘leﬂu‘ff 3 ‘ﬁ?sé%énﬁ‘gc{%words

nec@l 16 M8 MecddBd tEtRAAYR EHRRES i1 IO ASSBEihatas 1‘f\ﬂtHe|’reglble D IS not
region. Not only is the user interface el err%etn

exiegfeh £ Gy, R A SURSRE oI @R AFPUE & ot é‘rsﬂ‘f’ke tin a

strdkB LRK RC& I8k GTRMtaihg kidaRd 1D is@bn dediR@ atur®BmioRs] biaad the Bhtation
tags therefore trivially support the capture of an

of Higswsnuingedqyias qrangss islewinand prsdistably within at stk nlyyusy codeword
pkcgfé)EﬁJe@SC[g bgld&%ﬁg]{ erﬁgmgbj ect-indicating tag contains a
h

D whic rect | y identifies a user interface

el emgn p'o&ﬂﬁ@% cﬂﬁ;@ﬁseq’ﬁﬁpﬁe’rﬁgétgg tﬁﬁ@&fo%&tﬁ& 28 §ddeehd Roly on the

regi on. tags In the zone of the user
datp mmsﬁra@t@neu»ememf regleeies ;«n thigecage gpchj bit ¥alveatos meltihie yplue) is

g’,’ ge?regé}l?é@ lﬁJ ng gfr“gﬁ] rhg: dit \ffeliQFpresented by the absence of a

I ngui s icating tags do not
glypih dihefasues thatpivodata griveis wﬂtmpléatecf thayp sléyvsttiee grpietﬁ be reliably

idef %ﬁela an-E fy ggrg ec{iﬁe\’\@éﬁ)ﬁr H&&?Jdt I{dh gubgé'%@ c&lfect@d during data
ative % as the pOSi sanpl i ng
saxﬂpimguilémﬂpwetxgblmdd‘artemoclm ctetaetEé,rﬂ@dlﬂﬁg date dlustagntﬁm Qqueskee pattern,

am{]Eg%edrlng{% baecr%genla'tmt%/r ARG a?l%gp zﬂ)lég g&e 183 ' "I‘ﬂeo&e}h%acl GP such

KE“ean deter
mabhiet patteink tne;imlﬂemggnhn gvesidad nﬁexpllhEpdr@gean umg:etts EOme stn:h scheme uses

cooperation. wt t ed sua
dort BTRTDR 8P AT IRRE F 98 T BeS PRL Uyfand hence
diffednt miakiditaatueistAfdie Tathholb &dDesHIFRA GA Bﬁrll 2000)

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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page using an appropriate sensing device in order for
tag data to be read by the sensing device and for an
appropriate response to be generated in the netpage
system 1.3 DOCUMENT AND PAGE DESCRI PTIONS A preferred
enbodi nent of a docunment and page description class
diagramis shown in Figures 25 and 26. In the netpage
system a docunent is descrijhed at three levels. At the
nost abstract |evel the docunent 836 has a
dia hi erarchi cal structure whose termnal elenments 839 are
3%880ciated with content obj ects 840 such as text
obj e
t he 9& dta% ng tﬂe@t&%’le%cl?e?{ gﬁ%ﬁi’o g lQ?ngurga{‘%% E(ﬁ W:ﬁlttﬁgs %ﬁls can
varparcbﬂdmgltasurfaag‘eps |Vil3nanﬂti1ﬂ@tagged |r¢gyoris ohage tha ﬁamecttdlna ischeme and
%%1 ment is

theusert' > e 5C acé I‘ﬂ}Mycanef seors ?he am €14
Y ‘Aat 5% ?IH oriact ed. EG ted terninal

gloﬁ[ﬁ'ﬁ tgég BTag g?r a %mg H’l%gt & r%;?i? eélre eVl tﬁ? ise%lon%?eﬂmw él@ﬂl a region
ID, 38400 aall @@enirdndforiahé tag artap eaﬂmﬁdﬂrmdt ﬁe pigiiBcarebetslats into

articul arl [ e cont ent
on b Fedpeatln iR G B BRI e SN e S fpsambn e e
tag RRGKONI 6 yiRldeA aBRHEE pdnastatisepliatielrygior O aI | ow i nput
captured through a particul ar page instance 830 to be
recorded separately frominput captured through other
1.2iMst FaggingScHetessame page description. The presence

of t %oé@?ﬁnc@%?a%@%diﬂ? CHIRBY aldEStCifieREd, ®BthOSY #/High R&Dthe tag

server ovvs_a . usger O request a copy of a docum?‘nt
strugfuteh dereribedi erglidroincibis sastiens CBst prefered safing selis@ignise “ipcation-

md{%%ﬁ%l’ t ag %fr%% dlSIl.tngedﬁ %%raé@%ftl‘%ecoﬁﬁ lé@h%‘iﬂer\ﬂesa‘ o%&g?(md;catmg

a printer wt erent page size,
tagsexarrpl e. Conversely, the presence of the formatted
docunent description on the page server allows the
page Aslkeraten-indicatifg tagicemthiny a jtagt BY phich, wheartragdatpd thsough the tag

assocu&% w:t reltantéet*cp reg gl? g'wlcﬁ:‘ @é{{ﬁ%t&;} Sigc ‘3819 W]Httheal%gd'lon The tag-

onsi1 s escri ptl ons
relaaae: hocafon dd\'k.heqjan toridedstoghis tagdosaivn tf yild thedodation o%th'rrpwatlﬂthm

the ég&méh ?’ Pus g glghlg Eac ];qgt{re%g:%é teﬁ loeclaerﬁeol}ttlac e%lc’i réatlx%%% lu?ér mterface

nes the
eler@ér@ dn Qlie piga Lttesceipﬁme l:tsSc:StBld: Iwnasthe Inaerenr Noh kesly aim dhe mspu tmterface

eler;l%}? ﬁig?lf écg H% .’li l%gzgna?e?a%g% %th??‘gsglg ?1? Ej.ce g cmel?q is 1dent1ﬁed

Lodaﬁ@i-ﬁiﬂﬁ@tﬁxg&@@ th@efof teilialh bipot Cﬂfer@ﬁtpfmﬁ'&mtabscautp @ngath in the
descri pt | on of the formatted docunent. Each page

zone gE3 pATHRY %3??%@“@1‘:? fe8ent singl e uni que printed netpage

i ;‘IS? gl\l%déjeq%g {nﬁsftﬁngé?.g E a%gl %ﬁggﬁ)‘g{#‘f E’lhcﬁrgftg]‘gggg’ s A{Jge?%ﬁerface

cleMERLEHE Phde RscripABY astbciAeddREIethe @6pis AAdhd tagd ia hedone b thé\user
page instance consists of a set of termn

mtqrﬁargq eleraend idpnbly the,ussr itsface elkpegogakigg them ?ll 1dentmzH‘3 anctl 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 fong 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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24 instance only exists if it records

i nstance-specific informati on. Thus, a hyperlink

i nstance exists for a hyperlink el enent because it

records a transaction ID 55 which is specific to the

page i nstance, and a field instance exists for a field

el ement because it records input specific to the page

i nstance. An el ement instange does not exist, however,

for static elenents such as textflows. A termna
pacg PR orgparog o eip Jovic  oRFRY 1 tita 8 b AT by B Sening device
andﬁ'é)‘l’ﬁi’(&ppiopﬂzﬁ’lfemonﬁétﬁ be gmemtmdwmhe netpagguysterR7. A static

el enent 843 can be a style element 847 with an

associ ated styl e object 854, a textflow el enent 848
1.3wi t hDanuRESTOANDEP 8GE BESARIRINIONSt obj ect 855, an inmmge

el eman84¢ dhtoBinRRr FABGIRNLEhd JXBOGescriftiONEREs difpfam B shown

raphi'c el ement 850 with an assocl ated graphi c object
inFgmpes 2329 eo clip element 851 with an associ at ed

video clip object 858, an audio clip elenment 852 wth

an adsbepeipess syseniasogymgst t?kﬂeé“é‘tbe%%h"% r’e"élss%‘i"ih?)fm“ abstract
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Figure 28. A page Instance may have a
w1ﬂba@17(fglt gbm;s B40edugh ss@xwm,ers Fesst stxle @bieers.rimaes ebiggtsy etc. Once the
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thodEEWRRIE mﬁattpn-efbaespemﬂlmbodmnhedemerm mettipwl apdy wbwélwcontent
obj%gsnSI %&ygealgelate%egraié{ Pralt[f ﬁn%‘%g%f/%i? Ié df%ﬂpe?ig?nd g%geiﬁ)%f‘sﬁvcﬁgélbed
sepaﬁﬂélyﬁ i alldy inpat pageedpphighat poticulsepage! Ills;tah@ 83 e topbey eecorded
ication servers 14, . and
seoBgANdErLoc R rvigt ke Bre B deBon.
sho in Figure 3. The net e reqi strati r
0O e P g g A aS CEre SReRpi o Bk W erbhows o
useH &lfeGuesE BSpy dlTal dc@nént wipht leaigi foresd azi’uﬂ:cp:pj bikd atce aogyment’s
and t her aut hori zes vari ous, net wor k ac ivitdies. |t.
spegif]f FREwES f%t YT TPRYEhed eqisting AeaPRroRs gt Bkaoi e peee size
for RRAAIE. Cnvaskliant ipfsdneel of sigy ﬁ)rmmedaimpﬁmmtdbﬁnptlon on the page
transactions. It alsaq rQV|des handwritin

(0]
servepaNAvsdle Rage gpeT FOe‘iﬁﬁCl%g y ipjerpest P%&é%*‘%so?)’ea ‘°H§f g"é'a% page.
page server 10 mai nt ai ns erS|st |nforna i on .abqut

page A fapatted deueiRa 4% gonsise Pﬁ%t %“ed'ﬂf}%e SHPLGE > $Each of
whlﬂﬁtckﬂ\%fslfs &L k& A8 SordiMed) m’a&al SEmEAY 835 FaVle Fmattedadldinent has a

handl i ng a subset of page instances, Since a
spatidl reyeient fl zome P thei nese- ey delingnuie gefivgetea of éqpugg]gfﬁefﬁ%%h as
hypeftfk&@Sputili@)t S such as netpage printers send

net page |nput directly to the

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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NPS096- SG 25 appropri ate 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 netpage printer uses the Internet

Di stributed Nane System (DN%), or simlar, to resolve

a net page page |ID 50 into the network address of the
mstancepa eeﬁﬁg‘?f #t Gedords fangdl lﬁchﬁlfor&%crne%ﬂgpqll BPefidlGnstance

netpage app |on server 13 I's a server

exmhfocr ra Hypstisk élahart dedauseit naetn]dag ¢ransagjpin 1Da13 which isApecific to the
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the Pagdinshusce. Ah@lenfiinstiase rdotrenbt ieristl ébﬁexler Ifnr Sam ¢lomenks such as
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Prer pl atforms from manufacturers such as |BM

i AR QY S S FE R R et 344 At
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or a

of the fuynctionali rovid b t e
8433@P\P@rasstyiaﬁkmeﬁt itk sopotiried SR pietEh £ Speiion by 48
with ¥in L8R cihid SBMladelextadtfect B8, Radfageev@ént 8aQwithl &0asb&viated image

provided directly in a netpage appl.i ance

cloent @ eI meny 3702 G UOR=BARKS ABTOAST. vidBmelp clement
851 Qfithn 9%5&&5&( viddo elip bl5edNBEE AR MNpERnddie ssTetvRRgR assocxated

printer IS anapllance which is registered wt
audam‘élpmeph@ﬁ@ gysraphelansdt Hivitianierpiale saut onerte0 gh thown in
ofemand and via subscription. Each printer has a unique
Fig R .

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

vi a LideM td/HeBor@ any digital

br oa%b&%y}%%ﬁoﬁ%ﬁgﬁéa %S%r{)ﬁ%?%ﬁ%&ﬂtlﬁi and secur |31 yg
ink sentered orsthe pageorhichalogs ndt appheterrspecifihiap élepsfe printer

need not contain any persistent storage. As far as a

user In iequufereadrionn of thadnvsation p kag man $Hid is @gsrpigiee vith cach page
. tol and tinme
i B B e et ver s

10, independently of particul ar netpage printers. The

4net PIEUE NErb AR ENE ves subscri bed net page docunents
dlr g{n III? gh{é%gr%ﬁi ﬁrﬁgmt ! 0 geﬁrrée Q E 801151§ts o‘?c ﬂls%% %H‘gﬂ of he%page

outs,

pag8Ghivads 10ExdtpaaB dedistgen We&ﬁl S n‘éﬁhagiehlip sqwdrail?a zteipege appllcatnon
pages. Because of person ation out

ser‘f%l% AripeegpyBlisarion. Sqr%?r%l aP P%?Eﬂgsrpnﬁiﬁ% 6&#.% “tﬁi Eﬁ‘asao“ef‘?""rk
19 {icR aP@k BidiAdtlas bkovi 18 FauRsKr i ber ' s

fex

The netpage registration server 11 is a server which records relationships between
users, pens, printers, applications and publications, and thereby authorizes various network
activities. It authenticates users and acts as a signing proxy on behalf of authenticated users in
application transactions. It also provides handwriting recognition services 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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printer via the appropriate page server. Text and

i mge objects, on the other hand, are typically

NPS096- SG 26 shared with other subscribers, and so

are multicast to all subscribers' printers and the

appropriate page servers. The netpage publication

server optim zes the segnentati on of docunent content

into pointcasts and nultiggsts. After receiving the

poi nt cast of a docunment's page |ayouts, the printer

: . p L

i S b b i e e
the ofpjesprinding page. def i ne the docunment to be printed, it

can print the docunent. The printer rasterizes and

pri nisnetreige Hheereasrdd ablacptes dopyment Eredluen gemepdand prayidgs doad-

of. the sheet. .|t ' |.exed print engine
baiitsing Pofed Py b P Dl BAR RS L P11 21 g e et T

printheads 350 for 1hi r e T el 0L

Consrot g Pty e b RIS Bued REnP Sy PONRI BF Giar, o
resragenctythes page iDiSO g temetvexip ahisdse nf the detpage pegersgrvof hapdlips the

inag&s. The raster inmage processor (RIP) consists of
ConSHEYPE RS 8¢ Sindar d DSPs 757 running in parallel. The

dupl exed print _.engine caongtrollers consi of.
proc §%tpégge p&'ﬁatlgﬁ pand, olg i thé&r**8hl W%ﬁ"ﬁ’n? Esﬁsaélletgrlgﬁélggﬂse fpage
appliatioRalA netpagepubliyatioh saméradds mi 4pplitatien eqear athichrpublisheshretpage
ri ntheads in. the Frint en% nes ﬁ“i Lers,not enabl ed

dochigprs QFORBIREMIeR. PR FSCHPR0 8 K BRETBR 2t o pr i nt

tags using | R absorptive black.ink, although thi

oot NBHE KIS £ O MBFY 08 ‘oiisy &F dRS Bt v afgms from
malﬂlgichﬁétg hu&u%:)m[ma,gas\ﬂampacam and it Bditiplenadthape akivéry can run

than invisible IR printe ages, .they.ar still
congyreeatly, gn 8§“’ﬁl§t'}5’§gé ! a winglg ST %&Pﬁgg‘é‘hﬁﬁ%r&"gﬁ PBrphst gf hosts.
SorfE4rRA BE the FihcERREHSreViddaan dketpaddkfrespadiinpirdadar ticfuipaigeality

printers may print onto nore specialized surfaces,
progidechbiathedDotsawsT gpd di5eaes severppanstlpe e progides, Ayt @ netpage

appRAREQch 3s RhethR28 pEinte) & SdbhipBRLwbKRBonAHCbnYUBRPHdHora!
| east one tag tiling schenme, and hence tag nap, for

each surface type. The tag nap 811 which describes the
1.5t a0 fThE NesPASHMRTERACt Ual |y used to print a docunent

becones _as i.at e ' : . t
hecoTERr BTN EE A a  RATE RSt D o
andSfroissndipege Rietypegs @r dataed apl avis subsaiptiam Eack fpkiatst hesga unique
printer-related infaqrmation I nt ai_ne
prifis P 26 B lo bR o R Qs Hhefifiych g he e,
idediiyefed bredbadroniiceBni. of the netpage printer is

described in greater detail in
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 text and image objects which populate the pages. Because of personalization, page
layouts are typically specific to a particular subscriber and so are pointcast to the subscriber’s

printer via the appropriate page server. Text and image objects, on the other hand, are typically
NPS096-8G



Section 6 below, wth reference to Figures 11 to 16.
NPS096- SG 27 1.5.1 MemjetTM Printheads 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 ect rophot ographic, and others. However, for w de
consuner acceptance, it is mpsirable that a netpage
printer have the follow ng characteristics:

t aar ity c Lo - abeaual i

sh erezlgiwggroﬁp s%b&y ersgh%rde?cJ g{f’i Pmlmttlgﬁs't Q? 8\1/\1/ %}I‘b%itb%? iaﬁsti)frs and the

qﬂgmMmdm@@@ﬂmm | ow paper cost sinple operation nearly
silent printing hi gh printing speed sinultaneous
doub|Tthe sitgext gubﬁidatibmg:wer opxmn'asstthq‘ wsgmemiaion of doclumwtrggmgrt into

consu cQIer A
poigiepsty fr‘l“?f‘tgmflgle%%o I“%%f/ r‘??gw n§I ©&f mﬁ} %S"é & cgirnact 22 favouts, the
prirfier l@oabhaich hmtticadtd, iffungfto fistemoer s wi t h t hese
characteristics, the present applicant has invented a

newh [rica thet peiaion GhO@yeivedehecameptkid paga dayMesiamt dijkcts that define the
echno i s, a drop-on- demand i nkj et
do?%gﬂﬁBk%%%“?ﬂ%E%?ﬂ?gkﬁépgfg??pagemndth prlnthgads
abricated usin | e nmech I
(NENBH PR BRSBTS R od STHYFIEOBTY L polysides of

theCHIRBENE cSffind dupledda nprétit TdWemE | dhiaciReh. 76hand) @hpiag@mes utlhzmg
wal | printer |ncor€orates 168960 printing elenents 300

Mepgetfopriptheadssidl ferdhis p4geski dt h dupl ex printer. This
printer sinultaneously prints cyan, nmagenta,
bl acklheaprintingf pragesd cpiiess 85 Wie 460%136618%83%6%%@?‘%%“8%@ page

de@ARtidn8Kanki % si\Sﬁ and PEntg &Y 188 iRl LOEIMNe 130 imSge processor (RIP)
approxi matel'y 110 m crons l'ong by 32 microns w de

conystsagfsongfor trrse étapciairch DSRy 787 emaifgdn aivaliel o o donlgyed print engine
cortiolbS 2Bnsti BE LhAIE pQdssdrd Hhidh PR OiHeR 8nd 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 léast 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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NPS096- SG 28 CMOS | ogic, data transfer, timng, and
drive circuits (not shown). Major elenents of the
printing element 300 are the nozzle 302, the nozzle
rim303, the nozzle chanber 304, the fluidic sea
305, the ink channel rim 306, the | ever arm 307, the
active actuator beam pair 308, the passive actuator
beam pair 309, the active agtuator anchor 310, the
passi ve actuator anchor 311, and the ink inlet 312.

1_5'lih_e ? ‘Th‘y’tew. Pridtd s beam pair 308 is mechanically

jloin 0 the passive actuator , beam aLé 309, at th?d‘kl

j o nThe BetpagB SKSIER 477k ORSHATS U1 BHIRIFTE gt Vit 2 Vg rpnge of digita
prirftifs RR&IdI06%s ANAMRg MRinkkl nkjed ffez8816ktrdel hkjefl MBercatrbpttdamiphic,

of "el enents 308, %09, 310, 311, and 319 form a .
andghers. Heweves dor wide eansemnetaespriangse ifds dreirablit Gt aaptpaseprjligrave

h SHOWMRa et SBL: part of an array of printing elements
te%%%,n%nc?hdingsh cross section 315 of a printing

el engnt §$§§¥§§gq§ﬂﬁﬁéﬂﬁ§’hﬁﬂf-315 i's shown w thout

ink, to ow t Ink inlet 312 that passes
throygh f:-he. stk waf.er 301. Figures 19(a), 19(b)
and 19(c§g§%oﬁbf%gggpeﬁating cycle of a MenjetTM
printing,.. At 300. Figure 19(a) shows the
quiescegygg%§¥$H n of the ink neniscus 316 prior to
pring{in ' roplet. Ink is retained in the
nozzl e gﬁg gﬁpgﬁgsurface tension at the ink neniscus
316 ,and_at. fluidic seal 305 fornmed between the
nozzl e gﬁ%ﬁ%é$§504 and the ink channel rim 306. Wile
printing, th nthead CMOS circuitry distributes
dat a frgwwﬁﬁ§ﬁ§§#nt engine controller to the correct
pringinggelﬁgeqnbnlatches the data, and buffers the
data'to drtverthe” el ectrodes 318 of the active
actugtortpqagkgguri§08. Thi s causes an electrica
current YEUHHSEPIEPR ugh the beam pair 308 for about
one mcrg egpnp ngulting in Joule heating. The
tenperatmg Pﬁﬁggg%se resulting fromJoul e heating
causes the lean1%q5r %%% gﬁﬁexpand. As the passive
act uat or BRI PSP IHEIUPTRYTE heat ed, it does not
expand, resuutin %n a stress difference between the
two DeantPRPFIOTRIET st ress difference is partially
resol ved gy the canti.l evered end of the
el ectr ot REPRAFT WEHEPYEE uat or 320 bendi ng towards the
substrate 301. The |leyer arm 307. .transmts this
nove nt"“rlr%‘%?’hém?fa?ﬁlﬁl cHAWDS: PsgYne %ﬁ%nﬁig%l &S cPhnfiefiese
chad@®risRy.es about two microns to the position shown in
Figure 19(b). This increases the ink pressure, forcing
i Nk 33 knabQiprodictibhes phinterd @itl3these chivdcterdtisd, iy prdsentiapdicant has

invgl?er(]:li asr(l:el\'zlvsprgl% ?ecﬁn%lo%g,l I'%FSII'I‘G(I I‘?(:neas gn%jlet%“ Eécmo%cggg. ﬂlér?l}le%ﬁtig a drop-on-
demand inkjet technology that incorporates pagewidth printheads fabricated using
microeleciromechanical 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
NP3S098-SG



the ink nmeniscus 316 from spreadi ng across the surface
of the nozzle chanber 304. NPS096-SG 29 As the
tenperature of the beam pairs 308 and 309 equali zes,
the actuator 320 returns to its original position.

This aids in the break-off of the ink droplet 317 from
the ink 321 in the nozzle chanber, as shown in Figure
19(c). The nozzle chanber ig refilled by the action of
the surface tension at the meniscus 316. Figure 20

datc'atet%nﬁnr t191§nﬁam$rdrloé Hﬁcﬂﬂs ﬁgﬁ showf). @ Net page

t he ead 1s the ful
vm dt of the t |
351 or elemen sa(t?%lge [?1 11¥ng g@n%ﬁ%ﬁ%%%rerﬂg%léd lg ng% tgé ﬁ&%‘l@ rﬁ’r{‘303
theaozm‘rcﬂaeﬂaer 3114; the: Hiiit) sealvsi‘ﬂénthp rink¢hanrg] ritnhd6pthe éqven asml 307 the

nmoved st _the xed n the C
s gy Ak 6 PR bR ey el o A il anchor
31EHRFRRHE ad0for athon 3l Dgnd the ikiindelcdRor s or types of ink

supplied by the ink inlets 312. To protect the fragile
S ur f abe aofivet svaiafdr iveinn @ad 30811 mgchapiealiyt Jiomnd tcatheqmzsli\@ actuator

hed to t
beagb%rt ?‘,Ogsaéﬁlg@eﬂn :‘jg% g’a%?ﬂ%g] Bgl?l aée? 4 rf:(g%t tﬁ‘e;rl rgspecnve anchor points

31 (CMd B PORSEdbinafion af degead SdHobe 336131t handlidh funi € barttitesered
ink droplets are _fired. To prevent the nozzle guard

ekﬁﬁﬁ%%m§§ﬁm*¥%ﬁ¥pé%pn1ng blocked by paper flbers or
other_debris, filtered ajr r ou

il ot shis g amalpart pln 52y Pﬁlglpgﬁ*&% aleRBR B0 f‘#‘!ﬁ‘g“mss

secBbd B9 ¥ pr-E@inQ ERMEM300 Nkhedddss séckioiB I iish@yn Whkouhdkziolearly
guard is sealed while the printer idle. 1.6 The

shq‘qe%a@en F‘é”ﬁzﬁarepaé%eﬁf‘m@l@é‘?fsﬁ‘ rf@n&ef?ri%l of the netpage

systemis pically a pen 101, which, usjn

errbed:d@ﬁesc](ﬂ%%)r S (pLpndy BYc) shewaihe é’P?rBt“’c,ga‘ﬁ’F ‘% aaM?m Y okfpting
clelBitP0§i tion tags froma page via an inmage sensor. The

I mage sensor is a solid-state device provided with an

appr gREIr@ i Kaff dhbivehelqRiesdf ﬂ'ﬂsftloﬁ 8P e Mk @EnifGE Y16 prior to printing
near-infrared wavel engths described in nnre det ali

an [k denplet {Ipleis refgigedsimthesiogzle em@eee’reea%eﬁw ithf, jn negispys 316

ancp AhAEhia dehl F0BGoratél freGRen BRolAE RBIBer S0484S Rk SRAHE rim
ags at a sufficient rate to capture human handwiti ng

304.i .e. at 200 dpi or greater and 100 Hz or faster).
Infornat|on captured by the pen is _encrypted and

Wi r el kit Brm[tlnaﬁlgmprmﬂ@gg ﬂMQSq@rc'yftfyrﬁlgﬁbutttsdj‘ataﬁgg%the print engine
coﬂéltopng t%rﬁl &Gt gr';ﬂtﬁ]l eefe %s %%{ OBnd Eﬂfﬁ[’spﬂl@tdhtﬁgo hee the

res page or, in the
elepxrcelfzes }rSeazf tbemmrp mator heamrpam 3@8 ] Tigs edyeesianfelseivisel copentgo pass

#EG%Q ab%%{) Speaiﬁrv ffcgr z%bohin b&! RIELRLARN res Efﬁ% Bh &b&k rlﬁ‘egtmg The

I men e net page pen oper at es as a
tent}ﬁfakurdﬂ tncrende rpwiting droth stleahemtmg qapgek thedpearn phin 08 tprrapand. As the

pastﬂﬁg actua(%or%s bR %}uf 36&%&%@&&\, $t 4324 nd? @Qp‘%ﬁ@, %S}ﬁltlfng b d'steBHifference
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 positiop 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 systemas a browsing system such as when it
is used as an Internet interface. Each netpage pen is
regi stered with the netpage system and has a uni que
pen 1D 61. Figure 23 shows the netpage pen class
diagram reflecting pen-related information maintai ned
by a registration NPS096-SG 30 server 11 on the
net page network. Wien eitherg nib is in contact with a
net page, the pen determines its position and
ori e {Qhd t%'ﬂ LELALYR bggmhgi?s F89hd B@Eﬁuﬁlz@s 'tl§ a@@uﬁt@?ﬁ%@etums
to orce Sensor, the force on the nib
to 1tsm:rgm|ar Etsibign. r’ﬁilsaauﬂwle tltedar@ktOﬁﬁ'Céﬂrmhld droplet ?ﬂé’lfm the ink 321 in the
noqu\%t i)x?rg%etr,lt a\ggsh elr?e I-f] ([:)n ICl"hc:: 9&% chargl;yr]c’s @hh tﬁ%:ii/ction of the
sur&be&ﬁsldirgatWetdmnishﬁslﬂén ni b, |n or der to request, say,
information froma network. Furthernore, the force is
capt Wignek 20sshawe 0 ségnreuioafs. priatheal 150. Inal ﬂetpage waner, thérkength of the

o VRSl B P B 80 Bt B 8 e
showdpl §10.4 Bingloagt(gbout haw 6ﬁ1abompiém’qirin§heaprheld prildrg, the paper is
wjtin a, forc

mogejifwtct?%ﬁ;e%tpémﬁ)avgm t%gﬁﬁtggne#ﬁ] eﬁvﬁﬁ?%bﬂs é-o%of interdigitated

prift@sicleaih® 300, pAARRCGKe di0cdibie origpss of ikRapREd bptht et inlets 312.
provided by a non-noving nib. The pen determines the

posi tTioQiotad d‘lefﬁadgﬂ@ Suadat Ot the privkifead Hlrin@Rpératon) eh@a@%uw wafer

in the infrared, spectru ea 193 of
3 s ol b g P o o B0 B Ber e e
noZ2R3NERILh A latﬂﬂ)uglo WRkh e HRQArPRY Ark GifedOTo tpl"@e:[tltbe nozzle guard
relative to the a fromthe observed %ectlve

holgy 33 b fromobceming Hlog ﬁ%\@léd’af’%gﬁbéﬁdort otencdeiin et y® Bymped

thr&Lkﬁ tIRE 1913{3'39@ and ¥t BPHE RozzlcRak ®Sick Hﬁ}ihgrp@ﬁﬂﬁyll‘b@l‘bv@ft ink 321
tag nmay | ow, because the tag density on the

fromtg:eng,éhemvzéw@rcsﬂs S??#eép’&tﬂ?ﬂl?nﬁllntefﬁl@ fe tag size, the
adj usted position resolution is quite high, exceeding
1.6 he TherNetnage BeBIl uti on required for accurate

handw bifg SEI%&%%{HE& Othe REPLgBSstedNS typidaBly b \hen 1@, Fhich, using
net page are captured as a series of strokes. A stroke

its eobesidert epntrolfer 434 dyhinoecaptbrerandrdecope Hp ReFitinBiags dtom 4 page via an
IF} %na e%EﬁsmaL eddsoh)ix-sﬁteocfeng 9%1(@8%&1 aﬁ%pro riate filter to

he subsequent pen-up event. A stroke is
peraintsspnsna@geqﬂlwneamnfm;recpa@eelerrgﬂeoA@fdem@ed e meEg detail below, the

sysie UACIGhiE Eerﬂ?e \plff‘egethéaxj{?b ﬁ}ﬁ OS2t v&@ﬁl'tmurfg&d ?r[d tﬁ@f)éﬁ% able to sense

s AR R EEs commencenent 0 e stroke.
tagEaMlSuﬂqumw @@apthlaélumam bandeniting 6leeatt200 dpig2 @reater and 100 Hz or

fas%??d&g %Lg the gef-n 15 e%tpds Sﬂz?i"elés‘s"l?r tﬁggnlilﬁgﬁoqﬂeoyrmter
(ortbaf&ﬁﬂtoﬁ]]‘ﬂﬁacbrhﬁbraalr Ibme/ stdtien syspreting the dduasmﬂlrmspect ta fthee(known)

defined ti d. Th t |
oo, P B ot B Phone et EER B RS BRRr o

intérpieRMibn.di gi tal ink stroke captured through the pen
relative to

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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t he background area of the page. It is interpreted in
an application-specific manner once it is submtted
to an application via a selection hyperlink
activation. Each pen has a current nib 824. This is
the nib last notified by the pen to the system In
the case of the default netpage pen described above,
either the marking ink nib 3y the non- marking stylus
nib is current. Each pen also has a current nib style

sera® 21 od ik Iiﬁfb%et"ﬁﬁfoﬁiéb style NPS096-SG 31 | ast

assocl ate pen by an application, e.g. in
resp A e [
pal eﬁ?ﬁeﬁ esrtﬁ |§§ fléjﬁll {onﬁa? \%g% ;F‘%tp?%ect egﬁeﬁlje{egg‘;}@selts position and
orieng®ion rektize thht pagieHBheaily isatiached to.2 fSice exnsas, and st farce gn the nib is
0 I, t N b
e P Dt S TR SUE S P i o
inteddceivé epna uc ¢ page tibe ‘alickeds by presswigtvithviie mein nith myordnreo request,

tagged. t.h
o B T S i DB O
allovt, Say,ad fulledynbiizids oW\aedipnhtue: pete fegificd Th@ rﬂbmsié)eanovable when

st roke rel trve the arr vates
subfect - & spesitied ise Wiigh o i aq?retha%ﬁ%?%% i abigi o‘%e“ jripme. To
“cliok’t @k Qisdralplids \eforck QuifidRnPRYRoveithe MBITEIS aiay |p;bv&lBtm0taﬂmable
its "ok" LED. A a qﬁence f captured st%okes i's
feeﬁ“@ﬁl"erort%edusf’ro“’g@ar& & hafiprovided bra@‘PT é’l""‘r“% R% orns the
basis for the digital exchan

handwe PrTASTeriES B PP%O%@&%FW?‘ gt G ﬂ&ﬂ’ampﬁer?a imaging,

in BEGAREd RERE anekéd 193341 B8 pade B tBOAclHitg Df tHENGib P [edodes the
wireless and transmts digital_ink to the net

age
neafst fagefndy pompytes B (Posikipmyef they giborefatizg to Tt 28, BOIE ihg pligrved
pergde%‘ﬁealstérﬂgn blrc'th@ Wﬁﬁééﬁtt:?gdanﬁ%e BlolM 38YmARbI IRCHHhI dpdcsaAHhough

packeti zed f ef ficient transm ssion, but is always
the ppsitorergsabytion oé ére-tegmax b low Becarss thetag Asnsity o i drgeg vRrsely
It ML Ehhel uRRNpdsiioR Ybsofitioh 3819 6ith ding th
p“’Br. cr)rmgrt&r t gﬁfsy%r gled?gﬁlt al’ |SnII? [ nsor rtrltoer ngl : rrelr%grflxcee e e
miniiing eshiiorpreatipsd dbragoustte bynshvritiagireapsaificds of cont i nuous
handwriting. Wen the pen is once again within range
of a Ppr hationy relefive wraawﬁaraeﬁr aye gapjures| dsfacspiars of piEtkenIA ﬁtlﬁke consists
of 4 uQME ofti g%n énd;?o 1tf39§ e dages%nmi&f €}}’ BEAR&RI ent and
A

can ere ere any nunber of pri nters,
Conlmkterbscdu s@salubntmame cHiaL- a‘\ straks sy tegecA stith dbrornzp 57 O of the

ne’rwg;e pﬁﬁ)e%gvefflqge %gget Ii‘ﬁ &%Eé’&?r I@v’hlcht uhcférllﬁg'lgeﬁl ﬁrc'urm}rc%g ' f"s‘l at the
conmmuni cating wt any
cmmmmkmnmhaﬁhemuﬁﬂ A preferred enbodi nent of the pen is
described in greater detail in Section 6 below, wth

r ef emacicetpage pénchas esuBertt gelddion 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



1.7 NETPAGE | NTERACTI ON The net page printer 601

receives data relating to a stroke fromthe 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 novenent, such as a stroke.

The data allows the identity of the particular page

and associated interactive g ement to be determn ned

and an indication of the relative positioning of the

t

asP RAGRERY By ooy D5 REcty, B BRO 0 TSR sologpg 2 ool
froplra palette, T éﬂffslli tnb rsedrois\ths mb\,sbée @Sﬁ@cl@f@lth Hie cuerg nitp Strokes
capglér{:(g tgrgu%laségéélgrgli%rt ot h hnﬁg aﬁlﬁgg : \}chnt !ﬂ@ strokes are
subsaqueribpepdiregd, peg ard mmbda.wedam&%mb btyyle withevhi¢hrtheysare tagged.

the stroke to the page server. |If the page was

rec erWhgnei/eﬂelm ]befni iedvithin ramgeseral printer vathrwikeh it civespnrmmicate, the

ety Sarars fptiie Lhr A fen hgoe I sl A 0%] ElEVEB e page,

it iheanBeily atigsted ity @tbr MBI Wﬁheﬂehb mrssdcsédsmt tiacodbiyg a stroke relative

net page pa server (see, The page | ayout
toﬁ%P@?s“FB”%%PQX?Q“’ﬁE% é% ? ges fonts and pi eces of

text, typ |caI el.se on .t .net page .

ot wih kEURRTE D R ke iy Bfored do 0 gl B SRRSHE dn fogs the
badid| GorP @1, dibikal ' &khdnY @F driwinpAQed HaeBaiting] f@nodline Wetdghition of

t he stroke applies ndﬁgstern1nes whi ch el enment of
handyaitinggad i opkineyerfiction plsigiiite i ntersects. It is

: Egntﬁgg%&ttso\y#pgéss ;ug:}r é&%pgl}q{] se gllsgtgzﬂglﬁie tolt]% ﬁtxegqeag% Er%t?rxwa a ghort-range
racﬁd’ 91'11@ ahé arRmHlet MSta VAR iCorlcABted ifS RNES 288 GecliiiffRinb @hokesed for
pen down g05|t|on and t he subsequent pen )p
eff}w@r trﬁtrtswsa% bybie d1Ways Hushpdipn & BEAEIDGYEILto ﬁﬁkﬁeﬁﬂ}?:' hgpdling in the
priff. €Ct  which is activated by a click typically

requires a click to be activated, and accordingly, a

| ongefherSihk Egﬁe islont bgﬁﬁﬁee&' Jrﬁ&erﬁﬁbﬂffél‘@d@fal #k8 Mnternal memory,
action, such as a oppy" click, to register is

whichdag atceppeity pf pres twa@wums of seiHaws rpdintnge Whep the pegjds once
ag#?ﬁltg Wesr eﬁ‘l\ﬂe Eit fradl@ded ﬁgﬁbdfﬁgdﬁﬁl fkbhd Ai¥fer @nay provide

can gi stered when bot he pen down and
mopeer lery bpidesicaaois are both within the area of the
button. There are two kinds of input elenments in
net paly@epage beleegistered With:anyyweper ofirinigry bui Begepse @! gfate data

res;cﬂ W nettﬁﬁ :Eh Exnandl 0%' tge 01@! ﬁ?sl {%Elggﬁfna{ehﬁ which printer a

I VALl 6 500|ated yper
pmHypemhmmhﬁmg“hypEMWmnkwubrmnﬂeans of sending a nessage

to a renote application, and typically
A preferred embodiment of the pen is described in greater detail in Section 6 below,

with reference to Figures 8 to 10.

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

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

positioning of the pen relative to the page to be obtained. The indicating data is transmitted to
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elicits a printed response in the netpage system A
hyperlink el enent 844 identifies the application 71
whi ch handl es activation of the hyperlink, a link ID
54 which identifies the hyperlink to the application,
an "alias required" flag which asks the systemto
include the user's application alias ID 65 in the
hyperlink activation, and3a description which is used
when the hyperlink is recorded as a favorite or

oo SPREE A N2 B 8 2 0,V B B o
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si.nce the last formsubm ssion is included. The system

YAk udes an effective return path in all hyperlink

actlvations A hyperlinked group 866 is a group

el ement whi ch has an associ ated hyperlink, as
17§L QE@Pﬁﬁﬁﬁ ure 31. \Wen input occurs throF%h any

fiel dd bpesiakis 3 megngof @fi*’é@ﬁ a eseage ﬁ(g,ﬁéqnpqtehw) gation, and typically
ellﬁﬁﬁﬁﬁt@& Egpo‘ﬁ@et;h tﬁer}fétpgéeo#ﬁelhs activated. A hyperlinked

group can be used
A hyperlink element 844 identifies the application 71 which handles activation of

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

appears in the user’s history. The hyperlink 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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associ ate hyperlink behavior with a field such as a
checkbox. It can also be used, in conjunction with
the "submt delta" attribute of a formhyperlink, to
provi de 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 ag3it occurs. 1.7.2 Fornms A
forn1defines a coIIection of related input fields used
captu f. e
someSh &R the %s%gpﬁsgmg, is 0ARHLE b B APBRORCIOK4. and the
appﬁmloﬁ) D mese:lvep ar memolmakwawwa medmﬁ iThereiarthese t)tmmféiyperlmks

gen rgP 515” B%Fpuﬁ'gi {éﬁgﬁ{me g%e Eé’se F‘?’ld sngg ?Jn6h hﬁés 86’%55%5&?@1%1@&

30. Wl gehémilﬁzb@ﬂiﬂ:!o&hhamﬁlSma}tseéques‘t fararlimkabdocimeit.cr lag mmpl)smgnal a

39. A formi,nstance 8 8 sents a r|nted i nst
preffenge OpAGFRYE™ (4 TR B syoraty e Forfespeigli (R ischyigion: A
selabhbit Ry Aink eRAMhE Quiréit stlec@lod teltenEpplisatiBd.Sifake tirent selection

form Each field instance ha associ ated val ue 87

confhstsIng pEOHLPETCRE B IRETRIL (b1 SRRl R P 6%8.5%&'*'1’3%‘*

dochiin€ht i Bh LB Kord’ Fahhind Rltein \ia) é!ﬁte&ﬁﬁlﬂﬁlﬂ& it apptars) b OugBlation
a particular printed form instance, i t hr.ou

intcop PNt feneER) st JRGEST THE oK BY a*d%ﬁﬁ't}f)?a“o“ is

“w&m%wqjmgaﬁﬂg&&ﬁ 32. Each forminstance has a status
whi ch' i ndi cates whether the formis active,

f r OZ e ¢ ntﬂn? Gy eYﬂiané?a[ncg ¥6 feB8lds ArhiRhdtioh 3D 36 twhich can be
when first prin dp form becones frozen _once it,is

spegifig trethe pRgef ipsiFnch et @vﬁwé tho iyiprlinle EnsRReAPBES- Jhe frarsaction ID can
1delﬁ ?\'SSE%A'% aﬁ&g rehyi tﬂé( %B;hf?:&l&’ie 6 eBflple” t-ekbppiid! @S Jf NRnding

S iIts a" attribute set. A form
purd@@@wwwmddnymrﬁha&immls@ﬂoﬂ W\/‘tﬁkéé offhg/esell form reset
formor duplicate forn1page conmand. A form expires
when Thi esystcmem@lmesftbrv P A SCulyeRin selestipy 826 xib ek gileqligp hyperlink
actlgﬁfo'p %héS 5n%ﬁ1|dés ﬁz@tcblm?nt o\f\nhe! st&!?ﬁe(f ﬁfrﬁp inktSnc@ Bk Mfa form

I nput rou% orn1mh|ch IS
hypnldink acm{atlm |aﬁhqugh tifetéd hm;itukrf@d it fisubmifedeliacagibyigrigt. only input

smce tﬁe P 8131:1)’11 Qlfbm};ég%n & Jng]¥§ér’(]ltmTR§%§te}nni§&ﬁl&g Gne gaéégtﬁn kngtgllrﬁ all

i°sactive or ozen mssion is a
hypatlink etvatianssubm t a form when the formis not active
or frozen is rejected, and instead elicits a form
st at ushypespioked. erétqci6s fior goimelement 838 whish bissanatssogiated hyperlink,

ed (at w th an C d
os T3 P EPRCa SFED: Hiligr B Bl WA B P Wilgroup, e
hypatlink 844 abdoeialcatvast the %Ttﬁlp(m acfivagedf ﬁrhmpanlunhed graun pzmulbﬁaused to

time d to be ex rOWla
ass%cé%i: L&'g i'gi:,b‘c‘ha&’]ﬂ{ ng ?1 e?‘%‘s'-écht 4 @ El%?% Ici:i Ocr?gl {bg B usésd in
conuidieti @ with ﬂi@-“ﬁibﬂfmﬁﬁa” attribute of a form hyperlmk to provide contlnuous mput

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

=

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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stroke groups 874, each of which consists of a set of

styled strokes 875. Each stroke consists of a set of

ti me-stanped pen positions 876, each of which al so

i ncludes pen orientation and nib force. The digital

ink class diagramis shown in Figure 33. Afield

el ement 845 can be a checkbox field 877, a text field

878, a drawing field 879, 3ar a signature field 880.

The field el ement class diagramis shown in Figure 34.

Any - dg iRk dobGhélt RieRMG. 1PBitilnStely contains

aSS|gne ?§+Fﬁ2§?&ﬁﬁ%&%§g§lec ng fiel ﬁ hag an Y
a setaf oerinditab fielBodinears 838) 4do®8instapes &G gwpredents [ pyiged imgtance of a
torpe ine ey i el i ngfl BTy Bf i 1S nla AR5 of he
forfnl B&h\Rldiestimee hes aszss(@,m&d vabie 8/ & Whoet t¥ps dspghdseon the type of the

cor{Nng)Sq% i%gge\d ifgnegnh h F %}Id 'egl ﬁ ?%ggié 1npin1?h?0 Igﬁlta thfcﬁl)a({(prmted form

ins@aR} 14, Bffough odle bienbre prirtkd n@papendhe ﬁ)rlauﬂasmagrma lid shown in Figure
converted to text via online handwiting recognition,
2.and the text is assi gned to the field s value. Online

handwr|t| reco tlon S de e

exanp Of%p'ﬁg?”tcgq’@s @, 87§V@H°15H§ c?{ \WZ‘ﬁtglﬁ a&a%r'mTﬁ petive,
fro@haéuﬁmﬂfedt\l'bﬁi orA¥kbirddN A @Brnl is Beivilah@ivikst pﬂﬁged?%gm bécomed' frozen

I EEE Transacti ons on Pattern Anal %P @@ ]{‘}g‘ﬁ been
oncerit i8|signgre it orm\pspomes suljpitted ongg OE mission 8%‘?3 {8
actRhtedNinkels BE ByRETRINAS itd 1‘15%@151@ qelad @tribite Sot.05 forintHednRs Gr&l)i when

SpeC| alizations of text fields include date a d

n
thefijser] iguckesa gpigniairr gsef fMuoHABlic e JRea ey gr”*té}m expires

wh§d GP A e With UEs BB actAS eRRBNnE fbnﬁh&?écﬁ"f' ied3fetinié) While the form
digital ink captured in a S|?natur ield' s zone is

is agtiveo famiiepat isyaligwed. fnputithyguelna ¢h i got acw ip dsispq gaptured in
the%%clégl:b%n@ﬁﬁg g3 Dbt tt\nbl%lquﬁ pa%rlgsta?lcg IvOhdndhe D Rakter Blozen, form
econtent of the formof which the field is part is
subyyasseonads elhbwddAlas%fregmé@ submit jgdomm whep the {oam jg notpgive or frozen is
reje%'teqva{ltﬂlmsf‘éag%tg st ESRL ed wusing the pen user's

eesignature ey spec:|f|c to the application

Wh' c %a%ﬁntnﬁb élr:r%fsgﬁefer?ﬂ# a&%céﬂe@ @ft‘ts ity 8yl fohft %’[aﬂ&s la8rived

wel | -underst oo exanp armn on, R and
frof@. it, tllmsrpmvtlcbng 4 persiomhistory. i hg;mélpwﬁ @ll Vot the latest yq;ﬁmhﬁﬁa form in a

arwlil%rellmﬁ H GQ& E)Ie%?%lérl]&%ﬁg ﬂ;ggar%t g og.gtSBe ﬁwé contents
:M:'ﬂi.li:mgl]l is caﬁﬁﬁ‘gcf 4 cﬁ PﬁlQ ﬁ?@fteﬁqnlpﬁB gﬁﬁﬁsc'ofr aege?5ﬁﬂ§ees)tamped

|sh attribute is
strcsketgroups $iiddchel of whikld ccmlsmmﬁa sl 0B gyledhgstokpral/e- Bash |S?ﬁ<p§ﬂ§tconSIStS of

. t .
a sét%qglg%gsg%'gr%g iy Posqgnso §"f’ né)cth v&?%ﬁ& aléorméipdea i’%}n ISI?}&{ eX Gnd nib
foré«QThe digit-A indvbns mhgaﬁmshmwmmagm A% the field is

submtted. "Editing" conmands, such as strike-throughs
i ndi cafitldglaehesdsonn bearchadkbax Beld 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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recognized in formfields. 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
mar ki ngs), it can recogni ze run-on discretely-witten
characters with relatively high accuracy, wthout a
writer-dependent training phase. A writer-dependent
nodel of handwiting is automatically generated over
ti MEy thﬁvfﬁy as ar(f‘Q ovﬁﬁﬁﬂ tg ﬁ{é%@?&g gho% i ﬁ?%me el Any digital ink
necessary, al ready stated, consists of
cap@reslenue noe fmtd’fs tzmmkesautoﬁmydcaébfr wineertghte Hext swimonking pangwriting
reo::éo alréi:?%,ﬁefl'ﬂdache ?ea gsezpsgligs Ztoglgeeg?[nd%%agdégllr}e%at‘ng\?ﬁtmg recognition is
well- mtdefstme(m |fanaxasﬁplys 'depﬂk@ nov. &ppemﬂ@quknhan, ‘Olhe State of the

Artfl ba«igmedﬂaqcf § {tl%g cg%nll g[ﬁ%sglo %)13)56 E%tglﬁagnal%sll(s and

Mad;agl&te g{taggdnﬂe tSKTSIrEaCﬂ(@S Olljhlri:gL(l:sE : E?It9ld,o (312 bdnitﬁmtsp roét\ehiclasar@ herein

incipgraed & e GERERE peri tzlé‘i“’ﬁ'ﬁ ol f{%éd%émi@ﬁ e PF oot il
"t NGRS D10 RE S BHOL JERITE S S5 s rown in Figure

37. ﬁﬂmithlziﬁ@glgﬁ){gf&lﬁn H@Ighz&hi‘é flRRINs dofé RraBmidatly Wrifled avith respect to
e. apl e -

the lgptity Ofihewpatrior Wﬁéﬂa@émw&akms&g&%? T eeﬁ&g‘%'tet:q A t6fm o hich
the ﬁ@lﬂ@g Pt iCkdnetedURdThdkigA& th @R el ARMlel TR digitil sip@ituRt (5l gehdfated

Submt formto application Selection CJck Subm t
usingethe pen BIFI'S Grigip PIZBAWE dRY FRACHICH P dheyarpfieatiop gbigh ‘?P&}Skthe form.

Onlﬁ%sglgﬂtuw Y&iflcRtidn & WelllEibrsidad Q] for %Mﬁﬂ@mﬁﬁloﬂoﬂ,' Ralmd G.
o text; assign text to field Draw n ita

Lorgiiss [ gufouthigy Sigpatyrg ¥ erification ped BiriprddeiBication ﬁé@*\?rséat‘%/@"l? fhe prt”,
Pa gRéc@ iliSH V&l gﬁ‘%&'? j9g§CME Btents O grhfcﬂlareshéi}élﬁtlhﬁoﬁn&.{ted by

ssign digit si nature to fiel
mﬂﬁ@%&@&%&crlptlon Assign digital ink to current
sel ection The system maintains a current selection for

eachApshd clathent ésdiidden iifts “bisden” steibuie issety A hiddep figld plsaent does
not glgf gtglt 1n§1§t zlgﬁee C[F g%%%er dﬁg do@s LJR%CJ%P ﬁlgﬁtoﬂrbgn iRl B asd¥Bited field

fter an
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 automaticafly 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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inactivity timeout to ensure predictable behavior. The

raw digital ink captured in every field is retained on

t he net page page server and is optionally transnitted

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 s the conversion of

handwitten text. This can, for exanple, involve human

| nt erﬁ’gﬁé 'irﬂ(ncagfu ﬁtdhﬁ tHP B$c'k§r%5ﬁc?¥1elh v %te Bled f29 rar%lemncﬁsture

fail i cati1on ecl consi stency check
Cersnsanptemt efhshoor tmore Fribjectst heg@ntaﬂy anfompedtest etiad sedgetion @f the

mrcgglsfnbggf; g‘ﬁgelth gli g%%ail%gg%re%:gﬁ ﬁ%@%g{;ds Jg% :’heI d
pr esﬁgigl? s‘;nmm?nz%s %e Vla{]l?]us%flélt] &t Ctl%HSe\?Vlﬁ?(éf)ILeltp%gé I el ds

of t O rou human ‘oper at or, on
the assunption that the user may have indicated
amendnents to the filled-in fields outside of those

abie Sy 6P 38 Aol WS NalilagB! Lhe process of

ORlect <] o TYPE oo RERINPUL  ghay o oo oWACHON o F O
Hyperlinft i Gmeﬁal(mék'sslsm” f‘he_%%gm}i@g' ADplica -
the pa@@nD 50 ekt he st r olkSupBtdpran toapplis
886) 1 [elecige [§igk0o6- SG 37/Submiteelestionie appllcatlon

Fotnl eftli {GheskpPxatAmemarka f or njesign trepdofield 8339 whose
zone S5Jexhe st ridamdwritingr s ecConvertidigial iinlioriext( agsiggsxt
whet her_the forlmatted el enefnfigldrresponds to a field
el eneniDrawing_i fiDigidal islppendi Agsigndigigink taeld ecei ved
st r oke [Signdtive dgbignatate | nk ofVetifyaigitabing signbtuse,jEherate
interpreting (4t 893) the Hdpitasiyretwd ofifayint assigméigtdl
the field, and]|determ ning kmhai®:lio fidhet her the field

Nohé part of a Heipamhdcrilsish gjAssipn BiEftaldinkitd durseat selection
actrvating (at 895) the associated hyperlink;
alternatively determning (at 889) whether the
f or matht ediet] MAMRINs @R &S BEWiSn F@ cachigpeTleiselictioh @omits simply

and if so activatin at 895) t C ondi, n
of 19 s ERREE SpEGARATT I &Rﬁ ekt TREHE SRR i 8%‘1& after an
inabtival GmRbut Ry Bk pRidictaBRALAMIRY (at 890) the received

stroke to the digital ink of the background field

833; TRBchvE @RI Nk caplired Hldvelyuld RGQhMETonShe Mgt PadeRerver and
current selection 826 of the current pen

is optienelln p:rﬁ@gutbe)d vithdhe @gp data 3hppythe dam s fubnﬁe&d? ﬂw gppjication. This
allo%ﬁlo% Spackivh 116 Qn{ehgw el 24 i8R if9ghobd f NRASREOARSEriginal

own I'n Fl‘gure ,  Where the accunul ated digital ink
congfrsign f jueh & the conyersiop o& had waitiebiedt Abis con fHexame ipfolyeryman

L flel T, 1Skst e i
Bl HE GPRGEER SRS Byl MRUEHD) O (94200 o

cortsiveendli gfietlest Aisrok espsion énthis, he Hetik backgrounth ereiafof gpform can be
des%n?te@ Q§ gra&ﬁi% f%RIS )fhcaa [195&‘10{ @llr]"tggtggi’ecw‘% thi Gésﬂs of! "ﬁlnelﬁesence of

ve eterm "her the field
digitd iak mmas;de the etpliciafields 6f theform, to route the form to a human operator, on the

assumption that the user may have indicated amendments to the filled-in fields outside of those

fields.

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

the page instance 830 to which the page ID 50 in the stroke refers; retrieving (at 886) the page
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converting (at 900) the digital ink to conputer text,
wth the help of the appropriate registration server
and assigning (at 901) the converted conmputer text to
the field value; alternatively determ ning (at 902)
whether the field is a signature field and if so
verifying (at 903) the digital 1ink as the signature
of the pen's owner, with the help of the appropriate
registration server, creating (at 904) a digital
natur.e of. t n
s ot B it CRF T EFBl s Herl B O EERATEN B0 LS Mhersccs
detttrﬁilrﬁ@ (ah 838) evhethunibe ‘fc:rmptt&d\/&'ktmﬁns pcgrmqmetol@ﬁeld eleaentngpd if so

appgle)cgljg (ghg&lg I‘;}rﬁler? ﬁ’gg Fté(ﬁ(g { u&llg a8 fg b]? ?igﬁ I:ug @Hq ?nt%—ﬁ%tmg (at

293G cOANNRE] GQnrmkads thd ﬂeag m&@:wmrnlmmmnnwheshm the field is part

of g Ppepsare W ety ecop et A e BB ApsRc Semarvely

detérASliANGES89) Afh@tﬂé&hé Rivi@ted QRIEBI @8 éndsan ahepalinkodlanent and if
form comand 908, %pl|cat e form

so REYBINE @Y P00 SHnToETIRGE hyrydink By e wg“ﬁeo%ﬁg'ﬁa 0§ 74 input

ﬁel@ oi;i Hﬂieﬂﬁlﬁt @ppﬁ‘lﬁﬁk% (aCIBRGeRh2d stRokie &S e dlig’i@EmE ofrtha ackground
e status command 914, a du

a % LS
ﬁelé &éhrﬁ,ﬂﬁtcoﬁy h@léﬂ’s recgivied siEgke io AigrruHEnt S Fﬁ?&ﬂ& & qkthe gprrent

pen a&ﬁ&:ntgﬁgdjﬁsﬁtﬂg reafsBhdbh s&Qgmand 917, as shown in Figure
39. v0|d orm command voi ds the correspondi ng form

i nst fe 392 s  dediitd W dRart NPfP&Q@S%Qh%%mc@s@ @H@ﬂﬂin Figure 38,

v0|ds he corresponding forminstance and t

where Seruaseemidpreddigitslanippf wfield it BisrPigted afq@gil%ﬁortgmyp? 8t the field.
Thd E&E@sg %&s‘ﬂtst by (ﬁétéﬁngnﬁ@aday 856)RIRARI ViRseld ea CRRNbox and (at 897)

ntains the same hyperlink transaction IDs as the
whethérghadibital inkdrepresents aicherkaetknepdi i pratspigning GiPidie true value to the

ﬁ318 r\}a n?L torhalivel o%&glﬂiélﬁ%t da? B99) Wndifs Ghe E‘Qlﬁms CORRBAMG and if so
e COI' espon I nstance and then
conpﬂmdgl (e Q00 thealigifal/iok tqmompn@dtestowh te helpef the epRrpRTipteFAgigration
servvgrt eli]ndf flhssellélgln%/ ? UQ%?} egtgﬁj c?@ﬁer Yo GRE }i@l'd r\sdlutehﬁtematlvely
ansa A get

the original
detémnmgcaaﬁ(ng whethereimecighd mdu@@ua fistd a.mti dftho Welp’@mg (at 9A3 theedigital

us of th (GOLI £ nd| {o
mkmgﬁepﬂ%lratlg% 8gt | tpen \;;mogvrlil - t Was ﬂs?% opﬁl%%ﬂﬁlﬁgrlétgﬁgggétm server,
crem&g (prr $0ah adi,lgﬂahdgrtahEe bhthmcetteits of e comespdroling fors talsecwith the
e a.for, perl nk instance cont.a |
help BP t Htégl%la 1:)1} i‘ or 8?1 sang %8 PRLOWRel's V%tg §1rg§at|§rg @g&a %?atn'ng th the
corRBpéntl DI AppITRSHANAR. asshgrin gl (RI0TDS) the dizibli s@atarenethefﬁakdmalue
instance is therefore typically inplenented as a
hyperlink. A duplicate page command produces a printed
1.7¢CHpY ReigetSwevearctoraatamddi ng page instance with the

b ac Koy n?%? gcr(fér%&qmm i Q RhBRIMEEL is hindlddoRBEBy 1O PicdishiFer. It

IS
operates d1rectly on form page and document instances.

A page server command 907 can be a void form coxﬁmand 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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form then the duplicate page conmand is interpreted

as a duplicate formconmand. A reset page command

produces a printed copy of the correspondi ng page

instance with the background field value discarded.

If the page contains a formor is part of a form then

the reset page conmand is interpreted as a reset form

conmand. A get page statusizgonmand produces a printed

report on the status of the correspondi ng page
conBFhIRGE e P MR PP SRS DRl Rt coms o
the @ityent Goriibinitince vithafiehb vadues ipsespraied. The eopyTératains tthegpne| hypwolink

whi.ch ears.on. every. net.page i ual,ly . i -
trangactipn ﬁsp zgd%' (?rtgétlaé aag 5%15 phh fﬁqtuslfaﬁleﬁ%n glre é) ngl‘?)?]gg aﬁltaﬁpcﬂcatlon.
A rbd¥P Femeddinalah®Roids tHeh@riespording Gtm Mienveanpage proBitanmeactive

prir{;«% gpg‘glog:t:%t teog]::/lmli:]sttaglag %\:V%Lg'wéﬂ(alll%gt(ﬁ%gr ?c[)\rllﬁ\(ej’cp]foylea)ngalns the same

hypEiNER kARAdioA PDEAIthe @Szl A s damtteiaolnimnk pgtaphh printeheport
t ext a%pears as typeset .text. Onl drﬁmﬁqafeﬁng hen it

on Hre gpis iele spfprapanding fopR tstagte GRctihing Bporpuglihay ty when 1t was

printddIRRWHES it R pahRBlMd Aeeainaties tyfomDinsiahdeer nat i vel y

repl aced by, a standard graphic indicating successful

Si gNgtndt 8 fHRItybérfiak irtnceofidil ia GRhAHACIDYERapIATIBKLS to be
produces a printed copy of the correspaondi ng ocunment

invlyesk inpredugingne AW KGR WHRENFS: &b QUiell [RILSSHRB Ve tprm) ipstance Is
thefefSe APCHTBRblASAE RSPk f Or M8, then the duplicate
docunent “comrand duplicates the forns in the sane way
a dupl haikSe phe B dQREE S - priftdd QR4 88 sponding page
connqnd&%ro%5E%£ a printed cop;xof Sﬁg? NP8096-§%_39
instewre et bickgoenddigkb rrlug pretere df fietnaeherargis suRer py igpert of 2
| dimdldSs SRGHIRAs 2 COPICAI SR BIHAIITA  reset
%%?}ﬁgh@%g{gﬁﬁgeogéunent %orﬁ%and régetgl_tﬁe fornms in o
page h@nmszme maduces pepritted temnrf dharapuesgensing paggeinstance with the
2 ! i R b | f £B0%, theAhe reset
o VIR T L CONRRS BoB0) 06 200 e s
pagk nohmekidrig intdnpreied bd 2 esheas dorint compiandh A getwege statisrromgnang preduces a
.whom i S print r Ldblished i
prf Pt 8 PRy SFREpGBRT MR TN IR, blished i
wheait it whdoptingedi for svhbm it Wesrprinked, adithesdus dpey dres iieanteingor is part
¢ page identified by the pen's current selection rather
°than on the page containing the command. This allows

a nme of page server conmmands to r.i : :

targ S.Fe 65@%%@%% A hfc(%c@jﬁfi an" aevﬁlggneeq@gg\}ée EEL%O ag{?algég with a
dupBtREPAE eledEnttif the desirgd ampldmpagen o€ theérventimnmand, t hen

the conmand is ignored. An application can provide

app! Wwiehiaopags festinté ¢s hapticdted gith fiekhrbdadi prepetvhd field values are

rel evant . .
printeg in their native form, i.e. a checkmark appears as a standard checkmark graphic, and text

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

indicating successful signature verification.

A duplicate document command produces a printed copy of the corresponding
document instance with background field values preserved. If the document contains amy
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
NPS096-5G



page server conmand el enent in a hyperlinked group.
The page server activates the hyperlink associated
with the hyperlinked group rather than executing the
page server command. A page server conmand elenent 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 gjrectly by a user. It
can, however, be activated via a page server command
corR RN o BLEY 55D BpRGns ot M BRBSETE e doumen
conGTNDAREIE, FCHURES s oMEERAGESnand rdstte therfoferin i s e a reset
each ne ge i S print th the ne e
forB omB Boes: AP ERRER st o b MEHREICoRG e B b sas
of i@ Sorrddp&ida@tdovinddk Q@A aﬁ}udiﬁg_@vﬂonghﬁbcsﬂ wlohst was Hmted for

copy button. npst cases "c|ickin the |
W’ﬂpadﬁﬁégnﬁdé%%gwéﬁnFﬁgmﬁgégm‘{%mgﬁggcaseeofogo form

the bhutton roduces a copy of 't re. for

the dhit el souEecruuRy anteled AR i ket T, omand
opeF AP BR , thd lis@geb ileht@fiedeby @hd Perdd covkgmk a;ﬁlaéttmyramat ghadir on the page

adverti sing %@i The defaul t. sin

corfAUMEE SO HIREHS ey O TRRES hever GBS b prgyed. T the

tar%éag%escﬁfeé??{ contE ﬁ'p@%e Gy hmhGhd eBGedrfer hanidiigthtddypage server
inking the logo button to an application. 1.9 USER

comppry, Bystheremnang ipigareds ed embodi ment, the net page

printer has a single button |abeled " Hel gﬁpn
pr es JutRppticaipp e BOHdRFASOpaRE tshandiing Bisepepine the relovant

padeReHHoRGhand SleAbMSn thyp%'i'hrm:@ %roﬁ? Mie phieierveNREORES tBEGhyfrlink
Sstatus of printer conSunab op-level help nenu

assooeerhwith the hyrerlinkad m@mraﬂtebﬁm @@émtlmgéhw@%seﬁ@f figsprpand.
directory The hel p nenu provides a hierarchical manya
on howpags seser qonunand ejsagat is pisdemif its Thiddand @lirile is set. A hidden

corﬁﬁg}ﬁtél%{xmy ndthGl SRk Bonefonld |p‘a¥\4 i sb Heﬂﬁi&ﬂ Hérﬁﬁtlvateﬂ dirBdtly by

a copy o docunent  print a clean cop a form
a ugrilntan heveyembe sctwﬁte@nf@@d@mwvemm eq‘cl?ﬁé’f 3 differeat page,

if ttlarl] | %we%gl%gr c%}fmﬁlhgrms)éts REE %?éc%g” Llj&ﬁ)ugqstett. on and then

any page of ocunent. The status of a
docunent i ndi cates who published it and when, to whom

1.8 STANDARD FEATURES OF NETPAGES
In the preferred form, each netpage is printed with the netpage logo at the bottom to

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

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

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

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

1.9 UsSER HELP SYSTEM
In a preferred embodiment, the netpage printer has a single button labeled “Help”.

When pressed it clicits a single page of information, including:
. status of printer connection
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it was delivered, and to whom and when it was
subsequently submtted as a form The netpage network
directory allows the user to navigate the hierarchy of
publ i cati ons and services on the network. As an
alternative, the user can call the netpage network
"900" nunber "yel |l ow pages" and speak to a human
operator. The operator can 4gocate the desired
docunent and route it to the user's printer. Depending
on the docunment. e, t publ i sher or the user pays
t he §na|quﬁgﬂrgk¥§%gggaﬁ§ervice fee. The help page is
obviquslx qnaygilable if the printer is unable to
print’. 1FPERS"CREE™ the "error” light is lit and the
user can,re ue%%LLenDte di agnosi s over the network. 2.
PERSONAL ASEBCBUBIFEAFFBN MODEL In the fol | owi ng

descriptioq as_a canoni cal publication

, [ d,.
exanpl e {9 e‘fepﬁciﬁmgaﬁ% g?tg’g%&’rggﬂlgl i zati on mechani sms in
th t el .th [ ft '
o SR AL e B
t he i.ntended e in th text | i d
-t e Aenpentiedee m PrulidfeBhrae RS "and  he

advertising content. of a news publication are

per sdnal P'ﬂ%d‘cﬁgﬁ’ § WFPP¥ ent nechani sms. The editori al

content is personalize according to the reader's

explVcitP?mgﬁﬁ?%Engﬁéa'ﬂﬁﬂicitly captured interest

profile. The advertising content is personalized

accor'di ngrighe %“Sr‘g&éa@?u"genf ocal ity and denogr aphi c.

NPS096-SG 41 _ 2.1 EDI.T L . PERSONALI ZATI ON A .

subs ¢ fasEPeRtPNCHE R I HATEARY IR ?feé?“%tﬁgku@éi P gy touching any
pade P BR dob\fentl Eh Wifths BEWRocuReR irldesates GRS putaikbdtihagevhichad whom

deliver news streans. Wiile news prIications ar e

it veag gplgEed e d dgwhona and: when i wasFROSEIHS LS FREMIter 352 folPy e ang
are aggregated either by a pews publisher or b%_%f by of
speci &Fi 2h eV aly gHsEano Ao e Bish| 1P ctviggtys the hierarchy o

publRidn@lahd sGQIcELEP ARIndrork ! Aliah i:0B@AtiVREMBNREECES calltBe netpage
newsnmagazi nes, while news streans can be nman

y and
netgrk 980” npmberiyellovs prges cand spsak ir yhumpas, peerator- bk 8[’)ergor can locate

theCRLit R cihdnk Bod Rufe'ieR! BOGRr Wolih@F. TRp&RAIndMA, thddddumemdy e, the
bulletin board, or the reader's own e-mail. The

pulplishqy ey the peds phxsdhe sonllSeellparpagesp pavice ffehe publ i cati on of
edited news publications as well as the aggregation .
of mifheihglperaae inerbuionsn availplenis gl rintgr iiEnablg 4o Bt indhis case
the@RfoP ?g@q%gﬂitﬁﬁ He Qb érjé 1eBGEsOEmBR W Rl RATBM SRRk ed

direc e rea the server 1s able to place
advertising on pages over which it otherw se has no

2. edi t GgeRbnkAMDS PheLICATION 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.
NPS5096-SG



The subscriber builds a daily newspaper by selecting
one or nore contributing news publications, and
creating a personalized version of each. The resulting
daily editions are printed and bound together into a
si ngl e newspaper. The various nenbers of a househol d
typically express their different interests and tastes
by selecting different dailgy publications and then
custom zing them For each publication, the reader
opt| nal | fic sections. Some sections
appe r%%ﬁ%%?%R§§&$ﬂzﬁﬁﬁtrs appear weekly. The dai|
sect opubseribar Icaib Hewf pib T frindril; newp eoursesighose daf dgliver news
pubﬁ ?i[t10§§( 3P hgse 1115{9.‘1 ]‘1’\#:? nestasgl%arQ" Q\gﬁ%tﬂ%\gss gu%&tioﬁ@ﬁle aggregated and
edlteetxrtwsthmpulvlmger ne\irsesirmms @geyﬁggr%n@d eithesr bys2 nevy guldigher g by a
el fiPoroRtoRd Lol Ral &
spe U B EpeBbbE NBut o SREL [pfah ooy Ll RRa 12 e
andnmmagaeimed;wh&ie eas mgamuszmdm mavtandrygtiede actews mews feed om a
drawi.ng_on_any AU st e NS th
ot Gheba B B ol T s o (s AR SLARTS: e
readenROWAeendint s (" Personal "), or for nonitoring news
feeds for specific topics ("Alerts" or "Cippings").
For ahe hetpaetpublivatisthervee augpportsoipt puizhtion of pditidfriews pultlisations

size, either. quali ort '
o P b P Bl e By A o B e e
forQAttiRA @€ Hews afechnishscladadi disdtly myonrhe rfeadar; tbé sestereist atdé g place
either qualitativ | ow, none),

advggtising A P"i‘g(?%\PYeﬁ Whtcﬁ “)é/’th(e%‘geahaﬁ é‘g Elky []g ©lrhe r e ader

al so_option xpr.esses a preference for a

unbaRe spvseitst s SRR RethS SlPREed P tufyne news
publiAteas, dﬁﬁ dAAFEh REdohdlizeB verkiag bf @kdh. dlhe resslting elaily yditions are

witten (or edited) in both shonﬁgand | ong for

prindee sk bouplteeepie i ariiigle MYvsBIRST Mg YiEgUsaPEBPhR ! 2 usehold
typWally é)?ﬂ:ss( @kir 8etcftihtetatts Ghd fasE Lot sc Bl doffiger: Gailygiublicatiees and
expec sophlstlcatlon of the reader, for exanple to
th%?‘@ﬁ“ﬁ@ns:ﬁ}?mdr en's and adults' versions. The
appr@prlate version is selected accordin
P

r ead&Pr gach gublicriien, thegarder eptipnaihetdqel speot Ce%fa‘i“ﬁ’é Soé’be sections

appdil &) t\@fﬁfesotﬁérr? Qﬁﬂ@ﬁﬁ@ek@v The URH) §ec@<blf§|a991aﬁﬂ| fred@The Na® York
arti C?, nmake u each section are sel eCt,e

Tmpﬁsm@]ﬂpq if(geeamggle,t indudedPegs Qne Plysy “Nalighal's “Igtgglpfgqpé 28l plmon
“BLH; Rl “J\hglﬁigingﬁ “@m{%ﬁ;g?’ul dndt ABrt! erdedet \Wera9siiabr ﬁaHlons is
ri

evant su bers, priority order, subject to
SPGSlrﬁa(t}eam@hséttloaMﬂtl%tm ﬂﬁfw#eﬂubﬂﬁbscrl bers' editions. In
sections where it is appropriate, the reader nma
opt i d’ﬁ;a|r¢a¢ere¢aatﬁx‘@nd; thel Bmawspgper by creating custom sections, each one

drawing on any number of news streams. Custom sections might be created for e-mail and

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

(“Alerts™ or “Clippings”).

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

(i.e. as a percentage).

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



filtering. This is then applied to articles which have
a sufficiently long lifetine. Each article which
qualifies for collaborative filtering is printed with
rating buttons at the end of the article. The buttons
can provide an easy choice (e.g. "liked" and
"disliked' ), nmaking it nore likely that readers wll
bother to rate the article42Articles with high
priorities and short lifetinmes are therefore

artielef 6€4 MBIl MinfbRN&i 16§gee gticles $RM drfikle Eseﬂéﬁlﬂgwrmén (B&dited) in both
editors and are delivered to nost rel evant

shogly#3d kg S to spRROT BRAETCIESEi onal |y specifies a
serendi pity factor, either %ual itatively (e.
don' tAnqu%? mawalprhe witengoradited) a different ngquw@ﬁlmhﬁiewcted
sc,pﬁa@ﬁ&a%n oPUR ;seaaae dr@spe! ;h'&f%&é ERldrenP @b bdiffhs AE4iB. The
ol | aborative f 1ter|ng A high factor nmakes It nore
apnrwrétewetsmvs ieﬁ‘éted @encrdaio Hikirpayle eegei Bie ippder canespecify pdgpading
oack Sl SRR U o faRAR! Y- A 01 Flerent

seren actor can be specified for different
days 14t 5 \;degs WRRK- aIQ 0% Efcﬂ@,%oﬂ'afeosefe%a Qﬁkﬁ)ﬁ&né&ﬁﬁl tLe Bditors,
topics o partlc nterest wthin a section,
and dartsismerignkd egsetﬁlriélqunneoBy téfegt tewirg deliveted 1o hiér@imtt@u@cnbers
in ;%Fﬁ?tyscgge?d{;u?])t;cttt%g)a%eﬁx'g)ﬁlg{a;i/n%a i%'n %e\?@%ﬁs%hb&g@aﬁ%}jé on affects

I mages can be
del i piiopal :
pref \élr? e%g%n *or erﬁ{ ga/g ?ﬁqrﬁgg%{& He o %éaglfra&?f e%ﬁlol%na"g ee%ab%rcouaboratwe

filidyolghThib fis thheapptbnrb@r arelesswizieh bdve imﬁ‘misenﬂs lmgtlifq:ttmm&le@:h, article

WthF %Fa(_])fvfsgs? r g%}pﬁgr?tlwoe nﬁl%lﬁrll | i% e{,'l(]etgd \%‘it{n ra%\ﬁg 'E)ut(&)lilxgl ftf’uy er§i of ftie article.

Theblbtttlensrmhlpmidﬁ an @hsy chdSICee(e g0‘fhkb<h’emq ualﬂhketly m&hu@t mo likely that
|ivered may be adjusted. At a

It
rea%ir%%’é %thflté’lrategﬁém} Zader speC| fies how quant ities,

date et ar es are.loca

oo Py Pl G ot it BCps i e R Bridered
essmhrﬂeﬂimgﬂ)ﬁ tacalitofsian® are NEIHERA 1Sho4d &lembt&ﬂﬁert.l ne

format, and a | ocal currency, and whether the

| ocalth adatl@optiomsly Spectffes ianehdipity facpsdithtd qalietively (e.g. do or

annot ation. These preferences are derived fromt

dorf CHGPe S GEATE el v LIRS TGN ypenold used for
mat@hibif | dining | @HaterdtiedfilyinOar heye fdc@ht makeb eit rmeleﬁkeiy that the
cor%ﬂtg)lgglgg la%cl 18‘?1%"?1 gelt &hes gI < eqﬁﬁlgeégj g:cglyaggydr O@ﬁa rent seigendlpity
facREGRA shalngd f&@@ffér&ﬁaays Bfﬂare KRgd.on is accomnmodat ed on

each page. The | anguage in which a news publication is

publ iTk&RMder aRE optichallPdpe@BRABSENGT phithlar RRERWINGR a k&tidn, and
property of the publication and not a preference

se&qslffé%l@cpn@wl?%é%g]@ébﬂh%%%r t he netpage system
can be confiqured to provide automatic translation
ser vilbg spged 0% ahg rsader’ sdgﬁe@@%connectlon affects the gquantity 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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2.2 ADVERTI SI NG LOCALI ZATI ON AND TARGETI NG The

personalization of the editorial content directly

affects the advertising content, because advertising

is typically placed to exploit the editorial context.

Travel ads, for exanple, are nore likely to appear in

a travel section than el sewhere. The val ue of the

editorial content to an adgertiser (and therefore to

the publisher) lies inits ability to attract |arge
zonBURP RS Ofmat M R8FEISal Woirbhel Nndr ier %nl‘a&ﬂl@ﬁﬁhce%nmst of in situ

Ef fective advertising is placed on the basis
translgtiei] driapnogatign dehessprelotenees aredgpivadifom theyesadsr mkPFéBty by default

proximty to particular services, retailers etc.

par t Te uledice| Teading: difficultins eayrde b1 P0Om S¥SIENALBY THAdeh OPtH@a“Y
speéjﬁgsala rﬁq fyféréfnc?qgr & NYigE O Ffé?ema o CBRABRNn@Simages are scaled

eter eneral inte s an preoccupatlons as

accwéinglya@ldllfrsk glfygrmgemid awgmp@ﬂat@f enscachppagews publ i sher's

nost profitable product is advertising "space", a

nmul t The gngrages inowhich @mlt:ws yubdisetéonris petdishad, aideits correspondmg text
enc?&eig% ésr@#%’]%?tyi%{ %@% %er S alng métgc{ grgrgn%rb%gékséc?gf{hﬁ hicP, I—Iowever
the aepageasaicinadan ebef @nfigaedtd poividg.aufomatih erams&tlpage'my‘s tnemrrous

.t he net page publication server conputes the
BUiskior oxi mate  mul ti - di mensi onal size of a publication's

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

22121 RGN GCEOEMIEAT e MG 5 ge00r aphi c

cove rea t he size

_each
r eaddhe ESrswekane et pdiriabenstent iy alecitibe P@J‘fegisgﬁ%cconteﬂt

becksO RBLLts AP is @giga@%ﬁzﬁed RALBIoIt $he ARORU ES: ClraveDads, for example
conpari son W her nedi a, the netpage systen1al

are pgee lglyde @prsianiy astpqg@@egtépn tb@ sPhsied l]eryablp Qhthe Iedltorlal content
to Aela@diser @‘Iﬁq tﬁéréfgf@’sto %ﬁ%dbﬂheg' 15 &% 1t9£1b1111ty th Qttﬁ@t lﬁl%ke(ﬁumbers of

separately. It therefore lows it to be sol
readgfsokidy the ughttdgn@am@w@al ue. NP8096 SG 44 For exarrpl e,
the sane advertising "slot" can be sold in varying
pr opBffedtiyn gdvedisingie plaredaen te thrge pilocality And drmogiaghisy. Locality

detern?lﬁg?grg m‘?l?gg arfi@1AABL el SGQIN AY efnh%a@igﬁﬂ%r leRBABAI ckerns

r or anothér, over al reserving the
assqgraggdowith ghe ddcak parmugitl dnd emamamenidPempgraphics ine general

1ntega§tts B@fﬁe&&gﬁ B 0Hs lv&%ﬁ@ ?%gf%le}x(ﬁﬁ ithQs.0e |1 nked

etalle ormati on and online

purc ﬁaﬁév{;sg pulLﬁshér%e %gto E)ﬁ)gxrta%'le ?Isod{laels' Q&vrehﬁﬁl# Ceeg Eé’ée*" €4 Ofiulti-

t he advertising ecau ersonall za
dimbetaki @ity oiateanmem abm dhednuumiatlmit |g@@r¢}3hlf:by0‘ﬁegpa@e size of its

rea fs i?lf ereaéa%Bsh P a\rn/1|%r ;c’a}pl'bc?sga?dﬂ\{géatél greg 9\!3?9[%5 f&:ﬁ%x%[’tlsﬁ@n

In the netpage system, the netpage publication server computes the approximate
multi-dimensional size of a publication’s saleable advertising space on a per-section basis,
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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geography and denographi cs. The subsequent

di saggregation is efficient because it is 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 nmay find#the change profit-neutra
because of the greater efficiency of aggregation. The

advertor $kiifbladbé PR Qdveating Bforabad B esldaflivakihgbRbyREss to
advertisers .and publishers, and may pl ace the sane

sevaE e erea R T VA feafie Remsirandam Yghelving the advggisempent of one

adJéﬁtslaﬂG ahdtadr, @e@r&ﬂ |p?é§§'gﬁ§ Ehe'p?op%rtﬂ)ﬁtopﬁﬁé‘e %mlo e At QREAN
be nore Con'p ex than ad p acenent i n the

publ '”Ifh@tﬂeﬂﬁgé systefl biidvAnlve GO B 16 R Alnked Qﬁ&:ﬁ&’&g Jeﬁﬁed product
publication s = advertising space is nore conple

infoiatien prshenling purchesine I thersfopt eatset ihesintinsia evgblﬁoatthﬂeoﬁbfertlsmg
spagg,t ween advertisers, advertising aggregators and
publ i shers, the pr ef erred formof the netpage system

prov ']Eﬁ:@zﬁlsé %’gﬁoﬂl}’i&ﬁﬁﬁt £ BLIRRK §ornahies Qutomatically by netpage

negoti ations, 1ncluding support for automated
pubdigefidncaeyeist amativertising iaggregapu cen pawide ehitrasily broad coverage of both

geo%?ja\'i;fl* Ca&{h tgn%ﬁl’\?i\lhg aﬁ‘le SIIb% u&ﬂemﬁ&gﬁ%ﬁﬁ%ﬂt is éﬁ'lc ]gnt because it is

Usamn enera amounts o CONE,
autgmatfe. Blsis gwkds|it roere hmsghﬂfgntlmbapulzebbrs adva rvmhzaémmrxg aggregators

thalg)}g edu% gﬁ:%g'gu S Cﬁﬁ@éﬁl?ﬁ% rhv%ﬁ gt%t | tt%g ’ad¥et;lt?51%g 9%%%%%)9 is taklng a

capture vertil senen
propmlan nbetdpagsnmﬂ;vsme M@blishGe mragéind ek cthcyi 2y prdﬂﬂ-ﬁet}]}l{ﬁbbﬂc&he pf the

nt on the r ant _net pa
e BE TR O oefipBh? TRER bbbk A0S AR B RRHEay berneen
adverissre ind publisheBlind @@y plads the sanep&i’v&ﬂmiemlﬁﬁhlmm& pubditadtions.
it picks the relevant advertisenents fromthe netpage
ad sdr N@foﬂh&oﬂngﬁﬁ&mmbﬁSn a. nBtpigel mibticatiah canbe more complex

Fi |t ring The nal iz news and ot hey D,

thafy o Slecetan i By PR S s e rlerng Hedhetthe publication’s

advmb I §6spife A5mors p@ﬁipfelxc Whilef ﬂghcﬁinlgnﬂgs rfﬁlﬁtcbmﬁlfxxlhém bidégagations
u | Catl on ust om zati ons cO Ilter

bet iy Glsery e PEAEP RS apsf TR, 1 Grep dpBhdat neoage

systthe pEvRlcO Ebaat dubiina@ld Suppbi! fof andss Mek&tiatidil GAding support for

publ j cati on-specjfic, and so the cust zat
i} YO A 1 SRR B AN BPLOR & naa%‘efiw‘ﬂﬁ*}ﬁ@tli)@@ ghe placement

of FNBkikRhis Whichefch@hte 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

2.31 Information Filtering
The personalization of news and other publications relies on an assortment of user-
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A col | aborative filtering vector consists of the
user's ratings of a nunber of news itens. It is used
to correlate different users' interests for the

pur poses of making reconmendations. Although there
are benefits to maintaining a single collaborative
filtering vector independently of any particular
publication, there are two 4%asons why it is nore
practical to maintain a separate vector for each

speRHIRlpkA infibmatiddeiBlulifg 1 kel y to be nore overlap
bet ween the vectors of subscribers to the same

publhcat?gnwhﬂﬁqugghﬂaﬁmsthose of subscribers to
di fferent publications; and a publicationis likely to

vant .t o pgieseRfivd filRriHS&lefors COl | aborative filtering
vectors as part of the value of its brand, not to be
found el ggwel&aisCol | aborative filtering vectors are
therefore al so mai ntai ned by the rel evant netpage

publi,cat | %&mﬁﬁ%yg&ﬁ“&E tact details, including nane,
street address, ZI'P Code, state, country, tel ephone

numbefs, cdbfiAhaPat a bﬁ@aEUﬁ €s Bﬁﬂqllfa ﬁb]qﬁﬁh&téﬁkﬁﬁg M R the
net page registration server. resentation

custmgifasio fréersiatipmis mathitaingd bl theerelbvant eatpage prliliegtiongerveas and
tinmes, are |likewi se global and naintained in the sane
way. AThelaberetive fitering veasdr corsisss of ierngeriseitieas of mupber of news

I ngij [ ,

o Rl eeU S8RA! Bl HSRE FuGO R ICRRBLES o roking

recbmfnendmmsonlthcugh tlaesse aatbengits v meihtainingensiegle cwﬂiibpm@re filtering

vec ra1l11 Fndent(l:onF’awP gglftiglﬁg'r }gmnhczﬁ%HCﬁ%Ileoﬁe tpvg rgéégljlsl wgv%%:'itvﬁ more

eriv suc ncome or
prattiab ® msisthis anaparah oase fbloeablepﬁﬂicatpmr thoras hkerlbf mrhwandr@ pverlap

bet%gr t?%ye%g&sl %;;GI?SH éuelﬁ-sre)ﬁgihegs’ e ﬁmi 65{@0@%&1&3@} A een | %sbe of subscribers to
dif@&hv giiblicitiond; nad abgdliesionfis lisle o wadtao Ijlsmsd:rmﬂt,s users’ collaborative
dvertising can be targete a t.he .
P AP S dBT AR Fron e, s B TR ooy Gollgporative
filt&Sectmid @Rt théFefbre a0 Mnaifddihail Bthe RRPE 6&HAgo Pulidicardnderver.
and application is assigned its owm NPS096-SG 46

uni guntackedetailk 1ﬁcflud1ﬁ?g’lﬁhrﬁd’l etrfte hiage, TP gicdt, rsatd, 0ouns el telephone
tween them .as shown in

mai nt ai t he relat onshj
e e iopsl bypgturo, an ﬁm?&&“ﬁﬁ?yPaap%gw%alﬁtfaﬂowf"ﬁbses
P o LRI P TUBT (1A 5 BB i 11 iges re tkewise

gloBARd MaftaRd inkAE hmdSRE. 800 may be authorized to use
any nunber of printers 802, and each printer may

al | OWhamytalate bf ffvertiSias Selfe® ol B IbdaliyERGBatetB BRI thd8%r°a contact
single default printer (at, 66), to which  periodical

detﬁ&bwh%%thp drgeting ef lpitiviar éﬂl%yn aerad pforppi spcasglte of birth,

en%ﬂ aBiEh1 Qg SMBIME, PFFesdiBh,] dRERRN, $r0qlalRLRS ddMvRives such as age
hrough whi ch the user is |nteract|ng The server

ranRe#lddnqopgEdgsf whi ch publ i shers

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
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a user has authorized to print to the user's default
printer. A publisher does not record the ID of any
particular printer, but instead resolves the |ID when
it is required. Wien a user subscribes 808 to a
publication 807, the publisher 806 (i.e. application
provi der 803) is authorized to print to a specified
printer or the user's defaw@ printer. This
aut hori zation can be revoked at any tinme by the user.
{
w78 Pk B850 SRR s S o
as :thgn an ﬁgpltep aul23r 23p§tridrﬂ4€For rpg;@wtlplhaqrposss-, iarppllisher is a special kind
of {pgﬁﬁ%gigﬁ ? %dgngndQJ uﬁaﬁ@aﬂ&%g a sﬁeoﬁa@ RSd of %h%f:%@n.l Dis used

correspondlng user profile maintained by

", DI 0 5 A0 AR e e
may ellqy anytnuohersof paars foorsd wrEapletgonbps apinglstdefapit primterde 6§g to which
perg\?igz\%gﬁu%ﬁcattlogsgarg gelp ad§ bd %gﬁﬂ{ﬁ? r%h%lst r{{lg%%&%rd%q dglldcrlﬂdnage X&Qered

conven t he neares
to the bmgehmugmwmch thE lger msemmegangs y”iat gnveg Eeepe ohdkadtwhich nvubllshers

behal f of. ri.nte rovi.d QN
o upe DRl PSR 0P Sl e 3l sp G 3BT P80 Rt of
anyOfaetiduble prirgerpbuit Msead resdhughhe Imlibﬂét icsequiredc| ude

advertising fees, click-through fees, e-conmmerce

CoNMMBEdnQNSer Mbstribés 38 3aa bhlﬂhalic&ﬂﬁ)? thé ptiitishgpBDGIlier apptication

y t then t he
Pr%iﬂnswg%g b slipried ELpiniie g e %‘E%&QQ’ cBEb L gpyiner: Thi
authﬂzﬁtLbri @&n uﬁ &:dolteg aﬁﬁ@uigﬂeljb@tt@e el Eﬁbhdﬁhidlﬁa@ hawsd:vamqﬂ?]st &1, but
Suc those described Int receal n al agr.a ,
a PE‘bf?tSQE‘i‘fs I Hpipgle 8395, Fapsen g .awgorlaggﬁ%useaad%ﬂr@?kf Hﬂ‘gﬂ bien tha
prift& BRRARE MY ODBE GsergbaBal preferences 816, including

privacy, delivery and localization settings; any

nunbehe Qfen DIDO L Lideld Cro! 86 @ife Sdkrespdn@inE Alstd BB fild) GalaB@ifed Sby a
encoded signature 818, fin rprlnt 19 etc; a

parghaieiPReTBE I EEER sagves Via the RStk e g Whtalned by the

system and SET paynent card accounts 821 with whic
e- corfreY Q?eteﬁlé‘?ﬁe&%caédﬁ HEhopgefeto PW%%P%%‘V neépage printer,

ASPHETLE S OB RN Wi i

CmWHE“ﬁ@WﬂH@éOﬁQFWQﬁ%“ﬂqﬁ%@mﬂg$r|s mai nt ai ned by the
systemon the user's behalf. It is organized as
hi er dihehgetrsge fyptermr eangoollecty g behally @b 4o RHYIES r?éfmldebf fees and

coﬁﬁ@fsﬁ&]s' o R eakdd ihiBudh! lﬂﬁbﬁcatlghsaﬂ{lﬁén dthE B¢ Printers. Such

3 History List The system preferably maintains a
mcmlstqan yingludet adpgising e% heligsdiroughb g §-compHec Cpmpigsions, 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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links to docunents etc. accessed by the user through

t he netpage system It is organized as a date-ordered
list, a preferred enbodi nrent of which is shown in the
class diagramin Figure 42. 2.4 | NTELLI GENT PACE
LAYQUT The net page publication server automatically

| ays out the pages of each user's personalized
publication on a section-by/section basis. Since nost
advertisenments are in the formof pre-formatted

2 3f£Ct @a0lSes Lidley are placed on the page before the

editqrial content sing.rati.o for ectio
can. By BOL NSRS ks YT avar §updy SRR e
on it hddSagd Metwdel. VId Uk iPagisaividt By thetspsters et lhemseranbhhbllﬁelt is

ad | ayout al gorithm exploits thi or|
org%%?ﬁ.aaaﬁ@&f% 05#{*%?2)‘(‘ %P@%”P%E'H “E‘f“g%\%‘ et R h e cass
dia@dhiPFi@e 4&nd advertising content, such as placing
- ads for roofing material specifically within the
publication because of a special feature on
2.3¢0- | Histewy Eetf roofing repairs. The editorial content
sel e d %%h:ﬁit eah
mgat St AR ARmah O bl {8 bn B0 185 SR, Ehtaining
links &o ldmmmeadeetch edcessed by the uséFhibrouglt the octpagscasien. It mqrgamm@ as a
date-grﬁifzrgg kIS%CEE nglﬁr(e) errocI emaffl zzrn%gg dit \J(})}ﬁ%h el?% 0%' i &e%ﬁassﬁcﬂégtnﬁﬁ nai} igure 42.
converged, to attenpt to nore closely achi eve the

USEfnaEEQEEﬁPPEGELAﬂﬂﬂs'Ze preference The section

érence can owever t ched on averagﬁs ,

over 10 Bgtpags PEFaipn SR ﬁvtelaﬁtecaﬁlanﬁﬂﬂf PG40 Dages of icffpsuser's

ers%n@llzm%Q{fonFMtlQﬂﬁﬁs&h% FRGURRIRE moSt ddebrtsethts akd in the
is encoded for efficient dlstrlbutlon and perS|stent

formg obprgdermgried reeanpspigpeary alagggror therage befersdhepdierfal eansney
mechani smis the separation of informatjon specific tog
a silhgpdvetisivng raticfor pisesionsan Phiacisvad MEh valdlr wiying advertising

ratlgseBP(Vﬁﬁﬂndﬁi dobd ﬁzlth'ﬁQﬁec'secﬁQ‘l Lh@BR- ad TRRUS 91%§ﬂltﬁfncex 101ts thls The
6-SG 4 i nformati on consists of the page

algqrﬁémsm mr@amiewcbatmpit eneclorye sloselntied ?ﬁétoeﬂj g taé"ee“fé)%g content,
suc}{\,gé %E&,ll‘if{'ﬁs @(ﬁ' X%laf ﬁjeaﬁéa!ly'vﬂﬁiluﬂqé Bﬂ)llcgfﬁﬂ%wuse of a special

ces of 'text. A text object contains
feaﬂllual dnydOflbqutfe@fmexqpalf%r eferably represented in the
Extensi bl e Markup Language (XM.) using the Extensible
St y| dbheditorinlaenisaipslectr®igr thexser, fnchidingaext apg assgedgied images and

t dent | f th
eroffi s Rlen M E L ELaif PLTRbIs Akl pdRRENdent [y of the

t hl Sgﬁg%ﬁtlﬂe}r&%gsn %%&lfé@}g dﬁlllgdseﬁgtlfhlh@f !m@ dﬁﬁtthe IE]@«:t ﬁ)%tf editorial

obj ect contains é anguage es to ena
conmnt mmattbectetamlrcmbaﬁw tayputdasicanmtreelt echttayphio mare dnsem ashigve the

user § state&i sewhon si pre renpe The section size preference can, however, be matched on

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

2.5 DOCUMENT FORMAT
Once the document is laid out, it is encoded for efficient 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
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formatting. An i mage obj ect encodes an i nmage,
preferably in the JPEG 2000 wavel et - based conpressed
i mage format. A graphic object encodes a 2D graphic,
preferably in Scal able Vector G aphics (SVG format.
O her formats may be used for text, images and
graphics. The layout itself consists of a series of
pl aced i mage and graphi c objgects, linked textflow
obj ects through whi ch text objects flow, hyperlinks
infoq‘ﬂlgtidnn&%ﬁj% o?ltgelsg ARRE MHRCHare@ Y Snatig) GodRtCEMRE l6>byacts. to
regi ons ese out obj ects are sunmarized in Tab
whigh th€ipegel laypotmefers) eliding dopgsa@raphios.ad pisess pEigkte f or
efficient distribution and storage. Table 3 - net page
| ay out tegtxjbgeet smLaa}scfutly-mrmatteldw@, feefenably rerfresenspd ixcthe Extensible
[,i nked ob P | t J
Moty S0, R, ERE o BREHAL o IRIEL AR Qo) "R provides
preéiset fohool oemttéxt cﬁwmhﬂingmnlependmttly @ﬁﬁab rdgemtmto iwjhesbthel tExt is being set,

o5 AP PR 5 PGB0 s s

codes © dnaiTdbitbihatiol t&'ﬁEihtB:lﬂT bN:riteddkeisiyphdnetdbnaivnty &3 aifl avith paragraph
fng ‘Foses of efficient distribution and persi stent
° g'age on the netpage network, a user-specific page

l ayoginel 2 Se %gtaénggdefs ragrtl]mtagee p?e eraﬁy i ?AeeﬁJE% 5800 wavenet-based
compressed image format. A graphic object encodes a 2D graphic, preferably in Scalable
Vector Graphics (SVG) 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 ID JPEG 2000
Graphic Position -
Graphic object ID SVG
Textflow Textflow ID -
Zone

Optional text object ID [ XML/XSL
Hyperlink  [Type -
Zone -
Application ID, etc. -
Field Type -
Meaning -
Zone -
Watermark |Zone -
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When a subscribed publication is ready to be

di stributed, the netpage publication server

all ocates, with the help of the netpage ID server 12,
a unique ID for each page, page instance, docunent,
and docunent instance. The server conputes a set of
optim zed subsets of the shared content and creates a
mul ti cast channel for each4gubset, and then tags each
user-specific layout with the nanmes of the nulticast

26 Chang &&wé’ﬂi"lﬁ%ﬁhﬁﬁ‘élﬁoﬁa”y the shared content used by
t hat

erver th 0] sts each use

| ayolt debpibeitlipvey & PULPORS 0 ﬁ?ﬁ“&cﬁm %Stflﬁ‘&w&ﬁa? isla ilgpigstorage on
the RAGBe BRWYR! a uRREhBINR Pagd IRRUPRIsBLA&d fréi@ tHeShAedEHj&tLto which

nmul ticasts the shared content on the specified
itreffannel s. After receivi ng its pointcast, each page

server and printer subscribes to Ic}i cast L

chanWéps a subseidher; puligation hsereb%Yg@ ‘l’eaci}gﬂg‘]ée thfr PeiRee Rablication
serv@ﬂ-’alllfo'cﬁ@ssh@m t&AkdTp BAGE nePhateiD {vkr 0D, NMiffuctXN for64ch paid)Fhge

mul i cast streans those obj ects referred to by Its

lnstae'agé‘O‘FW@u?@dWW’ee%H@@H@er vers persistently archive

the received page |ayouts and shared content. QO her

t echepewer sampuicdiaset ofinptimizgd sehseta af thesharedeontpabapd creates a

mulgﬁgtechﬁmgfqoma%ﬁ st@éte% Ql?e'n\{?gg ednl us&rrk%eé?ﬂ?d Bfdud whi tﬁé'{?lbﬁ& of the

page ayouts r r|n er re-creates
mulfiabst c,lmwpumcremll eamuﬂw almect mtrmt assd & that Jayghtl Tb? |S?ﬁ“§ then

pomltéasts yfﬂ:ﬂ nsqﬁ s 1§ 'ﬂL?H@ts %ﬂgt%swa ttlFEea fogﬂﬁtgks rs'eﬂftns and when

an they ca sum ng a
the qmaﬁcasang @fcosa:&ﬁhr pagecasts theoshared dowfenthon ihagE@IﬁetirFélannelS After

ave 0
reco i PEPORRRT, ARF e e, %, RS ABARLAOBRe Mot chamets
spedlﬁEdI ih shelpageelaytmts Dﬁz‘hmﬁhermuhtcws adtdhmer@rvmmdtpelm pxiragts from
the &uiltfm%étz%t%%%s tl:ﬁz?e I]ec st g&er\geéi: 60:1 %yai s fade %?ou?sf aﬁ@{% P&%g&wers
pers&Mﬂtlj? am‘hwpa@e rdaiad pege shg@msdandv\khamki ¢omtent. mdthar teclimques for
P gHest e caed rate of page data delivery over a

‘Strbtf“g%g‘ Pﬁ? Even under abnormal cir currst ances,

such_as when f he i nter ut . of ap S .

i KkeP PR i Teeiied alf e oBECisa whiEh i B &Fédﬁ‘)%tﬁ reffothe printer
re-clRAPEhe SUPRopulkied Dyt bitEth@t daftedes Snd];ﬁﬂltsﬁage i nt ernal

storage capacity is exhausted. However, if the

pri NUgder Siotnid] Gdﬁlf&ﬁlhlstﬁ]iﬁﬁ@rthe do@eer forinks papes tisean thive they can be
printer wll unable to nmak e of nmul ticast .
ot ARl S FEh g RBEI QU BFeS L PSS By dps @ sz
of 1etss1ﬂraﬁf4@o1ﬁ3 athl PYiter Bl thdrefofe Hod ﬁlwlaaasg of BEURSK fagkOM its internal
re-mul ticasts. Wien a critical _ npunber of requests i

S
64MBamemorxpllgrvingpdegnorass byffers gte, Thapyinter pEaty pka rafe 0f one page per

secon@ MEY iseQuitdlrt kFARKS drBoiR BMIBSITPALH dheh (S0 8¢cORd, WHidAGE Similar
Once a docunent is printed, a printer can produce an

to the highest gXnsripd B0l Rpecalp c{epyﬁgy pyer 2 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
NPS096-8G



retrieving its page |ayouts and contents fromthe

rel evant page server. 2.7 ON- DEMAND DOCUMENTS When a
net page docunent is requested on demand, it can be
personal i zed and delivered in nmuch the sane way as a
peri odi cal . However, since there is no shared content,
delivery is nmade directly to the requesting printer

wi t hout the use of nulticasph. Wien a non-net page
docunent is requested on demand, it is not

a tuH&}ru§ O] thEbrved wjmhl'ﬁcas{sﬁheq%hje %ﬁ(ﬁg% MaRdBbE&s gnat ed

tpage formatting server ormats it as a
net p@gFe a GQGHIRAL prirfted] gi)ﬁﬁ'tgxecafngfrmt:é i \GaSChuYRiatel 28 aﬁy tlme by
speci al 1 nstance Bt a t page bl'ication server.
retrigeinp &g pagk daymets alidn@n'@ets frem therslekanb phasdeacrof vari ous
I nternet docunent formats, including Adobe's Portable
Docunent Format (PDF), and Hypertext Markup Language
2.7( HT VON-DEMANDHROCIHMENISOof HTM., it can nake use of the
hi g h&Vhch €S AdtpHak Qacdhent Re rdatéstddesh pagmd] o qaﬁ Gﬁelf&somﬂhed and

ges in_a multi-columm fofr with .a t of
IR Bl P SeB VAL FORRETSART JloPET e frre ety shigegsgnient,

delidéry @chdd dtrédﬂé/%jth'é eeqh&ﬁng BaHESHigduiiBgese of haitivs&er can
tune this behavior via a preference. The net page

f or Mg¥Heh AGoR-REYRE IBBRS! S ranekdddbnNRnaAY & ibRkPelstialized, and it
including interactivity and persistence, available on

is dehyerethiviar fidesigngted mstrage rffaﬂwﬁms YR Ahichy iefogmaty it a3, g pretpage
doc{u%ﬂfaA net Sgehfo @&W’e@ doesRtiadinkthe it rﬂﬁﬁﬁeﬂﬁ[&ﬂwatlon server.

formats ron1 bot h the netpage printer and t net pa

Thepwigecs BrVERIE s hrsdeewledsu cagessdremruloRuTPA demey ohding
Ad{l}:é%rpo}%@e SREMRILE Forfrat ;%5@9%1‘{1 Skt HRYET CFAREHTML). In the

yptography is used rotec sensitive informtion,
cashot HTMA., éftcan ambe asedofi the mgwsrpaolutloa 98 thepriated e foguesent Web

pagpsa%t IIglﬁtl L uﬂm%&ﬂﬁ? 1,0h1e gp&{nﬁen@.r I3 chY‘th&ﬁa@i%ﬁﬁzsmﬁflde all Web

cryptography in esprea use: secret-key

pagey dipptthglinkpdhip tlmstqimabﬂ pazek Bye uwseryopn e dyhiehavitre iapenrpiatsace.
network uses both classes of cryptography. Secret-key
crypilbgrmeiags faimsattinge fsevereanakes atindaydmeatpage behavior, including

mteaac¥ 'P o%xﬁ Qp%ten&s ?&aﬂ%ﬁ? o ﬂgelnteh{%y dc}cﬁl Sﬂcl{oylﬁﬁtteﬁﬁfgat its origin and

tres wshing to exc
forma Sl hlgesknnwk:ﬂga‘ cbfrdsﬂfererm docalmgat foonagsefpam botly tl@mmwvg@mteh end the

rei BBy it ey S RRag Ry BER R R AR o) 1

encryption keys. The tmo keys are mat hematically
relagggumpksuch a way that any nessage encrypted
3. usi ng ohe key can only be decrypted using the other

key. One of these keys is then
3.1 CRYPTOGRAPHY

Cryptography is used to protect sensitive information, both in storage and in transit,
and to authenticate parties to a transaction. There are two 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 to exchange messages must first

arrange to securcly exchange the secret key.

Public-key cryptography, also referred to as asymmetric cryptography, uses two
NPS096-5G



published, while the other is kept private. The public
key is used to encrypt any nessage intended for the
hol der of the private key. Once encrypted using the
public key, a nessage can only be decrypted using the
private key. Thus two parties can securely exchange
nmessages W thout first having to exchange a secret
key. To ensure that the prisgate key is secure, it is
normal for the holder of the private key to generate
p [
enchit ol R¥sP §he B o R REMRHORIAREH B oy R Dregage
enchwyedoamg coneh@‘yecaa okdydardetrasted wiingathereberdese. Qrriofithesq keys is then

oS S 15 0 AT S By PR e

inténdédyfoathd Iheldeloff tltel']mvhﬁlkdﬁ Onoé enotjp@dplsing Hteepuklig kayj @ essage can

respect to that parti ssa d t]
R e e S R
with@s h‘raglavlﬁg to &ftkange asager kel f Td blesum @ﬁ&hm pevates kaypis eewle it is

to thep th t of th
norg} o e B q?ﬁwnefﬁéﬂwetgﬁg&%%@ BRine an that i

cry o O EEPY Frarts AL Gy o T T ¢ e
privigtkdyGan KOMS a\kﬁd)\(ilhhaﬁﬁ ove megsagmﬂrtmrmeﬂypme dsh sising the private
normal |y done u5|n certlflgﬁ%es and c rtificate

ey AR o4 e VoRT REIPS SicEypisd BERMEOR TRy G PRl it bolder of

thetphlvitg k@a’&/fﬂyr %pﬂa Rl bR BON 1hrGAdsSee 11)? QedFANNG Gilel diiﬂrypted hash using
bet ween a i c key and_soneone's identity

the wblq ey aad seriinn i *taﬁh qasinst the mepge- Hthe gjgndtire lﬂ@ﬁ?‘?dﬁg‘/ to the

meR¥e L HRAHRIOShibdl S Nhk InésHRCHATRBES bofitht keaRestdze &l géﬁulﬁd'hﬂld that
signs a digital certificate containing the person's

it hpgreoh beenpligred witfagsiind publ i ¢ key. Anyone who trusts the
certificate authority can use the public key in

cer t iToj razke eublickey ririeprapin giode thsre Basrtp J i yan ‘ﬁéi‘sni‘li“t‘? Rublic
ke)g %‘Héhn g&e%gbﬂééiau&@vﬁlﬁ R nb&hdlfyYddnD abink ReriEiesds' dndCRkHicate

has |n n signed by the cértificate authority
autidrivics @ggtlﬁ@tq(@thrgy e trusked dbied parey wiish atttheélﬁgaé%st the, ﬁonnectlon

bt & g&lﬁ“g ? cfjgmtl-éoﬁe gsr‘&énﬁi&)’fﬂ@mﬂ% du%w?iﬂ) Ver%? @iletlﬁrson s

Ccreat Sl gnat ur es and to securel y exch anﬁ
idestég rigt exsssmg)rdeMéyslom@@a}tseankéyn corsafes @gdm g digita] eyificate

con\}&cf'%:ng tljle etrgb%r R %@tﬁfls Luﬂl h 1cfk% | R Jné v%osﬁbls?ss{h‘erbertlﬁcate

rence I s de to the sec ransm ssion of
autharftp rcaratzseothe belﬂwdem in thaetqﬂd‘g:etepmlna élrghah@rea of eenjadgty that it is

what ..act.u ha . '
genélglcv"g}ey dus é% elt 1pf?einl§at the. e H"iucatg Iﬂ G ﬁ%ﬁée? tb\%l{:nt %é??g% ?lzenéggﬁicate
autha@ity, vehogeepublid kayai welakiidvwar i t y : us es the public

key-exchange key in the certificate to exchange a
secr @& nmsﬁimﬁbtlbﬁyeniﬁkcmhleﬂtblq:@ht-k@r ¢ryptagraphtyhie renlyseed tid ereate

di ggé%g?ntawﬁq% asl}ld C‘Egﬁgcgl\éeﬂ c?xn o ys@érﬂf:,%g%%le %é‘a gsecre?ﬁ(ey m‘;%tography is

used for all other purposes.

In the following discussion, when reference is made to the secure transmission of
information between a neipage 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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can have an arbitrarily short lifetinme. 3.2 NETPAGE
PRI NTER SECURI TY Each net page printer is assigned a
pair of unique identifiers at time of manufacture
whi ch are stored in read-only nmenory in the printer
and in the netpage registration server database. The
first ID 62 is public and uniquely identifies the
printer on the netpage network. The second IDis
secret and is used when the printer is first

|st red. twork. When the printer connects

cm41 thé" ﬁ?hpﬁmkngt%%rk for the flrstptlne after

installation, it creates a signature public/private

32key R@'HAGE'F;RIH r%? syt he secret 1D and the public
securely net age registr ﬁn server

sor T VEfehdsTRget ey tigasgardt PPGgAen tp‘f%?fe‘}laﬂél?ame

whisi &feSdorbPir %ﬁ&lﬁn‘ﬁ? Ondnfbry §:5 1 arARaSed imnd n’éﬁpﬁﬁie‘gls&hfbn server
registration if the IDs match. It then, creates an

databﬁsgnEheaﬁfé*em 6% is pbles and el idgntifies the pripte ronéhep‘EFH?ag% ngfpprk.
The%gtg)nﬁ WOk sCorsi M8 ALMEEWKSYhe ks S ESstéB ot BE héthbikat e

e registration database. The net page registration

SerVQfeRAHeDriffer fonnbiltd ioﬁh&tﬁ]ﬁg@h@t@&k'f&ythé ffst thad Pag ﬁlstal]atlon
prl nters, since it has access to secret informatio

it crphlenwi siapature public/private keyr paix. dt trangmis itheyseorph ) 2pd dseel?ubhc key
sem%ﬁlg 36 rtfnp ﬁég&g@r E%B%hﬁ GalbOhe @eﬁ&c&ﬁfﬂ)aﬂ@ tife Q@LeEUD aBainst the

Istration server database authori zi nq
printdn’s sgnmIIDswerdetl m lpﬁrdatﬁbaﬂeh@d pEdshEs @mfﬁgﬁfﬂtl@ﬂ if the 105 wptch, 1t then

creasegsfatialhl tﬂgnJ) I Jllﬁﬁ{ ercron%m?r%etﬁe Eﬁrﬁg‘ HE ﬁﬁ ancﬁ%%m/ s:@%ﬁ@?é}t and

via d page ser ressed to
storpsathé catifiate :mﬁene@mtwlsdmbgwed by the publ i sher using
the publisher's private signature key. The page
ser v&he napagbn@stratmza sdri acegis st qegtificatn agépulyfoenetpaga pprinters,

Smcﬁlﬂt& F%cgessg se{: %nﬁon%gttlorr]loarllfy%ﬁlg 1ttt8v %ﬁﬁgr 1&&%‘@

€ Speci user page ‘server

verifies the nature u 1 he PHBIk Chet
oy, BT A FPERBInLS suBIoGoRs B 3y RhealaPHOL: Cptoaes
regibtiatioh rservme@tﬂiaseanutmlzd@tthbasbilshéfhte mmt Brgmiblication to the user’s

cerifi I Phc GO P IVE i SRATRHC R e Rp e skt Server i
addfeeau&s taSpaﬂi(ﬁlalr Miksdri i del sighad By menpubh@es vsng thet btifher’s private
. 3.3 NETPAGE.PEN S

mgrﬁgxge We&“hg Pags Efﬁwéer v&gﬁﬁ i E%Uéfgl%rag on E?ta nﬁ%ﬁgagct? e uﬂ]fzher is

authtilzed td Gelivet eHeepubilidatiotand- the|s)éedm0ﬁs)tr | Thet freze pneweanehﬁen the
t he net page re [ str

erve dat The n.ID ..
signgturq, hiRg BF yul?la S5 BY E% Rt gb tBpd Rm %P‘ﬂ)@f’}?&ééﬂﬁgf%ﬁ&md n
the AgRELRAUBEPAB. can "know' a nunber of netpage printers,
and a printer can "know' a NPS096-SG 53

The netpage registration server accepts requests to add printing authorizations to the

database, so long as those requests are initiated via a pen registered to the printer.

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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nunber of pens. A pen conmunicates with a printer via

a radi o frequency signal whenever it is wthin range

of the printer. Once a pen and printer are registered,

they regularly exchange session keys. \Wenever the

pen transmts digital ink to the printer, the digita

ink is always encrypted using the appropriate session

key. Digital ink is never tggansmtted in the clear. A

pen stores a session key for every printer it knows,

ber of ePs SR ;;:Iorg]}é]ﬁmic%t \F]@pv\gpr%ter ar%fﬁg ﬁ%% FIS/SS aﬁ%l?e?h;le% itis
w1tlila\ten@ dfahiegprirdert Onée mlpexe ast primigere aqpitiredy tffem rregdaslyi exphange

sesel%rggeys a@fggﬁﬁr);h%gerél rangmi §s tsgﬁel n}]rl(e%é:té% grqntg' \m dlgltal mk s always

encBPtedisig theiapprogiageseaiondkeprbipitad ink i lliwexrimnsrmtteﬂ p)rtheml@r
di scover whether they know each other. If they don't
knOWPBﬁHhhstdi)&sf‘EEJesmch‘ﬂEﬁy fohevepr privtee rit ldeWerlndaxetbwmuérdD and a
it is to W t, {

pritSy AT S DRCTE 4O B R B guder By Hadt B nafeQd targe bu

finitcC@bradeedapatity GorsRion ey ahdivill fordef a td3siopkéyndred lehs-revemiytused
to_know the pen but doesn't, then it initiates the

basig i ¥5Ke563% pen registrati on pr ocedure If the printer
isn't meant to know the ? the rees Wi, h
bon (EMeRGHRSR GOmES TR FaneRar BEHMFS U8 Reo e PRt Crdvy Hher

thef Mibw @Jch Wk F théy@ntttknow Rhdhi AkeEShdntRe fn@nﬁbr&iefeﬁhin@sl’lwhether it is
procedure. In addition to its ubI|c | D,

suppesad &1 knewahe peny @kns Rt E%cfﬁrafﬁ‘@'@l’ ReRpoaus e w@wbe@%g frahyer who

is rEEMered t@lléothé SRREAEHhk Drinke iNALAREL kRIS pe@bluOdbesn’t, then it
server database at time of manufacture. Duri

initjategithe awamasia per Freisation prasedpiet 4 they yingss s/ ipneagt Priwow the pen,
theﬁ) ft agrggsr w1tkptﬂg 46 iblet il the pANS Plabe ih AehRERg B, kAvHidhQime it

ge regql Sfration server. The server generates a
lnltm@eaﬂglmyOﬁmcedtIWe printer and pen to use, and

securely transmts the session key to the printer. |t
al so In pdditéi tosts pablioBY tef penrontabs @i sseTelklesy-esshapgepkeyd The key-

exclﬂ‘%ng@ IIeg isPAD Sedshiéa eiﬁcmgn%?}:aﬁgx dglelfﬁﬁonp rslex‘%le HatShRE &8 time of

ssion key I nternal exed he pen ID,
malalﬁd:tltrﬁ ding g trsgistiaions ey papt eahsHBS B$ P masﬂ til@ pripfer, agbihe printer

tran[swes H%rf)e? é]? E{ie% %%ﬁ%%%gé%t&%m? gei%veér NHRTSBAL] denerhidd Q%%Qioﬁ)xey for

prim pen can Tnpersonate a
the pﬂnter and iphretops ance@pmh/altanmtsphqﬁeml key tsrihgpréntery kg also fyengmits

cr he ses
& C?ﬂ’yl %qg? 5‘945@1% Y enﬁ'?gt\%fi St lﬁtg Iktgé/ BAr &g S’gé%‘ Eeﬁrag%: P%'nrrpeemfmter sfores the
sesdi@gkat 1ﬁfeﬁ1d],lyA, ijideked I?f thk ipen [ledmd aansums g‘.lhe ancrylp@d s{:ss?oké:dy to the
er re er un e is on
Penaﬁ“‘o%awf% ﬂ!fese‘ﬁ%e‘ Y i gilex ?1%’ ’imtgrlpirfw5 net pagg

user d |strat|onforrs

sser Ao T St e o i o g At g P ot gy
real fen @6iflde@rypete Reslor kKeyannaxiited bynge piieer. The pen uses

secret-key rather than public-key encryption because

of hayibnarevitBSARAeegSored 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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54 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 tosgprint watermarks in its
certificate, which the printer is able to
r?“tQ%Q%H%é&%; ﬂﬁg .yatermark” printing process uses an
al'varha 3| “fatrix in specified "watermark"
regi ons of the page. Back-to-back pages contain

nlrrghgbﬂgﬁgcgﬂﬁﬁﬁgark regi ons which coincide when

prlnte her matrices used in odd and even .
pagesthe iaPageRptRM SPRRPFS fhe dRiIKery @ F‘&H@G‘POPW%'? SoHfk & tigkets and

codpﬂﬁﬁ ThehapsR mihied Glcliaben fichRy (CHid Matedharky, ibavedl only do so on
ogether achi eved by | ooking throu h. t he

reqyeré dom priskishersrgha arp suileply qughoripesd. Zheailisheg w‘p?aﬁ:s "ﬁ&t‘fhP'i‘fY o

prlﬁﬁwa?é{‘ﬁlar‘l@ &l 1§|c§rt1‘ﬁ@z§9 WHRAKh G inddr iOIbldko @itBentitatele Of the
page, and is | ost when the page is copied by normal

meanspye PRGRSnAH SRAHLpHasy 'ﬁﬁ‘é@t & Sienkate BRhe QRited in specified
using the built-in netpage mechani sm descri be

“witernBel¢ tregions Pf thengesy @ackrw cl@mgéw%ltaalbmtf@ﬁw%@ Wﬁi&%ﬁg &gions

whith J&ﬁltcrﬂ?%eﬁﬁ@iﬁ\%d PROLiPL Blaflcs usel G l08d IAE BVBRNHaBesdtermark

typically generated as part of e-conmerce
regiana awadssigeadgo piiduce arciatsrfersarectitreewhancthe srgions are yigsed dogether,

adﬁmw ﬁ%ﬁﬁgﬁ?&%ﬂt %n&ggﬁﬁged when the user registered

on W th the netpage registration

SEr Ve, eﬁ‘gctq s%“iflérggg vJa{én‘lr?:ﬁ'ﬁﬁ R itis PRSI WRSE ﬁbﬁg% Widnly one

a secure netpage docunent e recipient can veri

side bBthe page e tis lostmyxenbshepwuequg:ylnpsn%mam% in the
usual way. The unique ID of a secure docunment is only
val i Pagar oft keutei ﬂMJmmES chnitoh bedespindenting thedbuildumetpage copy

me%}ag{?renn esctrlll;t])% 1rn%regtl 5 @gb%%e q‘hg%gtenc%qg E& lﬁ@t#: Yeek Bn netpage-aware

pre |ct|on by “opport un| gers
phatempiees. docunent verification pen can be devel oped
with built-in feedback on verification failure, to
suppdieture aagumepts iaret typxﬁalkyrgs@ﬂ!t@as pat efgeeomarsrce transactions. They

t.h
canuglé:fe.fcgg a]}i{%l?(% gtp%aﬁer grl}ﬁo{] g}atg &rhidh \%asw@a ﬁﬁ({l%hen”ﬁ{ Jsg}ereglstered

re’in a ptograp
bxo‘ﬁ&ﬁ&enfoMn siithnteynepagasiegigtraios bgverf ds dmribws Seatior 2t o
casual forgery. Online docunent verification, o
par t | Whdnapteyentedi Wwith & venief henavtgb oimcqnaeml the ovipient can verify its
s _ne

dded [ evel aof secur ﬁﬁ but i -
ety hEteabsit B e Ur P b tulfe RE R gl Seument i
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 2
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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55 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 mpossi ble for the payee tagsrepudiate. 4. ELECTRONI C

COMMERCE MODEL 4.1 SECURE ELECTRONI C TRANSACTI ON ( SET)

The E@% m uses the Secure Electronic

S1r anLRTREn ? systemas one of its

syst dpihe 1stppoe FESiGh forsetyb H‘@Vgllﬂ(p‘égarskﬁfe I@Blé‘%égeﬁd’ilﬂﬁ’lyaf?dfoms
hanMe&%nd'a% QJrQﬁEHtE'eagchn@H QH Hﬁtp@@%ﬁﬁ@@%er@@ﬁ dsis tRierofelingodsible for

| ected in thé term nol ogy. However, nmuch of the

nw@ygﬁémwpghMPﬁﬂwygndent of the type of accounts belng

used. Ot her paynent systens may al so be used. In

car dRologaresceaarmensy Biferfizoughee Sysism, df flgforabed dp t3?°F1P'E': ét g also

1mp%ﬁs§lh@fdrtt pgg;ggt@{ Eudiétéued with certificates containing

sighature keys. The certificate authority
verlfles a cardholder's registration details with the

A. cardELgéfﬁfN,@éogmgﬁéprgg@ and verifies a nerchant's
registration details with the acquirer as appropriate.

41571 v SEROSF Eh@‘f*@?@ﬁkﬁ%@k@ﬁ'&ﬁ don-t hei 1 conput ors.
Dur i Agje neteagsaysiem tise thscegure Elacienie Teapelion kda&ysigbas one of
its géﬁ%ﬁ& ?yger SUBETY nAktNERhL | £Rl1Sped vTEKGHSTRrdRR Vlsa 1s organized

and to authenticate 'them both to th
aropahrEment garde wad thissEmeflrgied ndhe tpainglemnHanest: éfdlcb\,PB‘EF gystem is

1nd§p%£{lén¥oﬁﬁé:§§§ agé)ru% ‘Bla gg ﬁﬁﬁ%tﬂér?ﬂ?rﬂ&ﬁ sﬁtenﬁ% als@BElused.

i cat i S CONSI burdensone.” I nteri m

sol ulth# OFF WAL Gler MRl h A ink A &Qslﬂi? G2 KfifRate Qtﬁﬁiorlty and are issued

certifrcdtes on a server an ve the cardhol de
with cetifisates gongainines ﬁmrm:bhavmmp kgt HThg adificatp @é@ggty vgrifies a

C&I‘(%)E?;jell? tsAXe%Eimlt\gt%nl cﬂ:tatlllg %1&%@939@ isSokP tclseﬁg)wf}%a@e nla%ﬁﬁes a merchant’s

I ONn server acts as a pro e net page
reglssﬁron(det&ls vtlthethc aqujmet dse a;)prqmpma@Eltalpihgldgmand merchants store their

sactjons. net t.e
reSI.éeﬁﬁh PHV k 6&1%1& Uﬁe eSre Llén aU 1’ En "%%%%E$091Hgtﬂ{el [%a?mu& process,
thefde catifi@tds hare Sussd wnmmuqmlgnadﬂmwte taheerbluamtr@nd icgrdhgldet, jagd to
ture, consisting of

am}l‘qnﬁ‘éat‘?/tgf’?%ﬂtg‘q%g‘ﬁ pf)yd%engga A%nd pressure. A fingerprint

b OITESEEI’TIh%s Icl:oatl r)]zet een a opteéfI c%ly, ‘?Ol?ecausg;cardholder 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

SHCCESS.

4.2 SET PAYMENTS
In the netpage system the netpage registration server acts as a proxy for the netpage

user (i.c. 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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56 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 bionetric, 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 cgtroll ed environnent, for
exanpl e a bank, where the bionetric can be captured
i il i Gai¢foul ki kst IRk ifpk @Ebiometric
by il B bt G dF ke o lRough B il b TR
used @glysitiects tho napdiere abths biometriskiend theguihprazatigaspects ef dlsr system.
The user's photograph is also optionally captured and
| i nk &the ffiost stap to sergrable PieksBET paymegints|igiorregipterghe psegs bignetric
with R fipact T ‘fsg‘%gngsteggr. ﬂ?kdls tdlaﬁe &%Sééh&bﬁbq eg{/ﬁéﬁ"ﬁ{eﬁt, for example a
S|gn§iu5e ey and certificate are stored in the
bardatvhira sle. bidtheiric sar bescapayaden tthecsamd timsfag tireatseOnidestity issverified.
stored, .giving the.ne e _reql st LN,
i R e S e
Theaserte pliotographrisast dppinnalWheptured endigded enthavecradl.| Khe SET cardholder

iR %) S P B S0P E BIDh fFe we

stofe@ Gl (1| ddtabasaTRI¥ ds&r° & prgmeiitderd infofpativatis gy storad, ghémg the Betpage
and the bionetric _data to the netpage reqgistrati

reBi3 PRl SerReEnEUN, OO (e 8% Fo 51 BIEE (IR U fY ST payment

traf@&f¥ACt to the user identified by the pen ID, and from
then on acts as the user's proxy in conpleting the

SET petydiBhd udef @Bﬁtﬂfﬂyﬁjﬁﬂplié the Hédrﬁﬁ@' B?MMEINES phir@ent, for example
net page systemincludes, a nechani sm for . .
by Fageing A PAMETAREr TP 319 TS RSOGO s Cutsh iy he pen
1D GRETHE Sfhrichic Rtd 13tthdBeth@VrERHati SIORHRIE NthS seRerd@AEathabidmetric
for copying copyright docunents, and pOSSIb|¥ also to
[

withrespept thibe gasridentifisskby bF REUIS dbd figm WSRBASEs ThediEFT eRioxy in

co&ﬁkﬁﬂyﬁﬂﬁEjﬁﬁy%gmgﬁ&&éﬁ&g mat eri al . The | atter depends
on the | evel "of subsidy al ready provided to the user.

When the user registers for e-conmerce, a network
4. FCCOYNERbPAGMERRS | Shed which aggregates

m Cr Qs pa nts.. The.,user .r ive . t
. t th "

regul P R st RS & ofefftl B Aihd BHATRA 1oMlof the user o
be balvariagly¢hirpgl fohgrising holacat gaymens omdsotaadh aghfior Fipging copyright

net wor kK .accaunt ,can ext ended ,t o _agare e . .
oty SO el BB e SRR e XefER Hrcerpenses ingumred in
priftingeHvérsenddfatpriA SEis iatr tepeidsonuisdevel of subedyf adreadyofrovided to the

i ndi vi dual statenments. 4.4 TRANSACTI ONS When a user

US-equests a netpage in a particular application
context, the appl.ication is able to enbed a. . .
s er “QSCHF NECHTPEHER DY BROTESS 3 PEOVHE Joagal is esablished which
agoPbPAfes Gl@ B baynitats! TRIUsOUGER el € sia@@ent on a regular basis, 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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NPS096- SG 57 is tagged with the transaction I D, 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
invol ves adding itens from&y pre-printed catal og page
to the user's virtual "shopping cart”. To protect the
is th3Ed with BlelMAGKionNPVEM R he agpliSatidR istbGetiSBle th RtAfisKQOMWDropriate
t0 the netpage sysftemis preferably not divulged to
conggrpfor dwtusasrsdnpubhi s is to prevent different application
providers from easily correlating independent|y
accuriiheat sgub et Srreishdatrage Trhichnét pelgaser-erfeidicr eyt the
ap %@{t%ﬁrmﬁ@ e TREOLAHDS ARG B AR 4 Shildk ORSDHiPal example
Fhet ween a user and an application via a unique alias
invbIResGiiding stemb Gam ai pme-Piinged eatdda pagi toribe eser’s vinwal fskapping cart”. To
ciipvates a. r) i ' " ' " torm i
ot e PAYP SabplhE ARGtk et o o0Taph Pl B Hefilee syoem s
prefeeplystiat diviutpad seappbicativns. Thianstogtreyenttiiffaes epilimetéu providers from
lication I D.6 t oge L th he pen ID 61, into
casiBogtefi fidepshacily ol LR eviohy b DET. | Pt o' The
hyperlink' s appl.ication. The applicati o ' [ . .
o ot dhe iR P TR By R e i gy DRy Jeponstip
betwednrd @xCands@rapplxadod vie ashmiie alias fID6Gpdsi showmint Figure 24. Whenever

know edge of the gl obal .jdentity of,t user. . The
the 30 ST AR R I SR it AR pelertl ARB R BF oepdiage sorver
askp Fe\tRipRgeSiicGiNpdtioh Serk@\to fraxislaihb agbcistedigiplicaion ID 64, together with

applications, to allowjt tqQ sign applicatjon.. ., _
theﬁ’g‘gﬁ% ﬂ‘}t%ﬂgalﬁﬁﬁ%gﬁéﬁ aﬁqs [{)H%t?lﬂg%lpmﬁ‘%g itchige b}f,ﬂeg}mk s application.

application-specifi¢ infornmation. To assi st t syste

e ol g sp e et Spdgeryee) iy RRRY it 1 35 e 10
retr b L¥RAEHQITR statd 1Bformtmh Mhb@daAsWIBdg df eheQidbhEidentity of the user.

application on behalf of the user for any nunber of

produtt sjy¥d@also naakdinsdiPinidpdidetcertiica® e ipfiv el sighdtire &y for
appl i cat1on_provider, and the s%sten1nain1ains

cach 06 8 4Hr SRPUSGHESt OGHIOWAEYR S APPRHPTRSFRoF R behplf of the user

usi@% de®adplicdiion SpeMictin@ashtidgbi t the provider for
click-through fees etc. An application provider can be

a publyigshannddysesrih Q&Htiﬁg lproa oaF ¢dae QUBOIThpdrlinkT ietivations, the

systemrecords the user's willingness to recejve,the
systeipgeeardsav stimanphigatiop Ao behattpbthe uges fqrizay mé'&‘i?ée{ Repduct types.

frequency of publication. 4,5 RESOJRCE DESCRIPTI&AE

AND EerRpEistiion pY @fserinied Withoadi ARPNEAtOP BroYidgofRgetie system

maflB5fs ah REdBR dnl RASE S ABK APlibation PRWRCE Ro @it & créflt and debit the
provider for click-through fees etc.

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

expected frequency of publication.

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

4{.
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NPS096- SG 58 Each docunent and content object may be
descri bed by one or nore resource descriptions 842.
Resource descriptions preferably use the Dublin Core
net adata el ement set, which is designed to facilitate
di scovery of electronic resources. Dublin Core
metadata conforns to the Wrld Wde Wb Consortium
(WBC) Resource Descriptionsgramework (RDF). O her

net adata el enent sets nmay be used. A resource

desc ESI (th Idocu{nn&yandd %bf Xté]a%tglgéys bg qgééﬁﬁecd 9; Qne -Ep @nore resource

net page system  au transters copyri fees
desérrlmmm&@r Resburcc dgshtlglohs bd&rdﬂw\dmnhm@etﬂm Gnre meta ata element set,

Wh'&@ ﬁ%’&ﬁﬁ%fll% @Clﬂra %1(5‘\00'\!8(&?:('?\%1)% g‘gﬁyrﬁ:qgr?dﬁ ered exc gﬁr S Metpdata

confR@mS ag abe h‘&trldeWide 8rbi Comsrtiuln(W3e) Rebpag eDezsgrsitlemFramework
tities suc ens rlnters and servers utilize a
(R@St&&i?‘meﬁ"éﬂfqaﬁ@@e &8{;31% 899 cooperati vel y handl e user
interaction with the net s p to
i 11 udt FEPYER S HBYP H ey @Ergﬁ%r{{é‘¥sdﬁ?%}g?%m Pn&g |H%F?a%€%1§y5tem
autdidticZIB Ak ferstlop it f28s from WSl td ightslpdesewhenBars aget copyright
flow and the vertical dinension is used to represent
confefite. Each entity is represented by a rectangle

containing the nane of the entity and a verti cal

colu representFp the lifeline of the entity. During
5. t he COMMUNICAZIONS )?%JQFQ'& the lifeline is shown as a
dashéd commenicaions prgtacpledefings anrpréaied exchprgezeft mgssages fhetween

entltllesf &l Itﬂ]ﬁenétga ?Qggeh?,e tifted S}égla‘g r{)ehé inteREGRAUSE et Gtilize a set of

pr otoco ere reate or destr oy
defmﬂd protoesls tol dobeirativels hamdde usglem@reatlmywtluthe géipage systeny oo n
as an enti ty ceases to partl Ci pat e in pr ot ocol .
SUBSERthHEIFb@bI%LIIuVE@d PREROS0L S@ﬁluplcefd@gra@tjme‘ﬁ*b@mhﬁélﬁﬂmntal

chm&gsmn 1Ssl{1§es o n%"e %Hrlgg %o MdOhOS jcedi %1:@4?)9% id Beelrt kP HpFesent

Ser S may SUubSCrI
t1m¢16?abloehm3ais rﬂ:lndi}sbmte(hb)r &)rectaﬁgc bousieing the naule of ha enfﬁy apyba vertical

COlllgﬁllh?eglg E%Wﬁ%w elgel? gn«%‘ ! %eu% 1tyn%1u¥1{1§ﬁ}%rtﬁ'% S}d%nttllt)p&gstw&e lifeline is

sho@zb J 2@ @tdashed lige. Dubiag thepirhom eleity isewctivep ﬂmtlddmle i ﬁ@wefas raelouble
iver docu nt str S to | dIVd t

i g5 RecHECouD G Byl L Ry e Sl BN B i Bffipey are

genBMIIY b adrt as Ebéh RRPkhtitAtdasss té pardcipgitiinla Béreco). fl r St
obtains a document ID 51 for each docunent froman |ID
server 12. It then sends each docunent structure,
5.1i ncl MBsgalbtieNMElumPRofbcmld page descriptions, to

t h € &algﬁe dfl&n{ ﬁ%ﬁg&%hm‘{ﬁ dfemerjt ﬁ%tog&qyé'ﬁ%ﬁfh iSFigure 43.
ocate 8

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

multicast.

The application (i.e. publisher) first obtains a document ID 51 for each document
from an ID server 12. It then sends each document structure, including its document ID and
page descriptions, to the page server 10 responsible for the document’s newly allocated ID. it

includes its own application ID 64, the subscriber’s alias ID 65, and the relevant set of
NPS096-SG



includes its own application ID 64, the subscriber's
alias I D 65, and the relevant set of NPS096-SG 59
mul ti cast channel nanes. It signs the nessage using
its private signature key. The page server uses the
application ID and alias IDto obtain fromthe
registration server the corresponding user |ID 60, the
user's selected printer 1D$2 (which may be explicitly
selected for the application, or may be the user's

muqﬁ 1s8Ulah Qli) hidsef: ll nsqggmgﬂgge%@ﬂ,lg Htgﬁtg\&s%rktz atufeBleli ficate.

e app Ication'S certificate al e page server
to V%E BXge s@ﬁe%@ssﬁg% ;ﬁicgﬁ@tlﬁrﬁd alla-m @Qﬂﬁnﬁﬁ&ﬂ e régistration
request Tt the registration server
sereep fieicomespomlingDiserd @) thagsard Sdefneft prmm @éﬁﬁ éwhlpld@nx be gxphcitly
S tlon T g Ve o] 1

selea‘%?: uf% tl?e gprP dlcaﬁg)geoxl' nlpnga g)%cgne | ﬁﬁ(:fngg prn?tlall grﬂlhﬁlé a 1cat10n ]
certifgater i pti ons, including page I1Ds 50, to the prlnter

It includes the relevant set of multicast channe

nameghé applibhtﬁ)nbrdeﬂtfeate tabows tht pagetservel to vehiyrthe messagessignature.
Thef legca ?egvvgiré f< qugsg %oatsag xdeé ?cin:]seeq%grt f%lls 122& %gﬁlcht?o%tlb Wd fal?a[s ID don’t
togﬁh@ﬁddnbfytaeﬂb@hbtmfsos.he doc urrent structures to the

subscri bers' selected printers via the rel evant page

ser vahs paget serdt thet albcates Rlocunsent amsp@a bmsmnse Iﬂﬁs artdh[brwards the

ared. obj.ects on t rev ous
pagg H%ﬁqﬂ%tllogs 1@*%%?5%@ @rt pI? tge by eﬁartt %‘ngltlcast
chaddtD hadsiféitBe Prttdrit€ BSdén t@hannel s and r ecel ve their
requi red content objects. They are then able to

populitahd rbths fHeaiwBUSlbyatdiGiapd IERSS thd applivetivn o4 futied tefetsice.
This allows the page servers to add conplete
docuimagd Shd appltisn das abasksed andof thealdbaivent Beuctures to the

printers t rint. t docunent s. 2 HYPER
Sub RS TR PRESPEE B GG R § QT G VArous subsets of

the BNAREI dbijddk of @itd prévidON sPEQ@EDEDticdsScha@INBLM phicdirvers4hd printers
When a user clicks on a_netpage th a_.netpa

e
moRifos theaRprepmaismptisgstehapppls gndjregeive theinrpquing S0 'ﬁ%‘i‘b%@’ are

therp hblats rpoﬁ@llte tﬂ" %ré%idu§]§ Tﬁoﬂﬁ‘é’é&ﬂ ddcamedth@rupaee. el aﬁows the page
| ocati on on rinter already knows

serves ‘Gladéfcomﬂléterf@ﬁ“m"rn&ﬁotth@f 5@@%;(1%& .a%?wspﬁhapsatsws © T’H%t the

docRhbt er determines, via the DNS, the network address
of the page server 10a handling the particul ar page
I D 50. The address may already be in its cache if the

5.2user tmaﬁaumeﬁeﬂmfom pkefésdied Wi th the sane page. The
prln er

0 t
e R ot i PRl B i o

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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The page server | oads the page description 5

identified by the page ID and NPS096-SG 60

determi nes which input elenment's zone 58, if any, the

click lies in. Assum ng the relevant input elenment is

a hyperlink el ement 844, the page server then obtains

the associ ated application ID 64 and |link 1D 54, and

determ nes, via the DNS, thhg network address of the

application server hosting the application 71. The
detdtAthEs whicy %Pu%?e%?en{ pfon@ gﬁ‘ 11' HyOde b l@ckqp.g & Asdubfing the relevant input

correspondrng user fromthe registration server
elenieht isamigpediinclaneng 6&4,@@ Iaigg serbralthep obiaing ke ds5qsistadiapRlication ID
o4 9 R e R e 0ndt YA R s MR R RSN i cpfiftaicf v
MBmhﬁhehmbeﬁbnﬁk request records the IDs of the

requesting user and printer, and identifies the

c I | C Irhdpagb yoeerlusesktheé pemtBrfdgo 8Bi2in tiherpespyedisg psee D 6h&am the

reglgtﬁaam{l ﬁeévelr 1%@11‘:1%1 ep 81??%’:33 3 5 oPalfef ot qg(y Rﬁ)f.h IR %eq%?sq H§§£ andI ddilds 2

hyppiiiakl ue@ﬁstamﬂeib@mspermﬁcwqmt chex duaghamgmt ghown in Flgure 44, The

hypngg# Ire%ﬁ%sg%g?rggg&lb% Pf tl'\ﬁ re%',lfsh{l% g%r 9 bdt aﬁnr‘gsx’- .'gl %e%lﬁ Prrgsncgu tl,l%ked

hypbﬂliﬁk uﬁﬁﬁ@ 85I MRIpatORreE PO E&lﬂ:bitﬁovfrms’er\teh H) dmahmpbz’hﬁk request
together with the requesting page

I ted | D
H)§%I@%F§%EVBﬁﬁﬁ@pWﬁEmhyperI|nk request ID The second

age_server sends the hyperlink request
gpgl i B, epRilgation ferad‘{craseaf% gpse %ﬁ@f&efg @F?Pé?m% & 35?‘%& tionpspgeific
1ogie Odnd SHRARG! d¥Qurki@ ID P fidftaniiD ®ief 11. [k fhen se‘ﬁhethfeldb&tment to the
page server rejects the request lfzége Qy h th
page éan'é%tl Oty a%spela@ﬁal? der B dosumght sanqyyly rallegats Efﬁp 088‘ ¥ gifh the
reqmgﬁﬁ%é;{éﬂfepaﬁﬁa&ﬁhé/wpemnk%qa&seﬁ) document instance and

page returns the newly allocated page IDs to

the g H@&eb&ﬁtﬂagtﬂser@g ckadd e h%%ﬂmk%cﬁeﬁ o0 U@ atplitadioh IS thtWSl first
dat abase finally sen t he page de§0r| tions

page BrIvar deyeltiain ﬂwgomﬁpﬂledélrg usyHY WIRQPIGI 6%t SR BAgasY o Tejcts
the IJ&GJ:SPQL ShetyPB AR RGed hal EMI@E! i R aldPraént applicfdnch case

first "page server includes the transaction ID in

t he ThS Sékdid ?&@tsextvgr diReataPRIchGat ihncd Bhd pagdIDOWS, fefifns the

application to establish a transaction-specific
newdppiassied page [Phto thy penticatior, ads thpomelste ‘IOFmP‘H’é thigy) fatgbase,

and HRAMY %ﬁé’s il %ﬂ%@ Bes@xll]%tﬁags td thEreqhdsting finte®S requi red”

attribute 1s set n the first page server sends

bOt h TBQ ﬁ)ép%ﬁﬂ]kllgta%le g idchRe Qmﬁllngfﬂktr&sﬁﬁﬁh o3t ANwhibh case

regl stration server to obtain not j ust
the tfm pmserweombmiese@p traasastipnt [D) mﬁbe pessagerepute thy arplicgtion. This

allo%lﬁ Ithaesaglghcaﬁ%x 59 terllﬁi%ﬁ) ? ﬂgﬂsg&l h%pécpf‘c c%ﬂl@l&ﬂ fﬁlallhb Ryr})e}lgk%&@atmn

I nc IDin the nessage

sent %fttﬁe grh%ﬁ Péqluﬁ-gstd ?r alﬂL ll%“t&glll%mqlﬂgm’ bt htag sét Ghen the

esta a user-specirtic cont ext
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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t he hyperlink activation. 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 netpage
printer. The stroke identifies the page and a path on
the page. The printer forwards the pen ID 61, its own
printer 1D 62, the page |1 Dgp0 and stroke path to the
page server 10 in the usual way. The page server | oads

t he rd b j ified by the page ID and

5.3 det eﬁ?ﬁgﬁgg“?@%&#ﬁeﬂ&@ %’ig%ﬁ}gr?{"' s, zone 58, if any, the
st r oR&eR pesr depr @ strokesiird BRPAEHEID 8 |n6f9%ﬁ?tpen=it€*r-‘ptaﬁ" communicates

the t& B the hedredt defibe priddirdTR &8 okd iGutiPA0Re HE WRT a FHAIPENES page.

e stroke to the text field s digital ink. After a
per i egk QindrR&Ghidy 'tﬂeﬁaeh D NG tsZMnSriafer Ih 62, iRdagd irebdland stroke
t he page server sends the pen |ID and the pending
pathgip thekpege terver HeintegpissalMgyi on server 11 for
interpretation. The registration server_identifies
t he ke mpagsorares dorsi thy Rage tdetoripéen SaMentifisd vt Hie prgeDsand
i 41%15&% b g, AN hheBadKd RetBLtErAREREing MR relevant
(kmgﬁﬁgﬁggﬁgggﬁ%n Written textﬂﬁcﬁbe It ﬁas converT%d the.
inpus teleplentsis dext dighd, 878hibe pegyi sstvemtiperis ke sroke focthe faxt figlfs digital
. text to the requesting page server. The page server
‘appends the text to the text value of the text field.
5.4 Y ek OLLi RS FhUPaBOsdri2e sdnBOME
oi oraNT (RHRE oL BRI R B AR TR0 e oL pen
ID sidghatpemding stekes ®8B¢ regidmtipmaspaves di ier intdpraipiemn dde tr¢gastration
str.oke_t o the signatur ield s digital.dRk. )
ser e ket | SRR 16 o et fid Raes, P Gloulaed
handivietingy, médeb 83 2aig einteprat dre strekdsis harwkwrittem tekD (Bge Hids cdnmerted the

endi n trokes.to the reqistration server r
s (RE 4R TR g TSR ERee STk Tleghs sRiey The poee
servaS&Peidd tiedeitid the tehevaherafteftexicldh t he signature field
Is part, as well as the formID 56 and the current

data content of the form The registration server
5.41 denSichiatsRe VERIFICAHON PaoTes@ondi ng to t he pen, and

us e?@%éﬂﬁxiﬁgﬁﬁé inputQYRRM Wheib GRRW Srokd RS a&gaﬁlﬁ_ field 880,
verity thie strokes as the user's signature. ce it

the pags sereerilP iaprendsibe siraknta the sgnatwe figldgidiitalbipkon ser ver
uses the application ID 64 and user ID 60 to identify
the Afera perwgof insgliviyrin gseong plcthp pigvaiyre feld; Bis ppgsy tervel sends

the EF?MD ditandl h’%&en{l{ﬁlggss?rg)ﬁé 5 8% st IBRELALL 1 Profl@ifiction, It also sends

ghature o _ rmdata,” and returns the digital
the sjginattonB éassohiated exjlhetbe fomg qf adéchgbe yigtaturg field dnprat, as well as

the fo%vlggé'a%ﬁiﬂ%n&r}eﬁkeda@ Ghtef ofs eg);%%uf& re%i&ra'ﬁ&? s G TRhHA& the
I'el'd and sets the associated forms status to frozen.
user corresponding to the pen, and uses the user’s dynamic signature biomeiric 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 users’ signatures.
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The digital signature includes the alias ID 65 of the
corresponding user. This allows a single formto
capture nmultiple users' signatures. NPS096-SG 62 5.5
FORM SUBM SSI ON PROTOCOL A preferred enbodi nent of a
form subm ssion protocol is shown in Figure 46. Form
subm ssion occurs via a formhyperlink activation. It
thus follows the protocol gpefined in Section 5.2,
with some formspecific additions. In the case of a

%or mﬁb\éﬁlegdéwﬁé‘sioﬁla .I:%&ﬁ_rl i nk activation rressage sent

age server he aggllcatlo 71 .a

cont a‘”rPfg fefrpderpbadimente O%berﬁsé BFFEALES e 1R Efepie 46

of the faorm If the formcontains an

fi el dirm syhaHssioReoespYip 8 PP vBh reldeuk i %‘ﬁ{%’;‘% the protocel
deffeh srPGdclidtos 3 Nﬁth%bma&nhfap&%@@a%h@t ed with the

cor r espondi ng digital signature and obtaining the

corrgg fﬁ'ﬁ:ﬂﬂbé"&f LRk N E}béfﬁﬁl@ t}fer%ﬂdﬂe adtiREHicht rﬁ@tdg@ Rerfs & (&S page

11. 5.6 COWM SSI ON PAYNMENT Fre erre
seregri 8 g ﬁié Aeplisption 7d gifricerpighthp AR Osne thseprrent éaté AUt of the
forhn 1@ Ybn 4dntaind Qnﬁﬁg&’hﬁ@'ﬁ% Ce Me 5@[1{:@16{1 veifif@Seadi@ne by

comm ssions may bé payable from an ication
extpacting tHe plias gD 45 pssbxtmtgwrth & cetrfssekndtmﬁrcbg}g'*h gignature and obtaining the
cor&Jsﬁ%%ﬁlgtc&%ﬁ&t@ﬂgn Rl ESstralfOMW-RFE NS on fees and

co s§ions on conm ssions may al so be payable from

the publisher to the provider of the printer. The

6hyperddnh’hlﬁsés@ﬂ!*ﬁ%mﬁ@ﬁ&dc%wsed to route a fee or

conmi Ssi
pr ovfd%rle%‘?ﬁ e’?@dﬁﬂe“ﬁ%&;&?ﬁmliSlo("éjgi“ﬁ%]?g%borc%@S Sahf)) DI i g -
prOV|der 70b and fromt
Bppl 1401 SAPASS SFOTBL 5 W BPREERo g, PERRAGE fom an
applR&idndr@der &P hattiglidr oh chﬂﬁmtdngls; trhl&achippsemdl siales r(@mmasmons on
ID fromthe page server

focp AR OTHIEFPS OB Aom AL EGE B e TaelR g e AghS eymrgyider
of th@pa@kr, appl i cation needs to credit the source
application provider, it sends the application

pr O\é [ ’ﬂﬁ rhyﬁérﬁﬂd feqhicdt 1he2 1@&%@ It(n ﬁiutepa’i% OB @bimilssion gﬁaﬁh dtom the
wth the

erlink request é $ erver uses .
targes @pﬂ%@q prﬁklderr ’g)&dégt mpﬁh:lmé) fod B SPYr {}eg fl 10%%)8 pRravider (ie.
puBRRL, GRS O theRBEcSHASLA Brodidaciob t®ihe bAntklRovi@dr ez ant

registration server 11 together with the source

appl igth@f dpPliGfion kdcSiveMhe hOprRik tebiRBID &oth hb Qjage server 10
hyperlink request ID. The r;glstratlon servgr cred

whpmﬁleéwmr@ﬂw et AefivalsH 4sgrcribrt P 3565 fet-2-sW Bnd c el @pphation

nedds t?aln%fﬂt fh@tsb&rhe,e%pﬁlpﬁloﬁ%m%déﬁtli QRIS ¥pIRktion! provid® credit to the
appl 1cation provider needs to credit the printer

origing\pagkeservef toggqudgthttmeh}wpqhﬁk gaquest 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 1D to identify the printer, and sends the credit on to the
relevant registration server together with the printer ID. The registration server credits the
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provider credit to the original page server together
with the hyperlink request ID. The page server uses
the hyperlink request IDto identify the printer, and
sends the credit on to the relevant registration
server together with the printer ID. The registration
server credits the NPS096-SG 63 corresponding
printer provider account 8%4. The source application
provider is optionally notified of the identity of the

target application proyvjder, and the printer provider
00”8?9"?%@5 li’ftf@‘i[ftpr‘i"ii“e‘b?""?‘ﬁ%gg‘%ur ce application provider.

6. NETPAGE PEN DESCR| PTI ON 6 1 -
Co FuuegmRlias: Perieos oo gl R B Y e

appli&itied prociderNatiakieprintet Plovidendfl thididentity sfabesionge dfjlication phreider.
formof a plastics noul ding having walls 103 defining
an interior space 104 for nounting the pen

6. conpNReNGE PENREgRRIPTIOND 105 is in operation rotatably
nmount ed at one end 106 of the housing 102. A

8.41Sem ptf mirepAGest cover 107 is secured to the opposite

end 108 of .t housi T ef..; '
o, TR Rl e bl 5 i
101"t Rbdsal housingn tlen theofemnatflagldsties madding bavitigewalls HE3 defining an

. Status of the LED mounted within the hgusin
inteBFoE 1 SO R DR PR PP TP AT ot B EE Lo
mofkddr 2 Whélend s embe AOARiIn@f102.he skibiasdnsgreh0 2ovan tl7ais secured to the

pr.ojectin ortion 110 which projects b fromthe
opphitesnd 8 ot Hhohasnige 197 Jhaper HTHS BT poagiita i R 1 fopmec
froth QEMEGankfhrdnh natédlal 1 d:Aer &f erlable thbhassiteFieOthe statusaati the LED
antenna 112 is mounted behi nd the projecti g ortign .
mouptg, WKl FEHOLE RO LIS GHorL3 el et ecld? g subintialy
surrditds INANGs R aRPRSubing €07l Adn PRdjdchif: fGT 1 100Whie Projects back
arranged to receive a netal end glece 114, inc

£ . ) . di
frore Srermeimpritl W ind Epseithimn? exqepspordine siph Bl 1fatmgd ig g Wﬂﬁ? Lot the
hou%{f. 108 A SRV ARinGa 1 92 RNARINSd Bikin@ 3hd proftBithe! RPERCEIVEWthin the
\'so nounted within the cover 107 is a tri-color
housingfl 0% SciEm thregisod 3 surquadinpemanertpre 1BANthE eavRial 07 12pe préanged
L 0 if R edpbhding BSevs Hilads 119-Pnd hftal end
tor?%ﬁ%gﬁ%%@gﬁggﬁ?%e ’fop 0 thgiéeﬁn%01efor good e
pieal 114 &renerdblgitsériableiinkcartriige repdapemant- oper ate both as a
normal marking ink pen and as a non-narkina‘stylus.
An i Allsopemnicd mithindhrecovegl 07jis #trivpdlorstatnsd&d Bl 6y flpx PEFOL17.
' U510 j L) 916 ol at th
The%ltée%ﬁ%h% lg élsq hlgmgtéﬁrﬁ{grg ﬂtg% gﬁ?ﬁlg 7’211%? Falta%jége ni b 1119 or e
top bhihe peny100 Sorrgobd diRdrowmbvigikilitybr ought forward t hr ough
open end 122 of the netal end piece 114, by rotation
of t Wbe pawrvat operaté 06th aRe apwoil marking inkipen 49 98 k sommarkipggtylus.

An %%gaer? Ea?‘tr{&geuﬂ%ewqthtn?b ‘i fbeanid g%tyﬁg rI% {vﬁjcﬁ’ ?tyﬂ:l} §ib6159' m%tnyduhll%d side by

side within the housing 102. Either the ink cartridge nib 119 or the stylus nib 121 can be

brought forward through open end 122 of the metal end piece 114, by rotation of the pen top
105. Respective slider blocks 123 and 124 are mounted to the ink cartridge 118 and stylus 120,
respectively. A rotatable cam barrel 125 is secured to the pen top 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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respectively. A rotatable cambarrel 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 formof a slot wthin the walls 181 of the cam

barrel. Camfollowers 127 and 128 projecting from

slider blocks 123 and 124 fit wthin the cam sl ot

126. On rotation of the camggoarrel 125, the slider

NPS096- SG 64 bI ocks 123 or 124 nove relative to each

ro t e I ' :

oioflsy 2 g TR R e e G oS B iResplsdickd tuPhersih | KE ot ni
1211 dét. thibhgh prerhold 122hiasthe hroed esd pices 1 6k Th@mell a1 bas. thRy states of

t th th th
°p§¥t512e€39%‘%§g ﬁ’%f)";vflggt gh ghgt Qhe ﬁ’ Stafes %c ar tr ?ledge

118 g? ﬁég @’ q[nd Nelther |nk cartrl dge 118 nib

* 119 OB L’% FO85 120 nib 121 out. A second flex PCB
129, i s moun n el ectronics chassis 130 which

* sits e elﬁg %ﬁéggwnﬂ‘dlw The second flex PCB 129

mount s. an |nfrare 1for ng,.i nfrared
* radi Atk HRFRrHIgs; égflg&i 8'!‘&"8r ?L? %gzé Ekn irrage
sensor 132 |s)xl]|prov#ded unted o the

129 forecptils %15 Ig(&ll qnag; electroniess c?}g%{osnlﬂg whlci(l Sits w1th1n

theHOGSIRE 2. T&ﬁga&ﬁﬂ%ﬁ pPCBenY Rfcbnts 42 thfiated @.BID1E S IﬁO\hdidg tnfrared
frequency, chip 133, which incl udes aH F tra %d th
radigign fer Preje@iopenio th sUriage c AR IRRAS PSOE ?gfﬁ%f&‘f mouried on the

sec{%{i’&'héﬂv@ '199 RRSER IR NeBct BRtiARA Fbthlthe mf@ptwmse@h@ «ﬂkx PCB
5 (formed from noul ded cl ear Fl'dastms) Sits Wlt

124 Hao Bowesa i (RPTEY i Ciiswhiah 108 R @ TSR B geeeiver,

an@é'&gn%ﬁer%mg 1BR G INEDIINTRYE R Vel 138 10 MG pES HIEk 138 Formed
Power supply wires 136 connect the conponents on the

fromemoidedfaleax plP@BSHSZtQ withinghe e@ey | Yormd Reyects grin{ipred Reagy gnto the
surPRE LS gecgﬂrésmtnﬁ%és RGito HE m]z%@ IsERbr 15239 Povert sﬁﬁ;ﬂ% l(iﬁijes i—f@connect the

connects to battery contacts 137 and
compmegls orl 6 seotnd {1k BB 37 to hatierki apfecibldd egh ase 9101119@51 within the

can% %%el%% 'R {éﬁr{unﬁ I%@%@&E gjlthé'gaﬁte o‘ﬁﬂ&ts 344 antdf tﬁ@cahh@arrel 125. A

acts argl ng coil
thremvrit eohmalnlt: battvey $1§b&md~1ﬂ1lrrebhe P@B bazd 125 i ﬁ@[’é&% Wlth the battery

cmg%c h%r q?cr (9 Il pgT 1% s n]fgh {e‘ﬁ'aﬁoﬁt@lgeuscé&dngglex EE% 1]?491 éo enable

Iso mount's an infrare )
recamgmg nf tha rbenbrp 2t vidlinddesioh4Bhef sspond dler ECBNIGY diss ploanie pe infrared

LEH:]eLItB Paﬁﬂ cl:n%gﬁ%%hraté)gm%i 244:%')1@ g%tec n{%l;laée %ntS &%éj&n} grep 125 when

g, 1nor
eitktnabd etylus DOt @ theniak ic@nmdgfe Ilhelsflmeméorbwrm@ dppirdep do teuable a

t he surf 19 or stylus n
SR G5 S EATRER L I GHTF P K ThLER sy 6 121
ThY IR ph&bdiaRt 108 Fetctiolight Hiowthe IDLRDAE3 vanefidersinbdiown) mounted
bl ocks 123 and i24 Rubber grip pads 141 and 142 are
on feglifladlpckoltdrdd 14he end 108 of the housing 102

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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to assist gripping the pen, and top 105 al so incl udes
a clip 142 for clipping the pen to a pocket. 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 fromthegsearest |ocation tag, and
is arranged to cal culate NPS096-SG 65 the distance
the ﬁ{s%aB&eof?lgeg] ?Qél 811843 tﬁ@f&%ﬁﬁ tElb%ﬁ’iElh pﬁc@@ﬁ*’éﬂdl c'oﬁthﬂﬁr chip
ard controfl he controller
134¢ ltha canBallgahipul 3dtekultse tlarqr@mamn @frth@pert #d thepibdprtpgtdigtance
L.stanc pective distortion
rro s e SRR St AL BRI Gt 2% fom L he
| oca on t Iud cont. [ [ ! e
pen FOfny g9 g3RY ok Poatwp?a na%s.ﬁ@*édeﬁcfé%l EE LR b o
actil e tits omlvmda” den lihist isiin (fx_idt ame nkeide ofhe wheaddr L ddmewhich
becgiﬁ!%[slt )9%“8%/ f f,ipe( H%'? Eﬁteg'ﬁlij‘g%’ m | rtgonﬂ c}apa th%fg{: tra%a tgeﬂtlgbemg
ima@éSia ap “ac'il'hélﬁrea : Tl'ﬁglao'ﬂglﬁnort the sm'ﬁarcé abizh whiresponds to the active area
corresponds. to the actiyve ar button o
of aipises bRy e berEotrade pgNER S LED. frbe SRRl of g ppyvisua
feedﬂa@k the€the Bhittdn® HPHiMK 8 Wdlive &mdbapdﬁ 1toh glssthevebitt Cattrol data
hyperlink is active when the n 10 I@gs es over

may lso GIHPFGNe AER 1 SIS SPRBUPHRTLBC T S CHBEBR the

suraQMNvhiBl SdtestBs fo0f GghafuPRMbMGSea chh US ertoll Qb QEptAY8 chrlti@uous pen
surface which corresponds to a signature input area

forggan be encoded to capture continuous pen force. Pen
action relative to the surface npy conprise. a seri

of sPphichien relative foihe syrEiqe may sompyfse 3 sgréea Qgﬁ%esofﬁx stroke consists

of 4 éeﬂﬁenﬁé MRRE stREPedPRR Ipbliffs PANthd BRfa8s)likiBSEd by Pntdodnaslent and
pen- down event an conpl eted by a subsequent

con;véqﬁedﬂw abaequenyper-up [Frant. i thet b Toreh cabbs intsaprpied fekiive o a
thre(rsﬁ(ll@tté Y:ﬁlc'él@ v@hetﬁep kRSHal id “E}? bindiohat e sWnet fekeideBieRRAed as a

as wel as belng |nterﬁﬁeted as a
cont;mmus nalm,u £or\¢a¢m[ée wheyy the R%mip R2PtEHIEE Sighaiugse fhg s¢quence of captured

stro%?soéoﬁgﬂt&gs & &hg{]%%{aﬁlnkqltﬁﬁéag ﬂﬂ(eﬂaﬁ Be gged%@lt al"c.ro‘?@utmg slystem to

es constitut SO-ca gital ink"
form he tegin fdy¢haudigith] wichinga of dvapingg n@d lsa}aéwretma for Ofn!;mwe@%lmon of

hanﬁw? gf?v%, gu?cf fo J;he%\rge' \Q:h%@zltmﬁ %E8 gﬁ of draw ngs and

iner ognltlon of handmwltlng,

and ﬁmﬁg tﬂe 301'11 éﬁ‘ Elftlaffnlte?lﬂajjgz tt%h %Qlﬂ M & trah@nln{ thé 'dikgtal ink

t he enna en 101 can

datd (vebishis bnct’;lp@ddblgsemalty amkpaclghgedfof vmcit;ht tragsreisgien) be g computing
security and packaged for efficient transm ssion) to
sYsSERe computing system Wen the pen is in range of a

' ecelv&\/her thet {)]een ig Iuglratm%la of g%’ec%lavtel% thesdi%ﬁaﬁqmglt!l ?sdtraQEmittted 128 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.
Figure 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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formed. Wen the pen 101 noves 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 m nutes of the pen
notion on the surface) and can be transmtted | ater.
The controller chip 134 is nounted on the second fl ex
PCB 129 in the pen 101. Figgure 10 is a bl ock di agram
illustrating in nore detail the architecture of the

134. Figure 10 al so shows
-m“%%akgﬁgﬁ?ggﬁgkg'of the RF chip 133, the inmage sensor

132, I t
132, 4085] G0, SUTMBL R 0L 15 s 46
the exrhangdRS096 b@@eﬁﬁconfpomm@ o @mntrgihoplunl il 3 Elagly pempyd 47 and a
p n 4
5 IZpEQC]égé%{ (I)Jig gre 91& Alge %ﬂégo%st{)% exc‘L g\%]rge(llé nlg is arranged to
conbet mee;ralccgslrgnarfem the ddrcd MSom ohdtodibdedr4 Gha ¢igited algnaflll as h
menory 147 and a 512 KB DRAM 148 are al so incl uded.
An analimggd @nghi gittrﬁdce @ 6t ingarfaces WillDthe Smagersemge tB2. @ transceiver

j om t.he .f or I .
conﬁ'ﬂlgelrga SECEEBfSE do ict gqgﬁa e a'iso 1ncl edt m?efq'fﬁlg% gvﬁg é}hes%li chip 133
whitin tiedlifdac an ﬁchrd&iteISSaﬁldSRlV\nrésbnattdire andrﬁlghactsanwr cchBtedMo the
transcei ver controller 153 and base band circuit 154

antepng 13- 5o i nel uded to interface with the RF chip 133
whi ch, i ncl uges an RF rcuit 1 a RF re tors and
e e PR e 49 cfirt 0 dAE o] 3 Fh Res 0 the
surfaedWis O |11’n? SBﬁs@ﬁ E.E§ﬂbmﬂo45th€ aptddcA®r pﬁtﬂadﬂﬁéﬂd&&ontmls the LEDs
| ocati on t mthe surface,v

116, Sl dancnn has Sheshripes GOmmTYPRE B aeBE T TNeER IS

It lslﬂﬂeduﬁﬂ-ﬁérf&ﬁﬁn& lnesobEERS genkidi-purbdske AR plddssorand handl es
short-range radi o conmuni cation via the radio

t r angRehMREssdORS, d%ttalltﬁméhemﬂbdiﬁﬁoﬂafti @faﬁﬁ:@ﬁrer EonftONrizs3 and
ener al - pur pose RI SC processor, The pro

basefjagd ﬁlaqulttléégéle@e\ﬁ@?ww%%we}ﬁ?is %SPrr%ﬁ’i‘?&é é&#?‘?é‘ﬂw\‘ 148

arelhﬁ rate@l in 9@&@1@%%&1& agid. ARdd EBRF %?Aﬁor&ﬁﬂgf(m? dirblie1 §&Rl RF
) menory 147 and 512 148 are

resqnmoesgernaﬂr@actpﬁ 1a6)arnpypeidedon thesepasste REPP. Anal og RF
components (RF circuit 155 and RF resonators ? X
i ndudheinagesensonisea FEBOIwth phapniecingp arsqulioRet lxpls pixels

(suc;[]haesénm?g§ 1%3151:%@5 mtﬁsl%%l%omctdbr}ﬁﬁhtﬁﬁpin@)ﬁ B&tShed in a paper

resol utlon of 215x215 pixels (such sensor

by Bakoehi Ked Nopusade, N SkisenyarRebiagagerbb a@é%@z@l@i ‘@h Ilmglnfipkrngel IT
CC%?E;Q@ @eﬁgor &5}'@1 & bampl)é Sggtgllﬁ“ rIEEE @%M%&ﬁ%}em&m Devices,
nya, gayoshi,

1nm 50k- Pi xel
Volt 77, n@ﬁ@rlln@gearﬁéﬁ}@owhlﬁzb fs ingonposater l@r@abaeﬂe&r@y@tvem an IR filter.
| EEE Transactions on Electronic Devices, Volt 47_
numb@he dentrdberUeti§ 120600rs ahitictveitstatarfior pparied eflinaetivity frhen the

penbl)()l rlser{o &%&):t Mﬁ J‘su@ﬂcel B Jldolrﬁo%’tes 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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The controller ASIC 134 enters a quiescent state after
a period of inactivity when the pen 101 is not in
contact with a surface. It incorporates a dedi cated
circuit 150 which nonitors the force sensor
phot odi ode 144 and wakes up the controller 134 via the
power nmanager 151 on a pen-down event. The radio
transcei ver conmuni cates i g7t he unlicensed 900MHz band
normal |y used by cordl ess tel ephones, or

6. altep? ?j gy in the unlicensed 2.4GH industrial,

C
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an ofjeerticelpatheif desigped tarslinergehemdmpssi thegmagegensor 132 of that

parﬂ;_%% UFRGmadkdisHRQE v@lﬂ"ﬁl%texlsg@:gﬁe %@l@%@ Kieh38ne P91 Rlthih @éﬁ%ired tilt

usttate the optical pat The optical path
rangbss(a;eg rl@fa‘) tlhe gemprydpcusing lkgment] lﬁrﬂg@bieetl‘teH@lﬁ 1§@gldhissis ﬁ% psed in

revcgrg’%te S{é"(g (E:At? gltll.{twgeﬂ,f’oh f\]oggth? fIR tlllﬂﬁmhﬁﬁ)g q_,qSDc‘ i"_flf (ﬁlc&ﬁthmm‘ﬁ[ée within the
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1571 ziridulrﬁll nmbaahrpatb&ﬁ)om% refotwsinghe tumiage eengdrt 132 rand e IR LED 131
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ot b it i
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cap@RE Patlp &td&m@ﬂeﬂ\&b@ﬂ&ﬁ tife&é&i)llugloh_@cmpattemﬁgulala@d eévis\@ lis db3@quired

_and the |R.LED 13 res Iso al
Gegrrateat s opiebb S miBuimdnyfid R R s desienca
to pTJB’tRlc@ﬂil Ezﬁneﬂfbj dehgpatd g oSEOS a4 thi Bé?ptla'e bath,S;ottlkBEthfellldﬂxﬂnatlon fills

e _capture field, and @gnﬂe path is

t
the 8@§‘F"g§ﬂ"é8 ﬁ%'g Oﬁ?ﬁ v gy PevKe ap P‘B@fm ace ang uI ar

the. dppi CEBY 1 e Aiaret & smbtant sl TRap i) T et dipusse

illuR@dafion ﬂlo@.@%bﬂlrkﬁﬁmnte@pc@ﬁ&dﬂﬁeearﬂ%n&ﬂl’@ezﬁb¢ etk sBcﬂaéb@osure time
field of view as the caPture path, so that th
1

preyqnis TR et 410w ine sl jai dHts SEtese Oping Rpn GRoverpisyy The smal

apeife RIRXIuARLRND QYT ofaReh féf‘thfe @kIMFahyo of Bh@ack Reftilndiddd bystilt. The
strobed in synchrony with frame capture. The use of

captusepaslsisgludgsiap GrRlisE ePBHreaTtorolkd fordhis ParPe¥fort exposur e

time and a small aperture. The short exposure ti
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, frec 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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prevents notion blur, thus allow ng position tag data
capture during pen novenent. The snmall aperture
all ows sufficient depth of field for the full range of
surface depths induced by tilt. The capture path
i ncludes an explicit aperture stop 191 for this
pur pose. Because the image sensor 132 has a strong
response throughout the vi g8bl e and near infrared
part of the spectrum it is preceded by an infrared
surifai:fJ R peh Qidtekd EJ@S GRRIH" Bd RAERaRA felR@le tol the SRRIERESORHZ to
ean ?nage oP he tag data on the surface, free from
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signdturd fong vElefedpiot Exaaiple. | EEE Tr ansacti ons on Pat ent
Anal ysi s and Machine Intelligence, Vol 12, nunber 8,
AuguThe pED001 Ghermtlied cho positionodnd wentation of itnadr pLk d2édn the
erein by cross-reference). The f .
surfgec by iagite 4 he jnfrared spactrum, arntagead%f?té r%ge mrté? g;tcmi 0{ Bhe nib
119t m'le&hl@édaes\/tﬂé H&resWE HAE ind JdthpPRE thie Positih’ ofalie ribl (DW’,I 121 relative
e force may also be captur

d as a nti nu { %9 ue,
to %loafrf@e (RestERm 5 RPeeTvad PeRPPASiF stortiogn tg‘?/ teg gpd the known
geome@Y8f HE Berd GptRE 1YLibd hRE). AftiugRRMHdkiflon febstutRANLS 119:]tag may be
determ nes the position and orlentatlon

low; thg adjpsted gpsiigneresaliiop 4t auiisyhigtmald RSy Frecedtaht 290 4 agpoluton

reql:?iﬂe@%xr aUéﬁrat@Harﬁ%ﬁn@fec&gﬂﬁloﬁ gJefa Afe bdferbire). vicinity of
the nib 119, 12 It decodes the nearest tag data and

conp PE@&tlBﬁkereﬁgt% tb I2Q0rtRE at Y @piel ad & Qoricd istoRésARI swBke doBsists
the location tag fromthe observed perspective

of agfiequenee fdimeottemued PemRsitions emtha serfachdnifipiedhy 2 Bainsygyent and
con% fetdd 6y BE Quﬁgpcfu'el‘r‘tspeat 3P ebeea kRue alscﬁ'tatggé?ll"\gllfh EhE Qegion ID of the

ositi'on resol ution of theta OW
surfactj whenserpibs iregiom I} shaviges; |lemunsfsatq PtS@ergWe strpke wider pgrmal

clrcﬁx)l(ngtgr?cQS?‘ AstifscalO #Rbe, SR dEibPg idcRALY d'a@aqmﬁleaftwégf:l‘tkr Iﬁjtsiﬁon on

writing recognition (see above reference).
the awficonsd aled sgionalatagindicasive fof e ragien of fesarepe F4thin @é\ch g tag
lies of strokes. A stroke consists of a sequence of
1€8
time- stanped pen positions on the surface, initiated

by apRGl égo d%&r%{}ntﬂl\%ﬂ-gtuigclg off % g%n@%f&@?hd%y{%ﬁg%%@ en 101.

pen-u svent ere
Thel fenabntrdiler lismtirwcmlmempm Btrd!klee(atr kﬁgtb dhthercqmawgl@b’ samples (at

1655 the n1lJ fcj)rce via tht O?CGSS%I?SE); phoiodmlag Iﬂ cl%%ﬁmg B% peﬂ% @Rgtate (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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ci rcunst ances. As di scussed above, each |ocation tag
i ncludes data indicative of its position on the
surface and al so region data indicative of the region
of the surface within which the tag lies. Figure 49
is a diagramillustrating | ocation tag and stroke
processing in the pen 101. The pen controller 134
starts with an enpty strokegg(at 164). It then

conti nuously sanples (at 165) the nib force via the

f ol t
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reasonably fast 8 bit nultip cl es

the sppptig skieral Kigie Shin ¢ élé%rmlﬁltsgﬁt)m %§m§%}6‘a ?Pfgm“bf“g“a‘ ink.
DiditlinR “RAER IS Alffetedt ih MR Jh SVheh R HRAWs WrkMg bR islsfordd@ the same

pen is out of range of a conputing systemto transmt
formes dighelank whigjuis frapssnigdgp the|syst$rk in i ts i nter nal

menory. It transmts any buffered digital ink when it

is next wwthin range of a conputing system Wen the

nmory.is full the pen ceases to
Ta@ﬁgt%*?"ég ft@“f‘gf"'f‘ﬁ?'%tgnd i nst ead flpashes its error LED

whenever the user attenpts to vvrite wth the pen.
Tabl e k s the|conmpopent g P.ﬁsﬁofﬁw didital iQfee
tran‘s’vrf‘f}ll (?Pkfsr ihe pen 101 tp :e co tli ng sysltigem
Fi_guesnBdents a d| gram il | ust rat| r(blt%)he st rluct ure of
peﬁﬁf rawdigital I mk. _I;)igitlctl I nk \Mg_ch is |buffered in
the—penr—when—the—penmrTs workinmg-of fIine TS [Stored in
nitlRe same _formas|digital ink which8s tradsnmitted to
abs()h@eﬁg,t em Table|4. Raw digital il conponents raw
dirgrtar— Tk urmm t—PprecisTon fange  conponent| (bitS)
laspywpfeime 128 - npifp 1 DMS 1281 64 -
region ID - 100 -
time offset ms 32 49.7 days
tag ID - 16 -
x offset 20 pm S9 +10mim
y offset 20 um S9 +10mm
X rotation (pitch) degree S7 +90°
y rotation (roll) degree S7 +90°
Z rotation (yaw) degree 57 360°
zZ force - 8 255

When the pen connects to the computing system, the controller 134 notifies the
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absolute tine nms 64 - |last systemtinme ns 64 - region
ID- 100 - tine offset nms 32 49.7 days tag ID - 16 X
offset 20 mS9 10mm Y offset 20 m S9 10mm x rotation
(pitch) degree S7 90 vy rotation (roll) degree S7 90

z rotation (yaw) degree S7 360 z force - 8 255 Wen
the pen connects to the conputing system the
controller 134 notifies thg NPS096-SG 70 system of
the pen ID, nib ID 175, current absolute tine 176, and

systbfl £ tBS ben?lPE B T1® 175, Rurrbrht ab@chﬁt@'tfﬂ%dl?‘ﬁr QkY £hBQast ¥BJoRMA time it
prior to going offllne This all ows e systemto

obtadnsehftomethe ppteay frfof 4 geing qfﬂlﬂgé?hl%ﬁ”@tﬂééw SHTiEN fof GeEHeppy drift in
the E{% s Ab dndhindeBftt HEF SR Gkl Je@éﬁetdhﬁmpﬁg p@:@&&ﬁr@ln?ﬂrl. Yhe ﬂ-é?lechen

then synchronl zés its real-time
syncheanigea ite rqaktime clonke with dh«a@ﬂratewealéy@t@ﬁk of tlee gystam| Ble pen ID

allo % él?e\é@?rﬁsﬁﬁm e ! 't(pg:leﬁt:f 9‘8&9 wWhEE Bekd % ﬁmgﬁw f-ﬂo%géﬂ being

an one elng operate
opemapdprithi theycaysitingrsyseen Ptr[B)snw isgmponrot incaystemnwhigh peerthe pen
to 1#“?1%‘.1%{ an g\%?érho angnelmﬁ:f(grr %{%{ng %d ﬁﬂea%%et%t otv“l%r REL particular
direptad tmamldrahl ottlerr ecblthamtsnthés may mobbdn exquizerh Gﬂhﬂ nmlmﬂQ dilhws the

not. b The h oppUti N
com@nelRres T e PO Bl 22t X Ties o0 R} fhdbonty
bein@akéd. iTilgeortypuding. 3 B:ten sanpra@SMﬂeyatloh) dépRgding agbn v{ﬂheh nib is being

utin st.em can, vary. eratjon dependin 0
o AP sreimpf 7Yoo aF iy Eiigs 81 T oalREhge 8 SRR Yo A Berr
produging rféed%k BitButlbkOaukss m’ﬂﬁédﬁl@ fasdtedcll 13 Pra¥a1Fp by th&gn!sms:kfags made

pr.oduci ng dback ou

ef er t because i nmed
on (he Bertiae 1 heed RN BOE H T o B, ool PG HA Qo ey flsduce
lmnﬁu@&q&ﬂmehg@@gthe stylus nib 121 is being used, the
conputi ng system may produce inmmedi ate feedback

out Pt the Ahrt bhestika e o cahitidlidraB S rdcbids, IENra®OyiokOhdadir 183, the
134 records, in a raMIstroke header 183, the el aps

ed
clapgchime ptsetht et Aosaliic ABRSCIGHET 19 HHE SHIAT FOBERcE §ep RESiion In the

strofRY/fE eMtroltr 132360 REM 1RO Rk ioPB riw p&hﬁ)s:tﬁh n @'k Qhet Nnd y offset of
controller 134 records in the form of

the pregiik | i 1317from {h@é:u;gergﬁ%g, §hed‘:ﬁ ¥ @pq Z gptation of the pen, Fz?md the nib force.

1t only records the tag ID (which identifies a tag within a region) if it has changed, in the form
of a tag change 178. Since the tag frequency is significantly smaller than the typical position
sampling frequency, the tag ID is constant for many consecutive pen positions, and may be

constant for the entire stroke if the stroke is short.

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

poéition 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 siroke. This

becomes the absolute time relative to which later strokes’ time offsets are measured.
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the pen nib 119, 121 fromthe current tag, the x, y

and z rotation of the pen, and the nib force. It only

records the tag 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

smal l er than the typical position sanpling frequency,

the tag ID is constant for #tany consecutive pen

positions, and may be constant for the entire stroke

Tt RGes tt}{eoflé%on'l D §$%§tant$binlﬁ§nfi DfsdR@iveSAORE &fie péSonly records

posi tions and orientation at , pen _positions 1n
thegegien Mowkendt ehangep i the form of amcphaqgeﬂé@ Trhzs beprmesheggion ID
1mﬁgfgﬁ%§?§§cﬁ?éﬁ’witﬁllgtertpkyg&hﬁaﬂp If the pen fails to

a pen posit because it fails to

deco hio T e
or 65 g_')?r\n/g attugé} I}Fpﬁh% tthesrfli) 1 L 9,18f Qétqre R RrolRARH ket fhe pen

’'ng. It therefore records
opticnellypeedirds aouib ﬂé farrkstrokm in the faref amiy et 13h Thisdiseripes the nib

IDFI%I{L‘:R@ asstolcxgtgd &Xtﬁ’lat%} S ng the conputing systemto

er pol a position from adj acent sanpl es

i f neg C set ke
has & ?1-? ﬂ{péﬁ?‘nggﬁe?rekms %igﬁ%}&)&%b&)ﬁ ppefﬁ% £ hsl%g ifPTable P

optionally records an absolute tine, in the form of a

time change 176, for a stroke. This becones the

absol ute tinme relative to which later strokes' tine
fsggs are neasur ed. eﬁJ\IPSO% SG 71 Since the region
Ta"lﬁs % SrekeLompepent prefixes onsecut i ve strokes, the pen

only records the region ID when it change, in the form

L.at or n

AL U1

a of aﬂrc((e]'ﬁllmn%1 ange 180. This beconefs %ﬁ}@ regl on ID

~nr~| at ad t h nocl ul Aee
ravapenesitiomy change the nib 119, 121 bkt ween one stroke

JUUTT OOC ©UT VAL T II 'JUQI LI UIIQ
unk%g‘q,tgeog%%}} the pen optionally riegords a nib ID for

; e—175—Fht-s
tagbbogees the nib 1D inplicitly associl#fed with |ater
endSJfrs%l%S Each conponent of a stroke has an

cuLi’pr coded Pt cflA, as—tHsted—mFabte——5: Tabte—5:

reglRmwhange oke conponent prefixes raw s

t¥1aR® conponent s

mb%!ﬁfglex raw pen position O unknown pgg position 10

tag bllallgc +166—end—of —stroke 1161

timg glla®@e ni b change 11101

TEQT OIT_CIMTalge
111(? 7

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 transmitted 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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time change 11110 A1 Omm stroke of 1 second duration
spans two or three tags, contains 100 positions
sanpl es, and therefore has a size of about 5500 bits.
Online continuous digital ink capture therefore
requires a maxi mumtransm ssion speed of 5.5 Kbps, and
of fline continuous digital ink capture requires about
40 Kbytes of buffer menory Per nminute. The pen's 512KB
DRAM 48 can therefore hold over 12 m nutes of
estgﬁnﬂé loN 30 ugcldé% @bt aderyprdd. bIEi he ,egarggir?ﬁ Nofad dnanée:eor@lhﬁﬁlmgaﬁt stroke
appe o.infrequent|y. that they have a negligible
CO@PEESC&&HW’%@C%’&%D ‘Ls&‘“fer ansni ssi on speed and buffer
menory. Additional conpression of pen positions can
educ ﬂ:psr% ssion speed and buffer menory
eqU|'gW§ R ENRQRMENTSEqch raw stroke is encr pt ed
usi ndntanealPmaiinecentegingng che pémintSopmtes ep h@fﬁ%@pﬂaumociaﬁon
(Ir]%)’ﬁfe?ﬁgeafgp \?% ngﬁgﬁléétlgp wnﬂ'tbg% %881@& nteﬁygge printer.

disclosure of ch 1's 1 ncorpora erern
Crosgyf, %ﬁﬁe? %ﬁlﬁgdlpl?[ﬁ:o{hg Ql?'l@lgm&{@&sa%ag cﬁ%rﬁl@ o'illﬂ accelerometers
conputing syste &én nput’i ng %
mognteh anthe nmtpleme Wehs pcfmamt Wh@aq@@ﬂﬁm@rsowi)arar shgwh ar Figures 9
1S on a conservative NPS096-SG 72 estimate
a““bﬁﬁ‘géh%sgg es per encrypted bit, the encryption of a

8 ? g c Z@g 9 rIlQVISI O(Qf tl?l{e taccsegeg'%oril(e E%b%ém?éﬁ}% { (){?Ré\rfgr&}enpen to sense

moablt withat ref@ereatmmﬁammatlbin agpelowing drepmaamﬂsgsan be sampled at a

loweﬁ Eﬁr? %Fic laca&:g%m CE%{]]]G%E‘ v\}fji' ﬁ“ %}%catl gtmge{egf xiaglﬁr tg?n a position on

thel’lﬁffﬂ&g @op exanipdd, .if the dbjdctlist h @ser antbistic NBMIt  eldnteat @%’l al@ﬂnmand
butﬂ’f %%Pﬁgﬁlogleg%égc%’%lgl? ﬁlgr\%lgwla g%%g %gﬂgtlﬁﬂu? element can glrectly

ideafo ellednmmele@ed. 190 are shown in Figures 9 and 10 in
ghost outline. The provision of the accel eroneters
enablTes atdeictutiombRekiuraaly thf actdleronetrstiDefR BS te xNBY b Alections is
w thout reference to surface |ocatio a al.l owi ng
OCF%gRéfrP

‘““Egﬁ’éeq WHLETRST 1© HYS (A RyOtHee %%Wﬁtﬁ‘étﬁn“e&‘c‘s k-4 OFIQ?% Eac h

| ocatj.on tag ID can th ntlf an obj ect . .. .
i nt ertdEet llﬂafgaﬁ‘&g PR %fer‘o ¥ BACoH oM %‘iﬁ ‘&%%OS“‘PB%W“h‘“a
strék$ a4 | @iculabedt hﬁﬁtlﬁbgl‘ﬁ%sm&l antag,a@tionl AtRMLARS érfh@sutm the sensed
el ement (e.g. a conmm but t on then the tag
accglgragor), &evgéqrwtﬁr%&ma t‘lh P?Yethl‘?é‘ rgsolitiopsand e ﬁﬂﬁi)é%rat&né#@rﬁmke
ovef MhicHiefr8G hédimulabe Rtshéy, the input el ement. The
accel erati on neasur ed by the accel erometers in each of
the x and y directions is integrated with respect to

7. Ui e NEGPARSEOPRIREERDES CabBEN aneous vel ocity and
position.

71 PRINTER MECHANICS
The vertically-mounted netpage wallprinter 601 is shown fully assembled in Figure

11. It prints netpages on Letter/A4 sized media using duplexed 82" 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

simuitaneously, 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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Since the starting position of the stroke is not
known, only relative positions within a stroke are
cal cul ated. Although position integration accumnul ates
errors in the sensed acceleration, acceleroneters
typically have high resolution, and the tinme duration
of a stroke, over which errors accunulate, is short.
7. NETPAGE PRI NTER DESCRI PH3ON 7.1 PRI NTER MECHANI CS
The vertical |l y-mounted net page wall printer 601 is
0 ful ed in Fi t
find] i g T8 R o thiGenss fronh onBALS sgvere pumdred
sheMenj et TM print engines 602 and 603, as shown in
Figures 12 and 12a. It uses a straight paper path with
t he (TP @épl4aOdble maa:ﬁfnm@etdiﬁ’,oshghntim Eigrirep! Seocmplleg m‘riuhtthe duplexed
nes 60 whi ¢ ot.h sides of
prinf 1%&@%5?3@% Ph¢ %ambrffsc%f) Soring, Biient “ﬁ"lﬁ‘Ye e #ﬁ Raeenta
yelioRt, BRERdnd BifREédigksa shedibtilgio oamains e miao sir filtgr ioh bage wrelding.

al ong one edge of each rinted s | 1o
Thegia ﬁlserﬂwg%ﬁ?w&ﬂb%aﬂsﬁ@a e &ﬁ%&f&@ v éga‘?"%%b% This pro-
v1dg‘ﬁﬁer€cl ﬁf?tt@%eaprmHPeﬁ@sg@ ﬁ&eﬁﬁl ?ifebtﬂ@ﬁ mRed paticlec hpe e Mdrjet™

which can range in thickness fromone sheet to severa

pristheads 880 whivhapight UFFFEWIGE slogctba prighsadincedes: Py dgeorgpating the air
ﬁltmm i CE EQhJ%)e%HPAI g d‘l"tﬂé”ﬁﬁelﬂ% HdabvRKamMkedioithd life of the

I nes, ers or chanbers for StOfIn
carfridga{Tihy sk caditidgsiive full neeyelghlnprofiss ith & capagiéy fopprintise gekehing

nks. The cartridge also contains a mcro
BO@ﬂﬂg%RFterﬁ%hba base nolding. The mcro air filter

I nter Fib[jt 6 phih@s th
| A WP, BT O R i
topp;heem ﬂhsdgls’rombpmem trey Pastye papst eshsariog ity fpr@trnﬂiﬂt:?@ﬁlelﬁ% gito the

dulg?xga Iﬁ%etggyﬁ?tﬁeadntsge%%q ﬁSq'gWgng m’lt I‘%nl%g be gnd 603 are

noz orp ratl the a
mofrhtbd @ atVbpgdsing tidéne aerqtmmndgeqnfguhretmpdom the rsahxghtl ﬁaeerowath The

the filter .is effectivel ed to the Li
paﬁgég(ﬁ,lls a{jign intp the; f]f,ﬁg pgali,cinlg%{xa 8@?{; m’(;ieg[fa 4 lpP\gerF d, Sk ﬁ%mllel% 626. The
poﬁﬁ@cﬁiﬂtm\éﬂ df iheapapap e isyselfsecl it ﬁilitbléeg aindng bmmmgwei%@"ﬁi@tlve is
1500 shegets).. fg%rln igure 12, the

F
P“ﬁﬁgﬂFW ousiydp aidgrane i ghg P???p UhleBIPy 626 pushes the
top sheet directly fromt nedia tr ast a er .
sons e GAPE 41 thp St pYismiet"e g @?‘ﬁég’éﬁég%y H{g?f*gk‘ fesel oF pawered exit

sprfi’éJ Rh&XE gllléﬁ‘e@] £dnEMhP K iR gﬁger%ﬁﬁ " Rhih a&r@aﬁ]m rubberized roller.
m et TAA print engines

02 and 603 are eg é%q
Th@ﬂ@ﬁb@ﬁ’ ﬁ@eﬁlﬁcqmtaqtethg etiefe AEintad SwBRT Pl coRtirE O 4F ﬁEe fhﬁst into

If dg60§he paper 604 is drawn into the
tmﬁ%%@?g%%?ﬁ?qgﬁél e 602 by integral, powered pick-up

roll q{e%erﬁf?ges to i‘qéﬁres 12 and 12a, the paper 604 passes from the duplexed print
engines 602 and 603 into the binder assembly 605. The printed page passes between a powered

spike wheel axle 670 with a fibrous support roller and another movable axle with spike wheels
and a momentary action glue wheel. The movable axle/glue assembly 673 is mounted to 2
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 capitlary action through radial holes. A molded housing
NP3096-5G



position and size of the paper 604 is sensed and ful

bl eed printing commences. Fixative is printed
simultaneously to aid drying in the shortest possible
time. The paper exits the first MenjetTM print engine
602 through a set of powered exit spike wheels
(aligned along the straight paper path), which act

agai nst a rubberized roller74 These spike wheels
contact the wet' printed surface and continue to feed

682 HroaitRle QQélwhéat thtaa% &ﬁ%ﬂ GheMedh SiviMhp gla@ﬁnoﬁﬂ%é B sprung

603. Referrin gur es and 12a, the paper

Fi
OUtEraé@éﬂsaIFra@ﬁ‘f}FgéO élwpn@tﬁb%rafﬁet prd hlezﬁgmﬁ@yiew@ wibrg) tB@zest of the
S
oo A R PP picH o e Rl RS A FRERGFof he
mokigp howsingr B2| Eensiwndramgstoise treoassanibdy and effeiively epitheglue wheel

mentary action glue wheel. The novabl e
durﬂ{% %hé Sgﬂlg%@elﬂ’g ly 673 is nmounted to a netal support

brac oy f. .
with lﬁﬂ{%ﬁheaﬁg%p4 E?ssés i3 ?geoglﬁeevgheep%xa@{sb%béﬁ c{ﬂlgsg{]e 1%%5"%1% to one
vert;mlrsﬂafcm thﬁfmeqoadiatagartrﬁbmrthp fivee rslget bii fsdmmszlt}aﬁst it isTinansported
a 73 consists of a partially hollow
do‘%#ﬂ%t@@@%mg%@em %E{O ing coupling for the glue supply
hose 641 fromthe ink cartridge 627. This axle 679

7.200NNQLNS LO Ao ﬁl&ﬁrﬂmﬁ'{ gﬁéch absor bs adhesi ve by

calllary acti o al holes. A nolded
housiH§ NeRESSORTBIessontraljer %Wtss&fr # GefEpdlingrReocpsge 7ot eefactory-

mst\éllédhmaﬁelﬁﬂﬁéﬂdlleg kw0 EntbHRB tmodleY €39, N9radlc0@ariidl RBshsceiver
rung outer doors are attached to the netal

conﬁpléﬁf ﬁf’ basebapd pigvitolst, BF sy €55aech RF Hesopgters apd indyetors 756),
duaiiﬁﬁt%mlage &Z@esk&r (Rﬁf) @)"s‘i)s 7f \&ﬁﬁl&ed‘;}hhﬁen%% 'c&ﬂmﬁé‘:@ 98Sand 760b,

gl hr ugh thé front  of nol de
ﬂaSh MOﬁgGS@S@d 6%@5@@3@]&615%9@ ilbisated inégussKenbl y and
effectively cap the glue wheel during periods of
i nacifheicenprolimg priveesson dendlgOepnpanication it thehactypikel 9 and with

i
ARl T8 UL S s iy L
613t 6eandofeds adé@mrbmm)zeaéwiRIPi&SHs r'ahspd ptigcengideo wontiodlers 760. It

. AR P
conl el YRR TRERRLY sl plp e P RRRRS) U g processor
750cbmmugioatey el thagrigreogies sorroll§9 76(avid abighspeed ranist alsl669

or field-installed network interface nodule 625, a

radi dhe RHMIS@E \mteriee 1aBeh SCBPIe page dnstcripﬂidm ro TIESnetpage printer’s
com ressela fc hat h e Gl I } d t?ﬁ]] d

Ip Tased &)ta%er Soméan (L;léac rlnti enlgme.?g%lso er ed%)aélr s,r Frs an Pl%nts page images
to ipraswernsd Mdoght™ piiSRad 7357 ,in captiax eitk. pr dviet 3@ pale Per minute). The

ngfrollers 7 n
dupﬁegeff pr%t enegmsé cogtg qlelgs p?'mt botﬁ) sides of a sheet simultaneously.

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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flash menory 658, and 64MB of DRAM 657, as illustrated
in Figure 14. The controlling processor handl es
conmuni cation with the network 19 and with | oca

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 engine
controllers 760. It consists of a nmedi um performance
general - purpose nicroprocessor. The controlling

RFPEORPREHR (RF/ SicuStOTHSUMHACRE §SsoMded ah Qn(ﬁuoﬂst 7%2 Qe ﬁrowded in a
controllers 760 via a hlgwpspeed serial bus

seppyafe TISRip 743+ Bliei nedveth dnterdasp meodyle $3g ds erpatetei pimedw@ago printers
alldv e HRERAY EorEdt13h €6 b§ facfb?y“&‘i&%ﬁ ed f@l@%@le&&f %h nﬁﬂﬁg 658 and

prlnt engl ne controll er €xpan ithers a prln
theag 86N Ihin GeAMBY. BRAMS 653 SogapEahive FhepiiM grzinatdosEalleB5T50 are

L .e. at over 30 pages per mnute). The
mﬁbﬂﬁ#%% &hhrln engine controllers print both sides of

h I
cont ?‘inﬂ%Wéﬁ%%?%n%r%re PORUERsde Fli, SR phRidine a netpage
“etm‘k' inerisce 75ikandseienilly < ovplucmipuen oninktwoki enterisé €52, Qéetpage

neei o8 Bt a2 PSR o RS cable modems

Ismbfrﬁoﬁ&he DSL thakehs,t hfelE oems@oers, ¢hdenfngld tﬂ'&ﬁt—@ﬁﬂ&tl(ﬂﬁ daltular

as configuration dat IS is co to _maln
te’ﬁﬁ@%rtvn%’é%fét andgREeIS oral %Zwﬁlg bR e egpdiops e
IEEEN 8di(ghirdlRl pdrH)AT0Baed-V @hd COIRASTE Wilterret, nﬂlﬁﬁﬁiw 2.0, IEEE 1394

control | er 753 and baseband circuit 754 o
(Fisg iy Aad Seriqth SHEiTeghancs B PRECHeRaioe B3, Inariit ggpmection is

avamaﬁﬂﬁqogﬂ netRlorlC AREAQHRE el deRbork iiktérgict cAiPbe aRM a8fhe netpage
resonators and inductors 756) are provided in a

nﬁ@@ﬁ&#@ﬁﬁeRF chip 762. The network interface nodule 625
i's segarate since_netpage printers _allow the network

conndBt F91P Fastsdver et expnynuidates s the ginligengnd L08MHz hapd) normally
used bR SddIBRMBIEPhoRRSoraMEmatRE iR 4R Minbed( AR 1nM RAdntifR and

al so off chip The print "engi ne controllers 760 are
me(b%vﬁl Y bepd, seﬂané&seﬁmw @ppingr japd WOHTSIOHeMﬁ?FIRﬂ to provide

inteHeREL ARG R oRALL A5 025 are provided, each providing a
net page network interface 751 and optionally a |oca

COMPYhehriflr RALYRE lﬁ)pﬁ(ﬁltafﬁ fnﬁ:S%onft%g -an e REP %a]ta 'l?sgny@arn%n (IrDA)

. I nt erne |nterfaces i nclude nmod ens,
intepfaqscpr repiving Sty squinted efrern deviess suqhmemwemeram an alternative

em%@%ﬂ? the fnﬁalr ks %hef {rﬁﬁsiﬁt%fﬁ{c%rfﬁr T']h%Hrr @ao%qmcatwn with saltabiy

next - gen atlon ce t el’'ephone nscel vers
ﬂmﬂmrghsﬁggtmmel | oop (WLL) transceivers. Loca

interfaces include |EEE 1284 (parallel port),

10Base-T and 100Base-T Ethernet, USB and USB 2.0, |EEE
7.2.1394RASTERIZATIONAND RRIMTINGr i ous ener gi ng hone net wor ki ng

I Nt eCh@URS mainfpréBssbNT IS tecEi0AN@MVeARed 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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avai | abl e on the | ocal network, then the |ocal network
interface can be used as the netpage network
interface. The radi o transceiver 753 comuni cates in
the unlicensed 900MHz band normally used by cordl ess
tel ephones, or alternatively in the unlicensed 2.4G+
i ndustrial, scientific and nedical (ISM band, and
uses frequency hopping and 7l lision detection to
provide interference-free comunication. The printer
dodnRL&ol I er optionally incorporates an Infrared Data
Association (IrDA) interface for receiving data

" SQUiyrit&ehar IJJethsdlﬁ‘fh&&a%e @R a?eeFaQt@Sfed(ﬁ?g@&ﬂére-rEs%Iu%Bn bi-
alternative di ment the printer uses the

levelrhitmapaiclf isrlosstesyly comprgwsed: tomaghigiblet sizsrandi Wh‘\cfsf@rm%\bary of the
tpage pens. 7.2.1 RASTERI ZATI ON AND
cm%%%%%%ﬁé?%ﬁgg the main processor 750 has recelved and
veri f’['h@ an%ape% @ﬁcﬂﬁ '3% the prn8 pL e%&l{aﬁ; 9§‘e tags ét density

obj ect's e appropria e on
of SR si¥ Pér inthELibRy ehoddes dist page 2B, Badh, palgf@ntielshlm ptdi the data

con?e%%fce%“ip{ag Bé?&eci aﬁﬁﬁ rAsFe‘Flgatl%ﬁ%gd st&'é@%ethe Jgﬁﬁ)r&%#g:%e image.

proces each-conpre
e Sy %Eerorcas re’!ﬁ?’z%assessbé%%a"agk ”E SIALE RSB 4 i

engilevaaysollees I@pEachysiyt mgmee:ommlar et stmeg/tha wotopressed page image in

erlzed a i n_gener al stored in .
s R Py SR P8 GoecoRe B i S bR Py sypgpion and
prn@ﬁig 1Nbip|el1®atbe&msel\heﬂ ir@adtiesli 13 iskge aheiitire {NPEBAB-1568 CYK+HR
nments. Watermark regions in the page description

P“%FB“?é%P@WP?ed to a contone-resolution bi- |eve

bi t map which is |osslessly conpressed to negligible

ich_ forns art of the conpressed page

Trzsr‘%“ragga Iﬁ¥%WﬁFQPEﬁJ | ayer of the printed page

cont dhp §a&9@a9@sm1ﬂm@tmw§)eb\me of teraprint enginegfontpllsy 6% gopsists
of P&, %9421 IE%%CMH 3erﬁ rlﬁtg;qﬁ:% 459€ 2 RAHGd %Eé ngco'dlé} 76%”9 standard

co bits, t he content of each tag
Grcge Adian teagdet 764, mg:ustamthelﬁomfcmnosandumwﬁ&pwﬁqmttamencoder 766, a
lmeb 0d er/ orm‘atg% g’ggéﬁrgraézuatsmtng ce 75{1 R eilglg&_g?&%{lpfﬂga%ej%ﬂ

cont t[%Ll Rhtengine cm%%ipr 856 ereﬁ fnnaedou%ﬂ:t lguq” eLe%r a7n99r Wh]le one

st or es° Phe § TR pagePi e cal e nory,
pagandlosdedritte umwﬂag @iae:h@hjghismd amhl pmrf:t:e 6@9 pheg;arb\nmly loaded

Pangj z eéﬁﬁ%%@ B?@g{ﬂ 7@3an§1tpg %OQIg}h t}ﬁsé PEhﬁe%l&%%g%]H%ﬁ%&i% ind. Once the

pageNd&iidRed 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 according to the tag format defined in section 1.2, all in
parallel. The second stage dithers (at 765) the contone CMYK layer and composites (at 765)
the bi-level black layer over the resulting bi-level CMYK layer. The resultant bi-level
CMYK+IR dot data is buffered and formatted (at 767) for printing on the Memjet™ printhead
350 via a set of line buffers. Most of these 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.
NPS096-SG



page inmage in nenory. 7.2.2 PRINT ENG NE CONTROLLER

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 Goup 4 Fax decoder 764, a custom

hal ftoner/ conpositor unit 765, a customtag encoder

766, a line |oader/formatt@r unit 767, and a custom

interface 768 to the MenjetTM printhead 350. The print

ﬁgg :,] gfh g %\}e[r‘a? prlr?t 1%9 cc?n?r%[l&% 2§0 déerg u?edqﬁ’ H%%Q&R pﬁﬁﬁlfag \ﬁ/lf &ajduplexed
conﬁ@ﬁaﬂibng theg p&ﬁdn&hﬁm:mﬂ viand mafeddme 6)5@ 51gnhie77|ﬁr @WllY ©0& pjnt engine

7ot e i R Rgr e RORT BT /o B e RSt iR e

shal®@%iné.l Ni shed printing, the page just |oaded is prlnted
whi | e anot her page is |oaded. The first stage of the
pi pelThaepraxpamis: (caiitroles) 760h eontfG dnwrswde grocessiro1@2  for

synggglﬁggﬁ%@é)ggee pgqggqsnep% |ren[7§?r4 11)&:219(@ oot é%lamg 31%’ (Pélrntshea 350 via a
lowl§Bd sehisl bas 713eMRl conesIEDRe itaygpel yers 6aﬁ:,cﬁasd| ng to the
tag format defined in section 1.2, all in paral | el .

The 3$e@esd” steighs ditdRigagd lﬂ'inte? &Eé tvstohﬁ?mt:éﬂgirmm eacEipNids 30 Letter
| ayer and co 03|tes (at 765 | evel .. bl ack

pagleweérmle% plopg they @&ﬂlwwﬂmf ﬂveeRﬁs? ?Mﬁ“ﬁ"%%ﬁe]ﬂ“e r§iof 8.8 Iz at
16([0(:%{%{'l hd B4 2°Dlerdigé R the aMpKge! ﬂ%nﬁé@tthdi@fo@nhﬁeﬂgufe@ &ick @rlﬁ@ d5 Letter
formatted (at 767) for printing o
pages pastnnbiel along the\shert dimsationyef the page oot f)e$1§mg Rfﬁ’g? rag¢ of 10.2 kiz.
ThélsE fné ¥alt DU fehin R Sperdkiff @dqdecyt Jﬁh@lﬁ/lﬁ:mﬁdﬁ““ﬁar@%&ﬂ which in
e |na stage prints the six channels of bi-Ievel
the durend d¢sign (ekereliudiily. f | xative) to the Menj et TM
printhead 350 via the printhead interface 768.
NPS096- SG 77 When several print engine controllers
COREOUsPN: used in unison, such as in a dupl exed
conf iTae prkdr® ﬂmveﬁtlmmaﬁb@nslymhﬁbnitli &tﬂerm'ca t@a piefared cinbeviment

sync Ssi naI 7 ly on r|n sel .ec
and, hoio af aiteierlierae SRRl oRore vl e upREEE & those
skiflddNf 8¥N@leSird rf&hdsﬁﬁb} @Hiuﬁib&hef osbaeabodimass, diffeingr froh those
engi ne controller 760 cqntains a. Io§%§$ee roc

speyrﬁgal{ryogiescrg:sﬁﬁcw}lbﬁ S%Ifﬂb withim @ﬁgsglrlé)ga g preselﬁ mvention.

Ac&ﬁdnﬂ@pl #Gvildi HRElddB8ood @i itgUinh&iioh he np infbhb@iaﬁb B50mitedto the
|'ow- speed serial bus 773, and control|i

speglfﬁé spbedimentyfescraped in By gresqnt spepibicaiinn. Pelpdipg H@C“B‘F‘“F fpgorporated
by %Espl%&?en% b BhoprinREThIR R bifthe RVEMASs ARG Ninfifell BY hedhtached
ter pages per mnute along the | ong di nension of
ChﬂM@ page (11"), giving a line rate of 8.8 kHz at 1600
dpi. In the 12" versions of the netpage printer, the
two print engines each prints 45 Letter
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pages per minute along the short dinmension of the page

(8%"), giving aline rate of 10.2 kHz. These line

rates are well within the operating frequency of the

Menj et TM print head, which in the current design

exceeds 30 kHz. CONCLUSION The present invention has

been described with reference to a preferred

enbodi nent and nunber of cific alternative

enbodi nents. However, it will be appreciated by those

skilled in the relevant fields that a nunber of other
gnents, differing fromthose specifically

described, will also fall within the spirit and scope

of th e k V. ' -gAgéé%d' i |

1'under%t g%lgﬁﬁghrﬁ;tv idtgh%pitglﬁl\q/&ge}%ttnllon s irﬁ%gﬂl n(%alégngié%ntloag Elgm data

whenishiddsehoing devics deandved ehinoe itorantegiodesics istifake, the haface

oA aor S iy B B SSRETLS, e i
o8 O By g R By O T Bl hL o

tagemeltiiatthe gegi @g it codbendatd peidatassoajackdnwitle aefigitad @kescription of
. when _sai d sensing device is noved relative to a regi
c

ther sugfage majptained gy & formpuder Hatenh gvhénhs poidentifigh Ry th arggion

) , ' S h di dat

1clﬁhgtﬁﬂh'te§¥ns§$g (getwﬁ%gcgéﬁ)g%ﬁ%a?egfgﬁoolf n?heasﬁr ?gcgnand a

| ocati on and orieptation o[ t he resg}g tivg dtag(% ithin
the rBgFHNe MTEo RIS AR 4° FRapt s b tiegodgd Jissn thy sensing

midhith HadngdeRasihPhkign of the surface maintained by a
comput er systemwhich is identified by the region

identjt nsj Vi 4 S1 0G0 Siqag:
mean sél f%PCés?gﬁs ?(%g g%!%gaftg%s % é“gz%ﬂr:rgaggl?&f I’ﬁ@&g %Ig% 3&? aig?g ﬁht?/ h%ata
evedsd by atnieasisoneavl nige aermed shghy movesient dptaoadsg ahe flavation
generati ng region jdentity datausing the jdentity data
a

encrdertiBy ablFagsomeafithe sensed tagseandoricatntion glata bihGheasing the
e . ' _ ¢
oAl bR G e S B il SR STy e
seBking Ntheédns 0 Baié noewtetknb Yaat cdremssing data akgdrbidgsaosankt agsthe
with the sensing axis of the sensing neans, said
deviseereative dathe wainmy ah thy Aignitipe daladiomprisigedatn reggrding an
o%é?][?atioﬂ%‘f'ﬂ‘f‘eedefv?éeargfa}é€e [oAnk P%i&{f%&m and the orientation
ata conprising data regar

ng an orientation of the

device relative to the reqgion;. and . .. .
communications means co 1g_!,‘%1recf1 to communicate the region identity data,

the movement data and orientaiton data to the computer system.

2. A sensing device according to claim 1, wherein the coded data includes
periodic elements, 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 periodic elements.

3. A sensing device according to claims 1 or 2, wherein the motion sensing

means is configured to sample the posiﬁon of the sensing device relative to the



commuini cations nmeans configured to communi cate the
region.identity data, the novenent data and
orientaiton data to the conmputer system 2. A sensing
devi ce according to claim1, wherein the coded data
includes periodic elenments, the notion sensing neans
bei ng configured to generate the novenent data on the
basi s of the sensing deviceéﬁonnvenent relative to at
| east one of the periodic €lenents. 3. A sensing
device according to clains 1 or 2, wherein the notion
C o . ¢ Cion of
R YR in BRI ARTAPHCRRY (pRRAR, eriRchiRhl ki
poi nts or periodic elenment, thereby to generate the
novenent data. 4. A sensing device according to claim
3, further  inc]uding a distance stinmation ans ..
dconf i GurERping deice e arding 19 Rk Jof MRE J) g 2 distance
egﬁﬂ%&fbﬁ thé ctogﬁ%m%@ft@ eSiste ROAiRhSceOs! (8 TskiRHL IQL&MRB- the
. sensing device according to claim4, wherein the
refasmeepoiEtts bopaioddasisments configured to communi cate
di stance data to the conputer system the distance
data being indicative of the distance. 6. A sensing
devi ce according to claimb5, wherein the notion
5S€nsi NG;ABARYevitd aGRihg W &dint 9, WBGefnBe bhi@ARAtions means
estimated by the di'stance estimation nmeans to resolve
issconfipered ¢ coramenioats idjstance dhtatth thegrmmgiutey syRtem ctbe distance data
indicated by the at |east one reference point or
bejng F%@?S&‘V%Pﬁ%ﬂm%ﬂ%ne. 7. A sensing device according
to claim1, wherein the processor is configured to
generate orientation data using at |east sone of the
coded data, the orientation data conprising data
6r egar di segsinp elevice entcading o ofaimtfe whetdin ¢hermpaen sensing means

BRI B aE S 5T, MG o
1&ORBUThGR R clR g{sﬁ%ﬂt(ﬁ{tﬂl@ Beridp el Re (thte IBAIXRIEH D the at least

system 9. A se ng device according to claiml,
ofigirefdrenceipoit wd peripdic atemenedorse. configured to generate
atime reference as the sensing device is noved
relative to the region. 80 10. A sensing device
according to claim9, wherein the comuni cati ons neans

7S CORficuingdetife GRBTAAE EALIRINk Il RhéEBInahE PRResBE & doafigured
the conputer sytem the tine ) )
to generate orientation data using at least some of the coded data, the orientation data

comprising data regarding the orientation of the device relative to the region.

8. A sensing device according to claim 7, wherein the communications means

is configured to communicate the orientation data to the computer system.

9. A sensing device according to claim 1, further including timer means
configured to generate a time reference as the sensing device is moved relative to the

region.



reference data being indicative of the tinme reference

of the novenent data as generated by the tinmer neans.
11. A sensing device according to claim1l, wherein the
conmuni cations neans is a wreless comuni cations
means. 12. A sensing device according to claim1,
further including a force sensing neans configured to
sense a force applied to t surface by the sensing
device. 13. A sensing device according to claim12,
wherein the communi cations neans is configured to

onmmuni . f.or. er, ;
107 con e HEIEE adtRlnd B (2 DOTRALE hE YShAEhi s means
isS@nSighgd de\coagnwaicns dinegefeverck alata th2he comphier sytem, the time
i ncluding a _stroke detection negps cqgfi ured to

e

refereecet datpybeipg, ingicative 9foeetimgHeterente i MgVeReAt dota as
S [ . surface and renoved fromthe
ggl}fﬁ%ﬁ(ﬂ@% &jtg tmrleq nIl S

hereby 10 identify the duration of a
stroke. 15. A sensing device according to claim1l
further including a marking nib for marking the

surface. 16. A sensing device ?cc rding to claim.15,
Iiher erSenfiBg §evise Agrordng teclpim | wherpin e Fomppmigalions neans
. Or n A 1ng device according to claim1,
lsv@nvé'{r%glfshs %%égn%%cégngg%%ghgl?s substantially invisible to

t he unai ded human eye. 18. A sensing device according

to claiml, wherein the coded data is printed using
lé.ﬂfer ?rﬁfe ge@:sggd;%g‘gt q?cggq%%n%gtodg\eﬁn? , ?E;Jthrég 112(33(%?1&1 Séll f{)?cel snensing

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 of the force.

14. A sensing device according to claim 12, further including a stroke detection
means configured to detect, by way of the force, when the sensing device is applied

to the surface and removed from the surface, thereby to identify the duration of a

stroke.

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.
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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.



