SENSI NG DEVI CE W TH | DENTI FI ER  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 which can capture -
drawing or witing information applied freehand by a user to a surface.
The invention has been devel oped primarily to allow a | arge nunber of
distributed users to interact with networked i nformati on and applications
via printed matter and hand-hel d optical sensors, thereby to obtain
interactive printed matter on demand vila hi gh- speed networ ked col or
printers. Al though the invention will largely be described herein with
reference to this use, it wll be appreciated that the invention is not
limted to use in this field. Various neth ixstens and appar at us

relating to the present i nv%EN$'HﬁD£VéC%WéTd1@§§a' ERthe follow ng
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PCT/ AUOO/ 00568,  PCTI AUOO 00569, PCT/ AUOO/ 00570, PCT/ AUOO/ 00571,

PCT/ AU0O/ 00572, V35285 /maliRdey 8 804 pperota URiESing) 95t Pressr fvaitienciep disclosed in the
PCT/ AU0O/ COBT¥iBs co-pRaiTE AbioEb B EET 7y, theDTitaMdOSND8HTE: prR@TAvAIO0HBBETAsly with
PCT/ AUOO/ Q@58%nt RGEEAAUO0/ 00580, PCT/ AUOQ 00582, PCT/ AU00/ 00587,

PCT/ AUOO/ 00588, AL00/:0055:
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Presently, a usefcrfluodooS9ReaRbo/mYLIRMAUIHSA! POt At RER! /A%(ydasé he system
using a nonitor mouse for

ot gt o e s SN k8T haR S S BOR A hclo
rel atively bul kyPCARHOUBROFETHARRY W57 WFWWﬁéﬁCWW@éF%’ﬁT/pHW%@an be
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lacks the abili tP%T/EABOO/OQ.%? 8¥/AUXM/OE)§]73 %%IF/R{%O%OS7§ ?’CE'/V\@&)%OWS PCT/AU00/00576,
PCT/AU00/00577, PCT/AU00/00578, PCT/AU00/00579, PCT/AU00/00581, PCT/AU00/00580,
PCT/AU00/00582, PCT/AU00/00587, PCT/AU00/00588, PCT/AU00/00589, PCT/AU00/00583,
PCT/AU00/00593, PCT/AU00/00590, PCT/AU00/00591, PCT/AU00/00592, PCT/AU00/00594,
PCT/AUG0/00595, PCT/AU00/00596, PCT/AU00/00597, PCT/AUQ0/00598, PCT/AU00/00516,
and PCT/AU00/00517. |
The disclos_ures of these co-pending applications are incorporated herein by cross-reference.
BACKGROUND
Presently, a user of a computer system typically interacts with the system using a monitor
for displaying information and a keyboard and/or mouse for inputting information. Whilst such an
interface is powerful, it is relatively bulky and non-portable. Information printed on paper can be

easier to read and more portable than information displayed on a computer monitor. However, unlike

a keyboard or mouse, a pen on paper generally lacks the ability to interact with computer software.
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NPS035-SG 2 OBJECT It is an object of the present invention to conbine
advant ages of pen on paper and conputer systens. SUVWMARY OF | NVENTI ON The
present inventionh 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

i ndicative of an identity of the region, the novenent data being indicative
of the nmovenent of the sensing device relative to the region, the surface
havi ng di sposed upon it coded data indicative of at |east one region
associated wth the surface, the sensing device including: region identity
sensi ng neans configured to sense the region identity data using at |east
sonme of the coded data; notion sensiogJe®rns configured to generate the
novenent dat a; agp.sca%rgguci ei}ons eans ctonfilgur edg, t o comuni cate the
region identity data and the = ROVEnBRFIFaP £OPE 2 WyiAse: UrPer 08 Passy and

Pr ef er abl ycompyisr sygienison sensi ng neans i s configured to generate the novenent
data using at |east sone of tQQMﬂfA%ﬂIWQN M e preferably, the coded
data is also indicative of a plurality o re?erence poi nts of the region,
the notion sensi A§° RESASMEEIMGelREN P 3ytmdeg depiog fn srsing reghae idswiredsninddat a on
th;a basi s gderbtig molsmsni dagj iRy meéﬁmmﬁmm&}e%ty@ alr i‘%t"é Leaske, (MlaedOf t he
reference | - n al ternative enbodi nent, the coded data jncludes
peri odi ¢ eﬁglﬂ%ﬁgns“,ty ({gﬁge%’t“‘lth(c)aﬁwe SRR s e thn BOtBIR (et Ptng indiraiener at e

t he noveneeftthaimevgment of fhe sipsiag devisk rdldtiee Balrsiegion, desiudet Bavingwispiraipos @l at i ve
to at |eas&od&ﬂﬁtaq}fdicgtn@oﬂ?fe?s?%le?egﬁ)%xgs{g&ﬂﬁeﬁwit{l Bhe Surfallf &Q&Lﬂngﬁpv?cgl rc’r:-fs%urill;l the

movenent sensing neans includes at |east one acceflerati séf’n I'ng neans,
the accel erati on™§8R&eHty frasirecmesns pietsAtq yaredl regionsidmiy dafe seidecst deston of
t he sensi ngme dftkd codeddsa;i t 1S noved relative to the surface region, the

novenment sensing_neans being configqured to enerate the novenent data by
periodical ly sarrpmf)nipoﬁéenﬁ}l m%lcccé’f'ﬁ] ae?%édgﬁ’.]e etget‘g?vglge“ééf‘&’ %f’gvant ages of the
present inventi ofPriupicativescmeans apnfigwrehto fouommickte teolegionidagity desaid pei on of
embodi mentsovthar &afto 2 Q¥np¥esydm. €xanpl e only, with reference to the
acconpanyi ng dr%vxg' ngs. BRI EF DESCRI PTI ON OF DRAW NGS Preferred and ot her
enbodi ments of t HECTRRFIFTOHA SRAYE mept rantisnssd oigpnstrte thymayemeniataygvgat | i ni ti ng
exanpl e orléaytsom dfthec@feddaence to t he acconpanyi ng draw ngs, in which: Figure
1is a schemati CMQlfe p?efe;'alg& hé J:o%gd c%&sxshzlll&) i111)£<¥a ve(:'z)?a%‘)lulsaf}grﬁ'))lC leefe eLéer})tC)L%g op t%g page and

its online page . ]
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.

In an alternative embodiment, 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.

In a further embodiment, the movement sensing means includes at least one acceleration
sensing means, the acceleration sensing means being configured to sense acceleration of the sensing
device as it is moved relative to the surface region, the movement sensing means being configured to
generate the movement data by periodically sampling the acceleration.

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

BRIEF DESCRIPTION OF DRAWINGS
Preferred and other embodiments of the invention will now be described, by way of non-
limiting example only, with reference to the accompanying drawings, in which:

Figure 1 is a schematic of a the relationship between a sample printed netpage and its online page
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NPS035- SG 3 description; Figure 2 is a schematic view of a interaction
between a netpage pen, a netpage printer, a netpage page server, and a
net page application server; Figure 3 illustrates a collection of netpage
servers and printers interconnected via a network; Figure 4 is a schematic
view of a high-level structure of a printed netpage and its online page
description; Figure 5 is a plan view showing a structure of a netpage tag;
Figure 6 is a plan view showing a relajionship between a set of the tags
shown in Figure 5 and a field of view of a netpage sensing device in the
formof a netpage pen; Figure 7 is a flowhart of a tag imge processing
and decoding algorithm Figure 8 is a perspective view of a netpage pen and
i ts associdadcagtionag- sensi ng fi el d- of - vieM/cone; Figure 9 is a perspective

expl oded i age.pen .s in Fiqure igure 10 is a

schemat i C\%%%Yéfczgﬁ d%cge%ragc ‘;“R‘f anReé‘hcn%ngB ntrol ; g% 8¢ ﬁéépaﬁee‘g’ﬂ%énﬁ%aﬁe REdHwn i n

Fi gures 8 &M aﬂ@)anemawr’lélcﬁmnﬁ@vea perspectl ve view of a wall-nmounted netpage
printer; Eﬁ@ifé@@llu%@atés% cBllediB bl roPagk BI-dg ﬂrﬂ%rslnﬁg}g&ﬂecga vih Do) 1o§£ page pri nt er

of Flgure 11; ‘f 9 12a is an enlarged portion o gure showi ng

section of #¥e* Hupichsate KFY wf aé‘l‘é’é‘llﬁ’é’swﬁ?fﬁfe °§Pt§’§n%ﬁfé?ag"a§§elﬁtﬂn§me Ifag‘gur e 13

i s a det aidtsedbtivh;ew of the ink cartridge, ink, air and glue paths, and print
engi nes o rinter of Fi ur es 11 and 12; Figure 14 is a
schemat i chBgH%%ls atélgir%g"r%nh &4 S IRCE R "E5RY D1 | er for the netpage printer
shown in ﬁlggfaréessaplﬂweawuo“l@arﬁwgmb@ eBreprsa sat of Gh Ggathbwen i Figode Sandxgfiehin of

dupl exed pf‘hemofgagﬁ,dggsemtdg‘ggellﬁ,ﬁ&ogpgkal}{gm g&g‘ LN printheads associated with
t he printF ntroller shown in Figure 14; a?ure 16 is a schematic bl ock
di agr am of S¥Ré S5feRthag tﬁ%mﬁﬁﬁF?ﬁPW§Wd§ﬁ8WW gitgures 14 and 15; Figure
17 is a péxgwpéqstalpwevtivewmﬁfaaaemgagl:ﬁn%ms@h?tw@g sehdigTR1dRk GBR Bdne; as used in,
for exanp nt er..of Fi gur S i Figure 18 is a
perspectl5gm3?g%pgﬁg&ggggPﬁwvwWOngmmﬁg Tay I%gﬁﬁétTM printing el ements;
Fi gure 19Fipwe é°1§éﬁqh@%aﬂ?)¥1°q5éraglf§@@f meecmﬂeﬂes fqrthhu@magemmslg»wn FigmpeB atdi ng cycl e
of the Nb%]etT printing elenment shown in Figure 13; Figure 20 is a
perspectlﬁ FM/Of a short se nt of a pagew dth MenjetT " printhead;
Figure 21 F8°a l§%ﬁeéﬁ‘?§°f“(e“e\)”°é\7vw -mgunipd Betpagy IRET i agram Figure 22 is a
schemnat i cFigireid ipd seetiop thirauglethe ehesisd tid inetpppa printer of Figure 11;

Figure 12a is an enlarged portion of Figure 12 showing a section of the duplexed print engines and

glue wheel assembly;

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

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

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

Figure 16 is a schematic block diagram of the print engine controller shown in Figures 14 and 15;
Figure 17 is a perspective view of a single Memjet™ printing element, as used in, for example, the
netpage printer of Figures 10 to 12; _ ,

Figure 18 is a perspective view of a small part of an array of Memjet™ printing elements;

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

Figure 20 is a perspective view of a short segment of a pagewidth Memjet™ printhead;
Figure 21 is a schematic view of a user class diagram;
Figure 22 is a schematic view of a printer class diagram;

Figure 23 is a schematic view of a pen class diagram;
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Figure 23 is a schematic view of a pen class diagram NPS035SG 4 Figure
24 is a schematic view of an application class diagram Figure 25 is a
schematic view of a docunent and page description class diagram Figure 26
is a schematic view of a docunent and page ownership class diagram Figure
27 is a schematic view of a term nal el enent specialization class diagram
Figure 28 is a schematic view of a static el ement specialization class
diagram Figure 29 is a schematic viey of a hyperlink elenment class
diagram Figure 30 is a schematic view of a hyperlink el ement
specialization class diagram Figure 31 is a schematic view of a
hyperlinked group class diagram Figure 32 is a schematic view of a form

cl ass di agmgma24lﬂ@h&rﬁnﬁ&vdo?a@apgmﬁdmlahﬁéﬁaéw of a digital ink class

di agram Fl; urzeg 0S8 sch S tic view of a fJeIld gl enent specialization

cl ass di agrafi “i:asﬁ Rfpaticgaew of 2 Qocupepl Y PRES O EREOBIE iR kbox fi el d cl ass

di agram Fﬁlgm% igGschegatic viphd Addchpeny ingd\wagefowaerdhipxtassfdiagtath; cl ass di agr am

Fi gure 37 F1gﬁu@27§scmtaﬁc%ew o?xvte%naﬁ‘eﬁﬂl&p%gé‘qhgau%ﬁ g%gdlg%ﬁgs di agr am Figure

38 is a flowchart of an input processin ure 38a is a
det ai | ed fHSHEAdyaschsmatisryisweof eﬁattﬁfeleméSﬁepleimtwaﬂessé@m,gure 38; Figure 39 is
a SChen’B.tIEguHEW&Ehe&atR@%o?@ﬁ%&{mm&ﬁ nt class diagram Figure 40

is a schemati view a resou dscrl n ss,.diagram Figure 41 is a
schemat i cr%"ee\c/gvoésfaséeF%{fd? i% PP CIIgRS "tfﬁagzé rf'F‘SS ’dﬁ‘?e 42 is a schematic

vi ew of aFllausmns)asbhesuatlcwiemahtlpagm«hgrouﬁlagsm@ra& is a schematic view of a
subscrl Pt il ld MO Mo AL QP Plomm cifsh fif:finA7 15 @ schematic view of a

hyper | i nk request cl ass ram Figure 45 is a schematic view of a

hyper | i nk FE Siseimpicotey bt disitabplyelpsediaganis a schematic view of a form
submi ssi omgafeom@@&hcmatﬁlvg%ea feld didnedt sﬁ&hﬁﬁ?&dcﬁss\/dla@yxmof aI corrmh55| on paynent
r ot ocol 8 is I a pen optical pat Fi gure 49
:Os a rovmf‘FmegylS Séhem 4 ewo %1%?% (@‘f%ﬁédgiﬁd?ﬁﬁ“ gnd Figure 50 is a schematic
vi ew of aFrgaw3é|ng|8¢halhatlc mkwef ate fidi elgss disgraETAI LED DESCRI PTI ON OF PREFERRED
AND OTHERFEMBGPINENTSuic Ook 6 o AR S bbbl aBghiiade mark of il ver br ook

Research Pty Ltd Australia. In the preferfed enbodi nent, the invention is
confi gureE‘g’c‘rB %FI@OW%“%EP‘I‘?@{%%@%“‘%%%rked conput er system a detailed
over vi ew dfgweldiha deelilbdwschattiof sie ktep SrehedRRERE bati@e: I8hat  not

Figure 39 is a schematic view of a page server command element class diagram;

Figure 40 is a schematic view of a resource description class diagram;
Figure 41 is a schematic view of a favorites list class diagram;
Figure 42 is a schematic view of a history list class diagram;
Figure 43 is a schematic view of a subscription delivery protocol;
Figure 44 is a schematic view of a hyperlink request class diagram;
Figure 45 is a schematic view of a hyperlink activation protocol;
Figure 46 is a schematic view of a form submission protocol;
Figure 47 is a schematic view of a commission payment protocol;
Figure 48 is a schematic view of a pen optical path;
Figure 49 is a flowchart of a stroke capture algorithm; and
Figure 50 is a schematic view of a raw digital ink class diagram.
DETAILED DESCRIPTION OF PREFERRED AND OTHER EMBODIMENTS

Note: Memjet™ is a trade mark of Silverbrook Research Pty Ltd, Australia.

In the preferred embodiment, the invention is configured to work with the netpage
networked computer system, a detailed overview of which follows. It will be appreciated that not
every implementation will necessarily embody all or even most of the specific details and extensions

discussed below in relation to the basic system. However, the system is described in its most complete
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every inplenmentation will necessarily enbody all or even nost of the
specific details and extensions discussed belowin relation to the basic
system However, the systemis described in its nost conplete NPS035SG 5
formto reduce the need for external reference when attenpting to
understand the context in which the preferred enbodi nents and aspects of
the present invention operate. In brief summary, the preferred formof the
net page system enploys a conputer integface in the formof a napped
surface, that is, a physical surface ich contains references to a nap of
the surface maintained in a conputer system The nmap references can be
queried by an appropriate sensing device. Depending upon the specific

i mpl ement afbdnDiB redhdd@heHBR f6r@k i@ ReF@encéWben BRnPHRGAS @dersttidSheltbitexdin whitk insi DI Yy,

and defined in such a way that | ocal. query on the mapped surface yields
an  unanbi ST e%%f’gmf’e@?3‘\%@??8%5‘ffgteﬁreﬁnf‘ﬁ%ﬁmi“ﬁgﬁ%p and anong different maps.

The conput er sy sindmieCsammarg,alrt meferred idrorofitit noprgafyster eth@as a c@gpuenintiee mapped
surface,  apfe #tahse b REDEIBIQ S &M A6 lELIER R (ARES LiPRed B, hbplcBRENCES
suppl i ed by a se_ns%n &dew ce use’da%??{? %lﬁjé mappggl surfeacce. T%ea%ion_ or nati on
t hus r et r iB¥asel RiRRined ed HPUFDIREBT ThicpaporiSrepdss et brauericd by jap pRRIoRHgte t he
conput er Sysing e, beb@lidy Wbn thb EpeciBP BiphdnRhitatio, he HRORERNED nlaf18e RREJAt Or ' S

interaction.Wwth the su ce featfures. In its preferred for t net page
system r ehid Simiskl: SHARER B AREA %t i fuY f B HEReb Re ot 4B, pagos.
These ar e upagpissiowimap egfetrencegrothpithingheaung andargesdifirénnihed Thecampdiersastom aper , but
Whi ch wor ko didik 6 edridfefh A6dut Y5 B &@%ﬁped!sgffa%rm& bR kP2 gﬂ.ﬁ& Qhe@Ch page
using ink which is substantially invisible to the unai ded human eye. The
i nk, howePard o refrercehyPripbbYATERSEE detics vsed #ifh thp manpehweere ke feragicR cal | y

i magi Ng petis seaidvddreadsied thelfereh df Getibibevhite bid GRited B the Bomphidr dydien ¢ RhEor@e form
active butote(gagr.arrgd lt%ped;l i nkts,cmt eqchw%a e C nfbe clicked with the pento
request i NFor At On T rom PREhEEREFR™ 8 Yo~ ST GAAI"r ef erences to a network
server. I n one Ilenisoplefameadt forn,eth¢ nwipage tsgstenbyelibsapd ttnpredurten pdgendi lgiman
automati c Q{ltér%_ti&ﬁ\ﬁ@g&'tp%&g TREd o 95%%@5&&9 gga?ucﬁ M&g@g pn'nEeg &E orliiﬂar; &%@rﬂﬁﬁ page
system allowng forns to be filled in, 1n other enbodi nents, signatures
recorded it éi"°%e‘fkﬁ dywachye weh paseia firmptiop i, encpded @y each Ppgsviisig “E‘-‘E‘Efg‘ﬁ%r ce
transact i enStadtiallybiavisie wrthd yhaided Humbd &e.drhe Ak, howletts tahdihaebyithie dodgua®, cin a

printed n . can represent I nt tive formwhich can be filled in
by the USE%Q%%?W%R éclaﬁa fi%/u,lgpg?]a“t%rt]rémsﬁl?{e% oéhcfnf)tg&g?y%ﬁd "electronically", via

comuni cat i on Hethgewferedhiom apfiva ejtopdred heepinksoon sgob peghcaneelickediit] the shows a

"Request’ penf @rEGuéP HicdndtoR SroR ARk 02 A8l preidr@bd S0 ARGwatk S6HUN Th oBdIt t ON.
The net page consi sts of grgﬁhl c data 2 Prl_nt ed usj ng (¥I Si blcg i nk, and
coded dat gm‘sodmef“n*f’&am&%“b b 1o B BEHABH BOTALGYY HoRrHG™T HOTEPDP EOTHKT The

. COr r espondkiig the agipage she®my dliping fortbs to B¢ Hlleddn. Gmothdn embreinpag Sighairssaedirdedlescr i bes
the indi Vbt@%l‘pa%' a?ergﬁahﬁtic IzyJe i d,na?&%ﬁgﬁc rce BQnrchh&H loabre séc&relg lﬁﬂ;ol;i&éa.es t he.
type and spatial extent (Zone) of each interactive elenent (i.e. text field
or button in tHeidmRdRFigue & arinsdnetprge hemperirent y dtessiiedormorhicent y
i nterpretbd MRY N Byt ds@Botl BLRRYE; onlthiSprinteld BB Land Widc@dhicBily” [ v cofaiiftién has a
zone 7 whkch corr esc&ci)glds to the spatl al extent_o t,hfe -
etween the pen e netpage system. The example shows a “Request” form containing name and
address fields and a submit button. The netpage consists of graphic data 2 printed using visible ink,
and coded data 3 printed as a collection of tags 4 using invisible ink. The corresponding page
description 5, stored on the netpage network, describes the individual elements of the netpage. In
particular it describes the type and spatial extent (zone) of each interactive element (i.e. text field or
button in the example), to allow the netpage system to correctly interpret input via the netpage. The
submit button 6, for example, has a zone 7 which corresponds to the spatial extent of the
corresponding graphic 8.
As illustrated in Figure 2, the netpage pen 101, a preferred form of which is shown in

Figures 8 and 9 and described in more detail below, works in conjunction with a netpage printer 601,
NPS035-SG



correspondi ng graphic 8. As illustrated in Figure 2, the netpage pen 101, a
preferred formof which is showmn in Figures 8 and 9 and described in nore
detail below, works in conjunction with a netpage printer 601, NPS035-SG 6
an I nternet-connected printing appliance for honme, office or nobile use.
The pen is wireless and comunicates securely with the netpage printer via
a short-range radio link 9. The netpage printer 601, a preferred form of
which is shown in Figures 11 to 13 and, described in nore detail below, is
able to deliver, periodically or on denand personal i zed newspapers,

magazi nes, catalogs brochures and ot her publlcatlons all printed at high
quality as interactive netpages. Unlike a personal conputer, the netpage
printer i SnaiterddPdoneti Privvdl GPpla@Rd Hiehomt ocrfﬁce%aimdxeeusevmelpemwme@si 238l acent
to an area where, the news .i s fir t cons such as in a wuser's
ki t chen, ﬁgﬁ?mﬁmﬁ?%ﬂﬁgngﬁnggﬁPg?p8W“H?§P‘Fﬁ?mﬁ5§g§ﬂ5?d s point of departure
for the day. |t Eiesetpage@nuater 60h, 4 priofeetdoform deshithol shovarit Alglres Bing 1iand at ur e
versions. JNeLRages,fl 'dQLIE%elﬁ\L Ishd%ie opé?éh{)ér ngiaa‘f ?LU?%' &hald fIBIf;éL@hzfeJi‘e

ease-of -use of paper wt |ness eract|V|t%
interacti \ﬁéWSﬁﬁ’diSumga%&es staBiRes: |bf?°1Fi“§ (#p@ other puplicatinss, pl paintsd At g avality @8 act s
w th the Q@Q&dvdiatpagep Unﬁ(elalbérﬁﬁnﬁ@om;ﬂﬁi' RRGEpake pier QAT EPPRhdc SRS cat/ bedfoR
short-rang % ) he interaction tqQ a netﬁ%@ rinter. The
ot or ORPTEEHR A LG PG B TSR PR FABE R 8 e 10
for i nter pse€s kitchanneat nbregfiptrtayhy, bodesr thé luomeh@d amsof déphmarrpfagihe 891 elko sends a
corresponq&ﬂgun§§§$g§ﬂ&g,ﬁgghéﬁﬁﬁhgﬂmgﬁgg software running on a

I C

net page application server atlon server may in turn send a
response whi ch iNetages ey & heif pintof F‘tj‘?%t“?ﬂrfgmb‘ﬁ? the ease-ofppreof panepifebsy st em i s
made COnSItlﬁa[naebhr)ﬂﬂ&ﬁcﬁw@(ﬁﬂyﬂﬂkﬁ&{wm@dl&me preferred enbodi nent by being

used in conjunctjon wt peed mcr eJectro ha stem ( MEMS)
based i ni et (vt e RO Suc Ret y BEmEBee SHF B 2Pl g Y Binred
technologyﬂm@elamuvemymhmghmapaedmaﬁdmmxngqmamkﬁwmmpqanmpumyan'W&de nor e

af f or dabl grih@ @ NSIEBeSintetablioh S ﬂlQJ RieCluf ‘ﬁleang E@e QrBe 1P 8 SRl on has
the physical characteristics of a trad |t|ona newsnmagazi ne, such as a set

of | ett er 2RPfOPEaly plEumIanaes the PAgE PeRYSR gPnds 4oquigippnding| msssagsnto gpRlisation gREptety o n
t oget her fofifvare athing au | aGitphgnapplivdticaasivar 13althe agpaaaddn Rever MeinnahRa@e pri nt er
of broadband I nternet access. Cable

exploits i l.abi.l.it
service |£q§$%ﬁﬁykfgn$ c@§@f3?mﬁo%%mﬁolds in the United States, and cabl e
modem servi ce oflhendtnege sybem dsckhasda donsiderebinmore genyenient méhﬂair‘?fer&dymbaﬂailehabl eto

20% of t heys&mglltea i 83nRAGEn Rith agﬁspemﬂc@él&qo&&mmesystém mm)%a mk_let
connecti on with | onger delive wer | mage qua

| ndeed, t WFREY é)@ﬂ?j’éers Inhg @FFF‘E":Qrf°’B‘e°fétHsatB‘fhé‘d°%Xs‘ieﬁb"e{¥>Pi‘ggtsi’eﬁ@a’t?d‘f’??ﬂ??é‘fy i nkj et
and Iasermpmmnﬁam&umaémﬁmmghtdhmmmystmnmmm&hmimpemaheqﬁmmmmsb@mhymand\MII

therefore l%ﬁcal ﬁ%&ct%&c@ 8% aaipadglollia'i Qéwsrg gl z!s a%et%?ieﬁgr-si% %lgssfﬁg €s Prlnt%t her

enbodi nent e netpage systemis private n sti
ot her e nb]@é.}llnaglm @1 bothjgides, bound together for easy nav1ga’uon and comfortable handling.

The netpage printer exploits the growing availability of broadband Internet access. Cable
service is available to 95% of households in the United States, and cable modem service offering
broadband Internet access is already available to 20% of these. The netpage printer can also operate
with slower connections, but with longer delivery times and lower image quality. Indeed, the netpage
system can be enabled using existing consumer inkjet and laser printers, although the system will
operate more slowly and will therefore be less acceptable from a consumer’s point of view. In other
embodiments, the netpage system is hosted on a private intranet. In still other embodiments, the
netpage system is hosted on a single computer or computer-enabled device, such as a printer.

Netpage publication servers 14 on the netpage network are configured to deliver print-
quality publications to netpage printers. Periodical publications are delivered automatically to

subscribing netpage printers via pointcasting and multicasting Internet protocols. Personalized
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net page systemis hosted on a single conputer or conputer-enabl ed device,
such as a printer. Netpage publication servers 14 on the netpage network
are configured to deliver print- quality publications to netpage printers.
Periodi cal publications are delivered automatically to subscribing netpage
printers via pointcasting and nulticasting Internet protocols. Personalized
NPS035-SG 7 publications are filtered and formatted according to

i ndividual user profiles. A netpage prjnter can be configured to support
any nunber of pens, and a pen can work wth any nunber of netpage
printers. In the preferred inplenentation, each netpage pen has a unique
identifier. A household may have a col |l ection of col ored netpage pens, one
assi gned tpoblieatidls afile@d and @rmhtee adcarding 1.indhidusl uedr bofis. each user to maintain a
di stinct proflle mnth Hm? spect, to ngpﬁglt bI| on server or
appl i cation server: page - penctan s gfg R 82 RA °F % page
reglstratN@hm@éwmbrOmﬁm@wwnmmnMedwmoﬁn@hembmmmmmeegayﬂﬁmemmamdua@meunts

Thi s al | o\@nfier ATHIRERE RAMIRM S11dcQond cAGEHBLYE BKE HQ aéséﬁ to &3k Adudele

net page pen. The netpage registration server conpares e sighature
captured B§he#Rily,Ihisallws eaﬁ*éwew f“hmtémﬁfiéwcﬂﬁ%ﬁlilmﬁbégﬁp%"f ©ra@gtpage g‘ﬂ%tfauﬁre

al | owi ng sérvetaraa;utchﬁﬂﬁer@ate the user's identity to an e- commerce server.
O her blorretrlcsc sed ovelf i dent i rsioQ f the
net page pen incl ik enﬁane?sog’len ISEICSH?‘I AgeP z\?%felgﬁsﬁméénfeﬁve'é 1%%&%@ by
t he net pages qfegar%mmmt ond S@mfmr ThifpHdws wghmaercraiapages tpibe sdcerly aioridel | ver
periodic ahﬁng%&l@tp@g% pznh?hemgtf):%g R iR Rﬂ@xeé’om)ﬂ\ﬂrés nlgslﬁgnatlh@ gaB\ule@ B&ﬁﬁ/ 1%%

can be confi red never to | iver unsolicited 41 Inits lfz)referred
form it p‘iﬂ‘n‘i%g‘ HRPYIQRSY Segisiered Sigraryp- Lo yighit 4 pkep %@dheo‘i‘sef(?tlﬁ@%%t%é“ &ut hori zed
sources. tamnichie Serve SPIRE bipméth® cALA1dG Ased [ Verifyddentits. AlRdréidetof@helndigagdpehi ne or

e-mai |l ac i .S .ViSi iler. knows the tel ephone

nunber or&glyf%%ﬁ%}aﬁﬂécsagmg Nﬁﬁ“ﬁ‘l\?ﬂm@?@@w&ﬁ@@ %}g@“ EACH obj ect nodel in

the systemis deédbrihettagsiprgtermaydeliveragriodale biches theampuiseyewipalivt Yithosd ass

di agram ﬁeﬁh@ﬁ&ﬁﬂi ﬁgmc5§§§k§£§e&$ d&v&%ﬁso@cjltecpﬁb]@ﬁéﬂ fl 1@?&?6§recpﬂﬂﬁwi"tct ed by
in

rel ati ons?r;ulr\)p; k of rel ationships are of erest here:
associ at i °H¥s Efpﬁ’éci‘?g?léf"?"i pegpgt or ﬂ‘ﬁerg’é%ﬂ’&"’é%eii W@%B‘r‘%‘%@?ﬁ“%‘ thenspageki nd of
rel at i onsirinpr behlile @ faxoiiclint @ e-niail @ccolt WHEEHR visbiit@AGGakatailal vahd KBSus

general i Zékﬁh%ﬁkrﬁlﬁ{)e%ﬁ ail dftd@l classes, and can be understood in the

foll ow ng way: a class 1s thought of as the set of all objects of that

class, anl ci asg‘EVRAﬁ%s‘é“T&\éﬁE@ﬁTﬁci‘ﬁEl on of class B, then Bis sinply a

subset of A Theachbbfct d@aasmnﬁbtsymnt fsq&swbea HRRGITnifRE SR T Hka )ling -
as a rectangle fga eIIed W th

i.e. classes,.of classe Each SS |
t he name Eﬁss‘%la”?émhfo‘azags‘is am°8’f‘ﬂS§| 2gseé°fs°ib§’ft° ses coppseted by relpiopsips.gpd Be ¢l ass,

separ at eckirfds ofretativeshipa are obitegestiheri a@nibtihs dnid generabiradons. An asdociatfon &éﬁ&s@ﬁer ations
of t he Cs'01§§ Bind &Qaﬁfom%e%%mb}eg? @‘tbte&xjegl%s?agclze's §1t ckgyes q)x 9&&1?28{&1 ?elat line. In

t he cl ass di apr ans whi ch however eratlons are never nodel | ed.
actual classes, and can be understood in the following way: if a class is thought of as the set of all

objects of that class, and class A is a generalization of class B, then B is simply a subset of A. The
UML does not directly support second-order modelling - i.e. classes of classes.

Each class is drawn as a rectangle labelled with the name of the class. It contains a list of
the attributes of the class, separated from the name by a horizontal line, and a list of the operations of
the class, separated from the attribute list by a horizontal line. In the class diagrams which follow,
however, operations are never modelled.

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

indicates an aggregation association (“is-part-of’), and is drawn at the aggregator end of the
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An association is drawm as a line joining two classes, optionally |abelled
at either end with the nultiplicity of the association. The default
multiplicity is one. An asterisk (*) indicates a multiplicity of "many",
i.e. zero or nore. Each association is optionally labelled with its nane,
and is also optionally labelled at either end with the role of the
correspondi ng class. An open dianond indicates an aggregati on associ ation
("is-part-of'), and is drawn at the aggr egat or end of the NPS035-SG 8
association line. A generalization relationship ("is-a") is drawn as a
solid line joining two classes, with an arrow (in the formof an open
triangle) at the generalization end. Wien a class diagramis broken up into
mul ti pl e dikdEsi@AEBae. @aNy Ccl ass which is duplicated is shown with a dashed
outline in all but the nmain diagramwhich defi i sho W th
attributes onl y*gifsPREfiqn rPlatiogeip; (&d) isdrgvme-¢ @?N@Pﬁ%"e@sﬁf SRR

f oundat i OntrrO\n(uMhbfbhnafaﬁeﬂiep&g&glé)etwekeralﬁatbmbddt They provide a paper- based
user interface t%@%blags%g&?km&{ 3 alaBb Y 315{ clalb SR Eoh i %aedlé net page
consists of a printe r sur Invisib ged with
r ef er enceshava vdth agashpdralige bedlibpt theyain fiagrave whielyds! erlltelt Brshawevity atgémtes

descri pti QpiylBerfRisAL@kAed persistently by a netpage page server. The page
descrlptlon descri bes the visible |ayout and content of the page,

i ncl udi ng text, NFBMFcs and inmges. It al so describes the input el ements
on the page, ch&qd’geagre tiebindstion ol yhiel b ndpage nedwnilk isbpilit THey plodde a phperet page

al | ows markl S e wth.a t e 0 surface to be

si mul taneous‘?‘s/%ercuré}rﬁ U ‘°8“b“5h8d mfoggaggswg%geracpwsgne? page system Miltiple

net pages can shak eetme cangitie oﬁag@n@ésvegeu (|9{ pther. sutfsouaseéon) myisibly| theged Witput

through Qéfé?&!&é@t&% dnBRkbdchiHon PABSERd. Phddstifli patd d@QH biioh RnaitRdepdilidadge 1S

assi gned un| aeld ntifier, Thi i) aSSffICI%IrI}g g%emsmn
Lo di st i nguP SHPEEPARE SRS | Bpage F%?‘&E“h‘i??%‘éﬁg%g“f“?l@et‘ﬁ‘ﬁbte? PR MEP&ence to

t he page demding pki, @Rphic = dcoged It aisoadep:lnbﬂttbdmb!agplem'&he off &g pagtetludinges t he
uni que pagg,, gdahm b ARPRGES A Ml HELLRYch A8 Glih % dolfR'ped b5 the page

descri ption. enti I'ts own position on € page.

Char act er sufapecte befimy %O%SHQ@“H@@H%IEVS@FS?%‘@CW meﬁrs@teﬂ’et ail below Tags are

printed in infr amﬁbl@&@@gepunvseare L gete) pﬁﬁb}/de&:ﬁptﬁ)hr@&v@véﬁhb efow iput through
-infrare ngths are

i nfrared- r flective such s or.
i nvi si bl e P EREHTHRES 'ﬁé’e 9‘5 éé/‘ Ft{}%%ésﬁségagg%‘?lqﬁe RGT 1 “fr B T mage
sensor w b*zeahhaamfﬁcuqnmratswntqdlmlsthQQavmbenmewnmgar ea I mage sensor

in the netpage &L ref%ggcett&'@le E:%g d%%ﬁmﬁﬁeh&@é&%%ﬁrﬁg tag,t @nd Q@ld%h&qgee SySt em
via the nearest neé%ag’taprl n en IS wreless and conmuni cates with

the net pageeprgese p&arw&werﬁba( ireqtly ddetifes thg Pagy 4ejerintipn Tayfeg plsq ent | y
smal | andideeifisats pwapdsmng@dhd gagd Cﬁal?détens{ﬁ&d’bfﬂﬁlfhg{ ot &e&bﬂbwmﬂﬁgﬂetﬂtbelo@ast one .

tag even on a s i"[lggcy a?e grln eg K, 2 mﬁare(f| a%scprpatg/gink on any sulbglp t% wthx ared r%t}l]ectn}gen

such as ordinary paper. Near-infrared wavelengths are invisible to the human eye but are easily sensed

by a solid-state image sensor with an appropriate filter.

A tag is sensed by an area image sensor in the netpage pen, and the tag data is transmitted
to the netpage system via the nearest netpage printer. The pen is wireless and communicates with the
netpage printer via a short-range radio link. Tags are sufficiently small and densely arranged that the
pen can reliably image at least one tag even on a single click on the page. It is important that the pen
recognize the page ID and position on every interaction with the page, since the interaction is
stateless. Tags are error-correctably encoded to make them partially tolerant to surface damage.

The netpage page server maintains a unique page instance for each printed netpage,
allowing it to maintain a distinct set of user-supplied values for input fields in the page description for
each printed netpage.

The relationship between the page description, the page instance, and the printed netpage
NPS035-SG



recogni ze the page I D and position on every interaction with the page,
since the interaction is stateless. Tags are error-correctably encoded to
make them partially tolerant to surface danage. The netpage page server

mai ntai ns a uni que page instance for each printed netpage, allowing it to
mai ntain a distinct set of user-supplied values for input fields in the
page description for each printed netpage. The relationship between the
page description, the page instance, a(pd the printed netpage NPS035-SG 9
is shown in Figure 4. The page instance is associated with both the netpage
printer which printed it and, if known, the netpage user who requested it.
1.2 NETPAGE TAGS 1.2.1 Tag Data Content In a preferred form each tag
identifiesg sﬂa@n fnef%pem e MR Eltadct isARBEAESwithHI tﬁ%tpk%%ﬁtb%&fpmtgmt tag
within the re A tag may al so contain flags whi relate to the region
as a whol enbi ‘r‘.?”r’tﬁ‘éne‘ﬂa&eg“serd]?@reﬁ‘l‘eS‘ﬁ‘b‘I‘e flag bits may, for exanple, signal a
tag sensi gz devi Rerphée ie8vi de feedback indicative of a function associated
with the | di at.e &;tg%ootfe Lhe tag, without the sensing device having to
refer to a escri rﬂlon SMChe regi on. A netpage pen may, for exanple,

illum nate an " alntaipyderred fopm, cathFEly iddnefiesithe redivm iz which ibéppearshgndeire| poation ofA\s  wij | |

be more clgap, L%uﬁﬁ({ﬁk AR BELMUisolcbhedin MEHRET Bitte RTRALSIBIL whAG o had
contains an easily recognized invariant structure which aids initjal

det ect i on,#%a 8 Whiter Hag it ey 1 mieAPlss Yemlge fageensw fdavite greroyly fedhask i nduced
by the surifaagverf aliynclidiaseined wl {he Qﬁlﬁﬁl&ite alef iRgss, mm;emabdnyng deviee t he
entire suf ICI S and de sel that the pen
can reli ag:?vui tﬂéfegeé?oa dchn Il one }(/)n neisp ¢ pen may, § or exe%(néaii llumj%ﬁ %ére page. It
is i nportama”ftﬂfawhenh!ehq@emqfebwgmme t he page ID and position on every

interaction w thydpg bpa&% clesty 35 Raidel %euno tnes a,eftmlréaremb@duﬁ&latea%h B8 Sontalrd afl
preferred enbodl nent, the region to refers cainci des yﬁth an

entire pag®ily reseemizedavapiang ?tﬁ‘ﬁm‘le pyhish E‘Sﬁ’é’é‘all dﬁte?‘ﬁ‘é af‘daﬁh“fhsassc‘sl‘?é? BErEEYhony nous
Wi th the pageoflahy @irp inh@ePiBgRe sDffacebr Whthe stldig bragssapipeas prefetably Gk ke entire

erbodi rrent cﬁe an? re su c1enp¥igngallvm' gense)%'at aa‘%ésé ﬁlat%e Cpeg ah rggbl a@g Qllz{]agt%ﬁy ta§ ubr egi on

of a page an c0|nc one of
an i nt er agrsnye aellﬂtéﬂéﬁk on they pagpddi ie hnpea@étheth@ peergFasnizq thy Eaaﬁmﬂnﬁ gesitioy o dent i fy

the inter a%meraaiogmepazabin@etﬂemterlaqgngah@egl eld Precision (bits) Region
ID 100 Tag I D 16 Fl ags. em%t al

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

Table 1 - Tag data

Field Precision (bits)
Region ID 100
Tag ID 16
Flags 4
Total 120

Each tag contains 120 bits of information, typically allocated as shown in Table 1.
Assuming a maximum tag density of 64 per square inch, a 16-bit tag ID supports a region size of up to
1024 square inches. Larger regions can be mapped continuously without increasing the tag ID
precision simply by using abutting regions and maps. The 100-bit region ID allows 2% (~1030 ora

million trillion trillion) different regions to be uniquely identified.
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Each tag contains 120 bits of information, typically allocated as shown in
Table 1. Assuming a maximumtag density of 64 per square inch, a 16-bit
tag | D supports a region size of up to 1024 square inches. Larger regions
can be mapped continuously w thout increasing the tag ID precision sinmply
by using abutting regions and maps. The 100-bit region ID allows 2100
(-1030 or a mllion trillion trillion) different regions to be uniquely
identified. NPS035-SG 10 1.2.2 Tag ,a Encoding The 120 bits of tag data
are redundantly encoded using a (15, 5 Reed- Sol onon code. This vyields 360
encoded bits consisting of 6 codewords of 15 4-bit synbols each. The (15,

5) code allows up to 5 symbol errors to be corrected per codeword, i.e. it
i s tol eram.2.0f a'rsglnaelsneéd.ag rate of up to 33% per codewor d. Each 4-Dbit

synbol is repres i n a atl al | ohere {}e nd. t he
symbol s of the E{‘]&SgB ﬁ?@d‘i“ e ‘éfm§[3}a/11t5|§IRF %R}f“% ??%?' St ag.
Thi s ensur;esdstSHQltncaie&)ultssbnseﬁrrg@fé@@nwc&dsrcm‘rls 4-bit $yebdls prgh. T (15.5)) eods plivts al | y
adj acent L ni mum
nunber of t% )ﬂlﬁ) In aﬁ@b{)uﬁggéggg?e%gégﬂdfﬁug%r/rtg%?&nﬁ%g?y b@ﬁeoﬁa&g ﬁhg]od t hat
t he bur st 3é apstcodeyar- be fully corrected. 1.2.3 Physical Tag Structure The

physi cal represepiaiib@Bymndbl it ReredeAted msmmylcshegmgupel tho tag, Bl thtl@@bolisiox ed
target st rﬂLluctures and varia %tagdg;c‘a ar eas 1% The fixed target

struct ur es™ai 8%‘%%”éé’ﬁ°s‘i‘“ﬁ‘éea&eé‘\ff’%‘é BsYreyp S D Wi FY @REREL the
tag and i nifecting tsltiplarspiallyi aaumslt it ldangrgesen indiron mmékadfi sy@bdloovehah agemsor . The

data areas;GoRh ddbel GRIAREM gb&rl:gde%r LG nhalifhs Wﬁ%%kehﬂéotdﬁha%e ﬁups‘?gi%(] coded

tag data. To achieve proper tag reproduction, the tag I s rendere
resol ut i orfale ygepsEd.dot s.  When printed at 1600 dots per inch this y| el ds

a tag wth_mdlap%wa|mg§mmﬁre4 nmm At this resolution the tag is
designed to be s ed b 6 dots. Since the
quiet area is alt% ’ésif r?ﬁr??fv]faé‘&n%ﬁ!‘ ’%)%esja‘qcuﬁeﬁ S BB SR Yot s t o
t he eff ectlbye, Ui autwir@ble dita trbes 18.61he ﬁirddeargeagrucmk pihors: sensing devicg@tch s¢ theict ur es.
A detecti gp,LLng é%eéét a5, EEJ? Fof G %&Qixﬂe%ébxﬁﬁo&eﬁtaudn'}éﬂulv@ kd e GG1EGHe L hE tag.

The ri ng IS easy to detect ecause It 1s rotational y i nvari ant and because
a si npl e a3 pras contarersesetations.pf the individagl Pis of perredsd g ddta-of the effects of

perzpectl ve di F‘]twgcme@ .prodBr tadheprBiic@nl EltaQ-Xdr%ndlx@dat'aJI@%tl«BMZSﬁ&SdM dﬁw ce
to deter e the a i mat e anar. oril e 1 ONn ue.to t e yaw
bf the: sontp piedat BPT it PonbARs T SR G Lo ar hmg St Reticn

ori ent at i dw.taghedesigngdar bpmadunded by ar‘gedt ared 7of addiug o tidie Smenthé qpt dleausaleo to infer
an accur a%ﬁm&b‘ﬁf%ﬁ’}ﬁﬁ@&lt%%ailmﬁ&ﬁafdﬁsol%%ds%ghee%&%&&ﬁe@reimé tag and hence an

accurate three-dimensi onal position and orientati on the tag relative to
the sensor. All ?hér“’@é{“"‘?tasr%fa@?‘e“@%i‘f‘f@ Aclstartioarming J5 Pllovg EerseisiPaBP&eée t hei r

imunity ffialPd&&t the tag. The ring is easy to detect because it is rotationally invariant and because a

simple correction of its aspect ratio removes most of the effects of perspective distortion. An
orientation axis 16 allows the sensing device to determine the approximate planar orientation of the
tag due to the yaw of the sensor. The orientation axis is skewed to yield a unique orientation. Four
perspective targets 17 allow the sensing device to infer an accurate two-dimensional perspective
transform of the tag and hence an accurate three-dimensional position and orientation of the tag
relative to the sensor.

All target structures are redundantly large to improve their immunity to noise.

The overall tag shape is circular. This supports, amongst other things, optimal tag packing
on an irregular triangular grid. In combination with the circular detection ring, this makes a circular
arrangement of data bits within the tag optimal. To maximise its size, each data bit is represented by a
radial wedge in the form of an area bounded by two radial lines and two concentric circular arcs. Each
wedge has a minimum dimension of 8 dots at 1600 dpi and is designed so that its base (its inner arc),

is at least equal to this minimum dimension. The height of the wedge in the radial direction is always
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The overall tag shape is circular. This supports, anongst other things,
optimal tag packing on an irregular triangular grid. In conbination with
the circular detection ring, this nakes a circular arrangenent of data
bits within the tag optinmal. To maxim se its size, each data bit is
represented by a radial wedge in the formof an area bounded by two radi al
| ines and two concentric circular arcs. Each wedge has a m ni mrum di nensi on
of 8 dots at 1600 dpi and is designed go that its base (its inner arc), 1is
at least equal to this m ninumdinension. The height of the wedge in the
radial direction is always NPS035-SG It equal to the mninmum di nension.
Each 4-bit data synbol is represented by an array of 2x2 wedges. The 15
4-bit dat aeqyindit sinafumeiaedsial Eiche-bi data @mdamepfae@a 8y & ah@ﬁ(éﬂ?eﬂwédgest he four
concentric synb nte ved fas nbol s are

al located al terna ﬁyﬂ?tnda%l F(’tleag‘ Of%g? a?feoaﬂﬁcﬂte‘?ﬁ’éhe forg Conqqpizic

i nt er | eavi srgpbolsringe dBay tre didd i mmamdséslndne Smimsazge aligoated altemdlelsrtlanmeﬂdaet ween
any two syghalis, ffund egame codeword. In order to support "single-click"
interaction with a tagged region via a sensing device, the sensing device
nust be able to éféf’emﬁfearlé%t cHgned onppinise thy2iened paial flignge Btwegh ew 18 nat t er
where in tdymbols @iieGiine@bdedbrdvhat or| entation it is positioned. The required
di anmeter of the d. of Vi, £ device is therefore a
function of the gnlzéeerf'gr? &P aCIgp'Chc eﬁaép‘in 'gata egfﬁﬂoﬂé‘a s%‘f‘?"c‘[ﬂ“&‘i’thfag
shape, t hesemldmn@smbleto of attlthlet osecrmwrtag‘ mat fleld bf wévew maiter waistean thed when
the tags %gogdrhﬁﬂlawmeaatsguaslp@&@crn@d Tﬂewe&ngwlﬁﬁetegsﬂtﬂ fieRDf FEO Y nd s&sﬁggur e 6.

1.2.4 Tag | mage Processing and Decoding T ag | mage processing and

decodi ng Y‘Fedf‘W‘“e‘afml’iﬁﬁ5‘°t§’éﬁ§tfl‘?1sgzed%‘bﬁpt‘fé1g§ﬁ@ﬁta%?s the netpage pen is shown in
Figure 7. Wil e asseaips Hl’cﬁ'dxldrﬁ@g&apeSthb&hﬂ@mﬁQﬁHjekﬁﬁf thé ek Heldi JTB@® isensor,
the dyna iaﬂlg the.i e IS T e center of the
range is {qbifeélr?gc ogtehgtaésar?tﬁee‘{%qe%uﬂawa %S%o ge 21. The i mage
is then tHr%éhol'&%ﬂimaapmﬁ%mmpm@lmnnect ed pi er regions (i.e

shapes 23) (at 2gj. tagﬁn@g@sl%céemgcdnd @Jcs‘du;g% SRR dy afs&slﬁg&é@@és%sﬁ ashége&;a@é get

structures are, di scarde he size and centroid each sh ape 1s al so
conput ed. P&} f‘?agrt‘?”"sﬁafb%“en%ﬁ@ﬁlfsa oppfurgd énatgﬁ&nbeﬁ‘éﬁﬁﬁt“?é’dﬁ‘(“hfhe maee pgForelieh shape,
and t hese dpraond relge bl imbge$d dstefniitied $41 DG ETHe @ BYidr Y1 tharaRe ismgntzmgei thSbihddet Ur es.

Central Qlﬂ'g OI&TBPEQLIE e’l’l%)fm%gafltﬁen rﬂ]?‘ésﬁlol ed anrzival;lleral‘tn& to c nn c.%% IﬁltxleL?%i and can

be easily maelnvarl aspec FRET
target st ifethapes 23)5af 7§) tsh@esf Vhigharg igo b‘eallltemteefv}t féa@rgztﬁi)rucﬂﬁ@srarmscwé@ t he

advant age Taf sizegd d&&ro‘((ﬂffyaclﬂi\ﬁlaﬂne 1pﬁmtgﬁﬂxtéﬂhen perspective-distorted. Matching
proceeds by aqug rotation-normaljzing each sha e S

rmal i zin
nonents. Once it3 &% g’?}”ﬁ&“’B’F‘H%% @p‘ﬁ?déatﬁ@rf?fﬁf“ihiba@e fafkthesp prgvidg easy to
recogni ze baisdor silfsequirdy prestisp ecdel sirgctttess Contrblisape wamerss age byf therasafiure ifvakant | Ng' S

original @%ﬁﬁ&n, Q’ﬂgan b'égzlsﬂ}tﬁl&l@ &Lﬁt%ggglg%pearr&\élaﬁ!ﬁo(%nolﬂsef ul approxi mation of
t he perspective transform
The ring target structure 15 is the first to be located (at 26). A ring has the advantage of

being very well behaved when perspective-distorted. Matching proceeds by aspect-normalizing and
rotation-normalizing each shape’s moments. Once its second-order moments are normalized the ring
is easy to recognize even if the perspective distortion was significant. The ring’s original aspect and
rotation 27 together provide a useful approximation of the perspective transform.

The axis 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 target’s original rotation provides a
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The axis target structure 16 is the next to be located (at 28). Matching
proceeds by applying the ring's normalizations to each shape's nonents,

and rotation-nornalizing the resulting nonments. Once its second-order
nonents are nornmalized the axis target is easily recognized. Note that one
third order noment is required to di sanbi guate 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 aftér it has had the ring's
normal i zati ons applied, since the perspective distortion can hide the axis
target's axis. The axis target's original rotation provides a NPS035-SG 12

usef ul  apRis@uiapRbliRRioRss et stétttion akeqd fdniydpaglue to pen yaw 29. The four
perspective target structures 17 are the | ast (at.30). Good

estimtes of th&rOBaeTRoFtR ?‘g&'rsg“%??ﬂuta’@dhed%'@% E?ﬁatetdﬁgl {) gﬁ‘lﬁ’\ﬁﬁ“’?&ét i al

r el at i onshif psir b@;ltﬁ)ﬁ’b&.rd’doﬁgn@lnﬂse&m tieit @b g@ipatial refaliensiigpent ripudd sditagdon of the
rlng, and t he rot he aX| he

ing s nordrretd srde 8wl i B e ol iR BRI prcla BRI L 12,
nonment s arrag ﬁmnnalllmtzoedwtehpé sham § @em@ts (PI@P thoie sscongderderineyeents arg permalizgdthe o

recogni ze,qamdl pbijRctva il a&le%%;ecggﬁzee atNhaskiRESdo BRE bstin@ll JoSitiod idken as a

match. The original centroids of the four perspective targets a{;e t hen
taken to H&eR fe2 m3ih Sihe Ofigigal C’EI’i‘rg‘f‘%Pﬁ‘é%If%mgct‘g‘itafﬁetsére BrarEn & bfidwn si ze
in tag Sp@@x@pectwadls&ﬁed%ogbfs egracauad of I&b@ﬁ@ﬁ@d’ﬁn}]ﬂg‘ spechidvaa dghadegkostin 33 i s
inferred (if:%gdo%z ers%ec & ansornslgg }/slurl}g'redgzg 3¥_>q3 ed"cj){l1 goq ttge Q%ﬁﬁge%doggﬁwuorng lating

the four tag-spa I mage- space pairs
Fundanent a¢lgma1the'f@xttag1seace wﬁpmgquaampmt mgésewrkpk Prg P , FrsaraentplsTof Textage Dept .

of SECS, L, Gad bk W 1@@&&6%1% e@%h@E@@' RePOsifforhi -at HeR4&GSD
89/ 516, Jllil‘ri]gml% ;@ ﬁp@gt D; iy i ncor pOI’Eit ed lgg

her ej n
Cr 0551 of APURERREIoTING PRPASP S Stoaliot (DR g RRs GGt B repeRte
t ransf or mctoss-dfepke). 0 proj ect (at 36) each known data bit position in tag
space into inag X o . eac
bilinearly int e%%{?@%}%a%% Gt%ﬂl?ﬁ%g S)?é Lf\rééé g’ﬁg\‘}rg%?}hgg%%gg 61%?%562 |]?1 he
i nput i madeewnTdua hit pojitien, ) e SREeNIBIQLiBRRS| HEH Ve rﬂ«?sllﬁﬁ1"ﬂ“°2_1£’°f‘%°nt}§ ayd )
t hr eshol d pli&sy efdthdiatd @t P6) ARG deldeund dditddnt Bixbls wadne! leb;i?n-nag@'ﬂ:lﬁ Advioudp0 dat a

bits 37 have b en o int Vi e t Reed-

Sol onon CSW et g’egﬁgiggésd’“(jéﬁ bl§§f’mﬁt rﬂ’f?lg Od’erbcegfé %Ivanueg or 120
decoded bits in @mot all 360NBtachits Bhbdve bépe obeueivortids wyyriowh of te em§@chpRE€d in
codewor d Qrger, co§éevo¥d9?stde&,95&qx&%§ﬂ§ @9 TBAeh Sist 3o Yor 485 debdab ik ﬁlqa/tﬁdmw ing the

sanpling process. The ring target Is only sought in a subarea of the
i mge whodet %P@f{ewerﬁmﬂfyl%e papiled %@@ew‘ﬁﬁaﬁ“gﬂf‘ég‘? ‘t"PFéﬁ"rdf RE PPy 4ot f ound,
is part oﬁntaleﬁzedminﬁgﬁesta&glmgbfoce’ss conplete tag is not found and successfully

decoded, then n en bos is recor e curr.ent
adequate pr Ocegl"shlgnggtgr lg 1s onl souéhtéﬂﬁsugareao;gelmaﬁewhoFerFlatlo C}iup t?ﬁrxelma (J

n
a non-m view 193, an
al t er nat i germteesahaghe umxvdlfmasl, is pere kf mgom herIf pagmplete tagds aetrfpwdtand nage.

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

The obtained tag data indicates the identity of the region containing the tag and the
position of the tag within the region. An accurate position 35 of the pen nib in the region, as well as
the overall orientation 35 of the pen, is then inferred (at 34) from the perspective transform 33
observed on the tag and the known spatial relationship between the pen’s physical axis and the pen’s
optical axis.

1.25 Tag Map
Decoding a tag resuits 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
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The obtained tag data indicates the identity of the region containing the
tag and the position of the tag within the region. An accurate position 35
of the pen nib in the region, as well as the overall orientation 35 of the
pen, is then inferred (at 34) fromthe perspective transform 33 observed
on the tag and the known spatial relationship between the pen's physi cal
axis and the pen's optical axis. 1.2.5 Tag Map Decoding a tag results in a
region ID, atag ID and a tag-relativ§ pen transform Before the tag ID
and the tag-relative pen location can be translated into an absol ute

| ocation within the NPS035-SG 13 tagged region, the |ocation of the tag
Wi thin the region nust be known. This is given by a tag map, a function
whi ch napstaggamg&)e%ehgéaﬁoa ofitht B 9R6kn (8 HoRA rhu b@k&ﬁhrﬁx%ﬂ%l%lﬁg a tagﬁfals |a0n The

tag map cI gramis shown in Figure 22, as t o he netp
printer cl %wla ‘a‘i?f eagh fag D i3, tapeet F“’g‘é’f‘ o "t??é‘e%’ﬁ‘ﬁ‘g‘ﬁé"" éd“thf &edap éla he

surface redigoim Witiotn indgpare 2216l pdriif the 6aprga/@ringer class diagrah.Ng t O surface type
When multiple tagged re n ar e t ag
gq?ghmaf rgfllegtsﬁll em%us%(p % l?]aTHgSlls’éiJe T n%&tn?a he t E:zgqra.\% f or

nunberi ng schene so share the sane a
regi on nusaccdyding te syrfaga /byt Wher multitletagasd) regiony sl!mthhaene tgmg/ehen& apdile game| D, a

tag | D and,@nuRBink RGBS, BE0an hinirdGe SBR te@fdp.be retrieved, the tag ID can be
translated into apn absolute tag |ocation W|th| n the L\egl on, and_the

tag-rel ative pen!PdeaPIPdey ac‘%ond’éushlﬁ’d‘é’ae"f‘%e vif e egign Fb CaEi 8% ¢ 5899 FReRd an
absol ute p@ml #ad apenonansmmhhenag @ ey rettieved, thid 14y D agtic ngnsBet ames atseotedi St i nct

surface c ?an @%I :5n, O Lhm:a% %%%e Qﬂ%@u& 3}("9&9 ed'SGnel dl€1olaAGh 1 T UC UT €

descri bed sec I on. erre schehe uses
"| ocati on- quﬂ@bioluwwnb@gen‘aﬁmtbﬂf%@dy di scussed. An aI ternative coding
scheme useg2.ebj etdgdinylédriiedd tags. A location-indicating tag contains a

tag I D which, when translated through the tag ma ciated with the
tagged region, yi¥? gfeing ypoq Geinesghe g‘ﬁs’c‘ﬁ‘f P%‘Hte'\%i t "f%%‘f Ofe SEPFfere
tag-rel at i dc@ribddaaditd @nhiokectibre The prefesedactdig stieme fubes “toeagnoﬁ-mmedtmg) ntagsaasyi el d

the locati ﬂ'%d? Fhsctuggd RE Dee a&\E chxﬁegl&anFQJeQ&éec ln&lesatu&ésﬁ%t urn is used to

determne t ocation o nrelativ interface elenent in
the page descri fathcetwna@sce@igeme@nmm ttag AR whishi When tragstated firgpsh te faganapser
inter ; ace aekamhm he egéedlr@gmt, ylfamesi um@uttagalocagefsaﬁunome &@ioatmﬁeagtr?aavbe user
interface el ene Locat i i cat ere e

L o e SR ine PGy (e dipen R TSR RE Rt ke Ve BAEESH IS or 4
parti cul arn wgeis used tieddicaniae tk dovativh of fa pc;bqelemte-to A dsec aterfag etealgxt a@othe pigns a tag

| D which didgahh Xssécﬁia?eﬁ%&'t&%e A RET onlytE &Efu?c? ﬁuerﬁéeeeﬁﬁﬁfaﬁt idsdlf lhéﬁﬁﬁéaaﬂ@a
description associated with the region. tags in the zone of the

user i nt doptignEelaiveiadiprussr dpssifererelemepids lde'éﬁed: %ﬂcewaf@ea'egé%ﬁfwﬁw% t hem
al | i dent isgpbrt 8 chptuRer &f BEcRute ﬂeﬂﬁdtﬁhlﬂﬁgbﬁesohﬁﬁﬂnﬁulaﬁbﬁaﬁ&fatd’%hﬁﬂiI ng tags do

not, therefore, gnu legcli-}ndllca 1ng (iagp con ms gftagalﬂ) cg ldlijrgc%y F%g'egtiﬁes a user interface
element in the page description associated with the region. All the tags in the zone of the user
interface element identify the user interface element, making them all identical and therefore
indistinguishable. Object-indicating tags do not, therefore, support the capture of an absolute pen
path. They do, however, support the capture of a relative pen path. So long as the position sampling
frequency exceeds twice the encountered tag frequency, the displacement from one sampled pen
position to the next within a stroke can be unambiguously determined.

With either tagging scheme, the tags function in cooperation with associated visual
elements on the netpage as user interactive elements in that a user can interact with the printed 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 DESCRIPTIONS

A preferred embodiment of a document and page description class diagram is shown in
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path. They do, however, support the capture of a relative pen path. So | ong
as the position sanpling frequency exceeds tw ce the encountered tag
frequency, the displacenent fromone sanpled pen position to the next
within a stroke can be unanbi guously determ ned. Wth either tagging
schenme, the tags function in cooperation with associated visual elenents
on the netpage as user interactive elenents in that a user can interact
with the printed page using an appropjiate 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 PTI ONS A
preferred enbodi nent of a docunent and page description class diagramis
shown in MRS 14 Figures 25 and 26 In the net page system a docunent
i s described at three | evel s. At the Eﬁ%bsﬁ"{fﬁg 1I ev th dog qent 836
has a hi erar chi ¢ PSEYRI: FiEm iogeet & BPERERTS ma?Fté Had 5¢t at ed

wi th conttntocoi¢ne 836 h84Dhisrtichicah stniceet wiphy @it clomtis wydreassdajaeadtveth i mge
obj ects, etc, C ticular
oo si ze QAT Saea ol i Ae Bl fox R4 S, e BuBhL O Rnclll Uofls O

t he docunemintefl on paglpfnla’evélda macm Iageviizs and qeprding dqia PRTEFUAR fuseE e sqa@rfmtcrﬁal

el enent's 83Ferch, lhe db&né&r?pag%&%@eh%%m&e@a&md eRRhLAtmAREECkA Whi ch
are different fromthose associ ated wit C ondi.n r,m nal

el ement's, PSS BT HrassPeaipe i Ctoﬁt&nt(?%%'se‘?‘h‘md‘fﬁ di%ef"é‘”g ﬁg)?fs&c‘?egilvﬁ'gélﬁ“ Each
printed icostspindig efmimal denumrpntticaat) whageheicontdt ehircd es styicbaaedseqomprinted| y, to
al l ow i npl'It ];ancaep (;fL!ir(?Oglf.\'}leIR{ %Hg:q%e 1staﬁgrd£§cﬁﬂ‘é {?algé etoI zn§\tv 99$a§§8%ttk90l}§§ar ecor ded

separately frominpu rou I'hstance e sanme page
descri pti cmmcﬂme*aqw@@eq‘?@éo tofbe felfi@d?ﬁﬁsaafa&b’sffomaen“t eroBUEAEuek el iSO on t he
page SerVehe sahd Q¥Sderig@@l t0 request a copy of a docurrent WIthOUt be| ng
forced to accept_.the source doctzistrtrren'g1 WQSCI fi.c f(é)‘ﬁ’ hlf e
requesting a copVSPREBERT B SPirRYTaT doPRt dsaPiepdispags gy aloys “sf’r?

exanpl e. r&pew ecspebf/s ddchreenpwiieerteing ddrcetl lncactept thatodueel detowent'e srecifiewrt. pt i on on
the page sg[yel .| Pb@'y@ ub e 9%9@ ALY € pri &l L‘&iffél%t] Yagh BLE T GhmpiS €7
actions on a part printe R'tormat ted document 834 consists of
a set of fCoRYPEEY e pesgese Ge@?: F“F“B‘t"ie‘b ‘“Be’nt geagrintigf on hnpaghseEghdlows bepizey set of
formatted sEreJrEHdﬂ@ﬁen@ﬂt@@&i&ex&&@ns&%ﬂgnﬁﬂiﬂﬁﬁﬁt&ﬁdg£| ement has a spati al
extent or zone 5 e S e active ar p

el ements such as/§ Ifi‘ffﬁ%tf‘ep dﬁ‘g‘glg‘gngal PR (}1a |S§I°530m7£?§8% EHEP foﬁss% zfﬁcgeol%%l

cor r esponaich gomist Of Arettof doraoied tepninal 8Bhenty 35¢ Gark i fonmattadfelemenids ppatizhage

i nstances 830 or 3¢5k &Ithé"%%& hrnfs QEAESRORAS £Q R iBALRmIRS GEl chhlgéﬂmﬁs #h the
formatted docunent. page i nstance 830 describes a single unique
printed né‘tpb‘aﬁ‘jéisl and records the page I D 50 of the netpage. A page
instance i s not pascimédk indtarde a1reBRéspdndSth a i@ Aatiell dbciméne R34ER ediisists af asepf of a

page r equ%a%é[eelrgstmces 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 instance
only exists if it records instance-specific information. Thus, a hyperlink instance exists for a hyperlink
element because it records a transaction ID 55 which is specific to the page instance, and a field
instance exists for a field element because it records input specific to the page instance. An element
instance does not exist, however, for static elements such as textflows.

A terminal element can be a static element 843, a hyperlink element 844, a ﬁeid element
845 or a page server command element 846, as shown in Figure 27. A static element 843 can be a
style element 847 with an associated style object 854, a textflow element 848 with an associated

styled text object 855, an image element 849 with an associated image element 856, a graphic element
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in isolation A page instance consists of a set of term nal el enent

i nstances 832. An elenent instance only exists if it records

i nstance-specific informati on. Thus, a hyperlink instance exists for a
hyperlink elenent because it records a transaction ID 55 which is specific
to the page instance, and a field instance exists for a field el enent
because it records input specific to the page instance. An el enent

instance does not exist, however, for ,static elenents such as textflows. A
term nal elenment can be a static elenent 843, a hyperlink element 844, a
field element 845 or a page server command el enment 846, as shown in Figure
27. A static elenent 843 can be a style elenent 847 with an associ at ed

styl e obj egh w@h4a asaoctaeeatgiamyvolgécemns vRdSclipicleherdB5 BHBIOG @dobidted Sitidnl il t ext
obj ect 855, an |mage el enent

49 w n a ted i ppge ele 56, a
graphi c el Qisgf8: aRPatinadip slemy SSRBWW‘FWC‘&%‘??@?&@ 8?3%%5(%1‘ %fpﬁc%pr[egneengt 857, a
vi deo cl i mseivei@nbso8add sedipt bbjanscass dowairdigui28eo clip object 858, an audi o
clip element 852,w1h. £50C efto 8294 RN didab ki Pt
el ement 853 mntﬁlmﬁ’aSSOC|ate%m§%%ﬁ§?gggggéhg%gp& as s owﬁgrﬁgﬁlgure 28. A
page |nstanm$m¢n§ﬂmmmba@k§ﬂ®§n@amﬂbmdﬁ89§°WﬁﬁéﬁmW§ used to record any

digital in k CapilkSrkiRRd RS oARGBveMYnCaFaSB 1 0 QlassddMdYivith @ach p&pd @trick C | Nput
elenent. | In the preferred formof the invention, a tag map 811 is

associ at ede foprass apthe pragfa by Fraplapriat lacyion dkE PiSsys  on the page to be
transl ated.4 nto Tm*rpmmﬂcmokme page. 1.4 THE NETPAGE NETWORK In a
preferred embodi Eente’ferra [ 91{1191% an%{px% nlétwgrggﬁs‘?tg §fa0<iclstrﬁ>ug& st 5ﬂng?§g@gag§et of
net page page servers istration servers 11,

servers 136Wﬂeﬂ?)a}geagamsismm P%Y'PrSslér yabrage @Sefveﬁé?pf&g’égepﬂﬁbllcﬁ%’&tsf’r&?ﬁs Yervers
14, and nekpagd Ef)ulﬂfc!ttﬁﬁ Fs‘é‘r&‘rﬁpil %ﬁget Biltedsl 1 RoMME%A0NKa AIwsikl T skB o e

I nternet, as shown in Figure 3. The netpage registration server 11 is a
server whilEAmets o8 BFEES) onshi ps between users, pens, printers,

appl i cations andTipuieipige adgisonidn saved 1T herseleyr whish Iroerigektianghits Getwemawbr k
activities, it % aUt h%catnor%%g %}Jﬁ‘l‘%&irm?s Qrﬂldth&gbtysauﬁ&z@s ey Iﬂ:gvom %‘yitlégnltbehal f

of authentpeca rsitn a Ication transactions, It also provides

handwri t i ﬁgth?ﬂé@,ﬂ@g nlﬁﬁtffl o @@ra§|ac§@mgA@°>@re@c‘?@P%af %t%@‘@ateda“sr‘?ﬁtlﬁé@@wﬁﬁﬁe
server 10 JaRhdbal NS1sP gxroslue%thmkynturgf Iecrogﬁﬁdn&ewa&om dqaaged shess b n@bdgopage and page

i nstances. The ne rk includes r each
handl i ng é“?ﬁﬁgéFmEFgﬁﬁﬁﬁglﬁg %@%gmméﬁﬁcg'%mﬂgsg%lm rv%?ggfég ﬁ%%%ta ins
user i nputnetwadkuiefidésany @ebér of page sarvesst elckpdlok p elrlw% ofughinstpnceainsa g p2gpri nt er s

send net RAGS A Rtheatll &@F&;luy vifs b Cach PR URELLA! GicRAGEh SEHMWE pridihs sdddge
server interprets any such input relative to the description qof the

cor r espondpipRge prayediralyniat PragpBropTifts Bieg afrver 2 The) Ragh: Sk G tSYIDEP%E 1 on

demand, anRdaRé P\icdiesptioRckthdrahapaiingpaé. page servers via its ID allocation
schene.

A netpage ID server 12 allocates document IDs 51 on demand, and provides load-
balancing of page servers via its ID allocation scheme.

A netpage printer uses the Internet Distributed Name System (DNS), or similar, to resolve
a netpage page ID 50 into the network address of the netpage page server handling the corresponding
page instance. 'l

A netpage application server 13 is a server which hosts interactive netpage applications. A
netpage publication server 14 is an application server which publishes netpage documents to netpage
printers. They are described in detail in Section 2.

Netpage servers can be hosted on a variety of network server platforms from
manufacturers such as IBM, Hewlett-Packard, and Sun. Multiple netpage servers can run concurrently
on a single host, and a single server can be distributed over a number of hosts. Some or all of the
functionality provided by netpage servers, and in particular the functionality provided by the ID

server and the page server, can also be provided directly in a netpage appliance such as a netpage
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A netpage printer uses the Internet D stributed Nane System (DNS), or
simlar, to resolve a netpage page ID 50 into the network address of the
net page page server handling the corresponding page instance. A netpage
application server 13 is a server which hosts interactive netpage
applications. A netpage publication server 14 is an application server

whi ch publ i shes net page docunents to netpage printers. They are descri bed
in detail in Section 2. Netpage serverg can be hosted on a variety of
network server platforns from nanufacturers such as IBM Hew ett-Packard,
and Sun. Miltiple netpage servers can run concurrently on a single host,
and a single server can be distributed over a nunber of hosts. Sone or all
of the f uprater,dradompyterprodstatibechr biya lnel magek. servers, and in particular the
functional ity pr ID server and the page server, can al so be
provi ded d? ?ectlwéﬁgg'\%%?%%gg appl i ance such as a net page NP8035 SG 16
printer, in a cofputesaminkseOdty aappligpceorhich iy regisidredwithviby detpage syeniT4dE NETPAGE

PRI NTER ThginReteag %odilﬁlbﬂ%t & defibhl ah® via BubSRPhdnABER pi: GL mlqneeg{m%l gsed with
t he net page Sy, stemfg prints net page docunents on demand and vi a

subscri pt | BA S LAEHe |ﬂ}‘?t“§?’agﬁ&%‘w%fkﬁﬁlad’ﬁ'§’°’i5‘rs}“‘ﬁ‘taéfhe [peresh ldealéYn"dFa}‘é“’*’é‘B%‘ﬂect ed to
the net pagenmefonork via a network such as the Internet, ideally via a

br oadband connegkdrpﬁ]o ARAL ‘{ rS%(r;r]}thydsee 1In'st¥ and S ec%%g et | i Ngs. |n

non-vol atil e menoty, e page printe conta Ins RO persiatent ™ setrorage
As far as “antigeio Pesisteny ﬁfe@zmé@lfar aStahleer fseonooméd, Tthe netvorkgotipesmpntés”. Ndgbgrages
function ifcBsmiskhdtRLY 2t §as SPRGEWRI e Ly tﬁeﬂdtsblb&taﬁnetﬁggerﬁa&fse&é}@1o

di stributed neaép{i\ g&a servers 10, independently of particul ar netpage
printers. EA@ ’8‘5@ %’?"‘irﬁet‘%?eﬂ“@@’él ves subscribed netpage docunents from

net page publ i cat Ti@metpggr priates rekéves Emmbdmaumaﬁoduﬁenﬂs &«Bxﬁ |nap|atgeq}uuheatﬁ>ﬂ\0 parts:
e 20 YA racR U AR AL b B A he pIRAR 0 DAL Bl EDARERY 20 LN
pages. Because of personalization apge I ayout ar’e ely Specific to a
parti cul arbigibyksh H?E‘flat%ﬁﬂp%@ B?Céusf:) mts@abqaﬂqnopagh@@@b@qu@@rsp@lfgrtw mter via

t he appr O@Eﬂn&ﬂ@ sybS@BerStd 36k pomTcﬁéftto ﬁ@g.lbkoﬁﬁg@ pﬁxhbr%ttﬁe apgﬂapt’ia&epaget Lk, hand,
are typic hare wth@ scri be o are nmultrcast to aII

subscri ber s pr fnha P AR of)rf |t3?f°éﬂyp%?§ ‘{13”3} Qs subserhrs. 3 P
publ i cat i owltiset tgelt subptibens’ mrstalnd:thsa@mpnmamagmrverfs docunent content into
pOI ntcasts and nT‘Hetﬂe@?g%tp%bhcéio;les'érvgre&)ﬁh}ﬂesn?t %&gxeﬁgioﬁ't ?%&Rnngrft cgnt ITEI’]t S

page |layouts, the printer knows i casts, sten to.
Once the BPiPfFsE ra“41§’§“‘1’3é‘é eMfire fFotivine %rvﬁlrﬂe%ofpaaeyumwﬁ)mgs lasmas étm @etes t hat
define thmoudwmmhcat@lfbey p,rus@ﬁcad it can print the docurrent The printer

document to be printed, it can print the document.

The printer rasterizes and prints odd and even pages simultaneously on both sides of the
sheet. It contains duplexed print engine controllers 760 and print engines utilizing Memjet™
printheads 350 for this purpose.

The printing process consists of two decoupled stages: rasterization of page descriptions,
and expansion and printing of page images. The raster image processor (RIP) consists of one or more
standard DSPs 757 running in parallel. The duplexed print engine controllers consist of custom
processors which expand, dither and print page images in real time, synchronized with the operation of
the printheads in the print engines.

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

A normal netpage printer prints netpages on sheets of paper. More specialised netpage

printers may print onto more specialised surfaces, such as globes. Each printer supports at least one
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sheet. It contains duplexed print engine controllers 760 and print engi nes
utilizing MenjetTM printheads 350 for this purpose. The printing process
consi sts of two decoupl ed stages: rasterization of page descriptions, and
expansion and printing of page inages. The raster image processor (RIP)
consists of one or nore standard DSPs 757 running in parallel. The

dupl exed print engine controllers consist of custom processors which
expand, dither and print page inmages ijp real time, synchronized with the
operation of the printheads in the print engines. Printers not enabled for
| R printing have the option to print tags using | R-absorptive black ink,

al though this restricts tags to otherwi se enpty areas of the page. Although
such palg esm{faga@pmdeuppb&srﬂ keg&donk th@@ilﬂg&ﬂﬁlnia tayld Keh@tag|nidp [F6rl eadhREHfapAGRSThet ey ar e
still classed a a n a rlnt S hel es on
sheets of §a|§apepr §11I\)€‘Sel?lgef:l ‘geﬁcéf(l:’esgh ?aégﬁ m“éts%’ﬁrgeeg‘g"ﬁﬁ H?egei% ppmt 2 ‘é)ocmﬁetn ger??% *mor e
speci al i sasogaiedvdabdwt dosuncht sa thagthadyegnenttsdeh cqpbe mrectlysmmct s at | east one
NPS035- SG 17 = SUSEACE sl Pne R esgmpass% da%;aae@ﬁéct@ﬁmteaglateh lldfs}glatg,ﬁhene
and hence tag map, for each surtace tag map 811 which descri bes
the tag tin?aln%ﬁ‘e% S PEStTation Sery e 1 %@Q}‘eﬁ’éﬂeﬁ?ti”ﬂf‘ a docunent becomes associ ated
wi th that dOCUrTEA;l';)re&ﬁect GiidodiinBif? ofl BE HEFAPE printel &gﬁscﬁ&:& @@reﬁ&l’dét&ﬁﬁﬂ Syéctlo?|6

i nterpret oWs etpage printer class diagram reflecting
print er-rgqa e“ﬁ'gref?rence (ol i ltltr%%llé;t ained by a registration server 11 on the
net page ndtSfor k. Memjet™®Pentheddsenbodi nent of the netpage printer is described
in greater det al+helna%aggﬁfs&ma@opegémxgprmegbnaa@&ﬁ{mﬁsmhg oFbigi el tO 16.

1.5.1 I\/Em et TM Pri nt he net page system can operate umgg printers
made wi t htesagiogies. inghigiag g dnkich prepgelerffic et tl?éerh%lre;&we&mmn Wiherg t her nal
i nkj et leeiza»eJ @& twideCcohdtltpredcceplai@ it isedeGifaible ARN @ hapHa phiit&, had e PUKARS .
Hovvever for ge consuner acceptance, it is desirable that a netpage

. characteris . . . .
printer have tt’lzle following characteristics: photographic quality col or
printing * hi ghphpmraplnlyqltabtxtzolgrpﬁmn'gng high reliability | ow printer cost
| ow i nk cost g;@h R§texGRStng Si MPl € operation nearly silent printing
hi gh pri nt| ng s%

igh reliability

. low printer cost

. low ink cost

. low paper cost

. simple operation

. nearly silent printing

. high printing speed

. simultaneous double sided printing
. compact form factor

. low power consumption

No commercially available printing technology has all of these characteristics.

To enable to production of printers with these characteristics, the present applicant has
invented a new print technology, referred to as Memjet™ technology. Memjet™ is a drop-on-demand
inkjet technology that incorporates pagewidth printheads fabricated using microelectromechanical
systéms (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 CMOS logic, data
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si nmul t aneous doubl e sided printing conpact formfactor |ow power
consunption No commercially avail able printing technology has all of these
characteristics. To enable to production of printers with these
characteristics, the present applicant has invented a new print

technol ogy, referred to as MenetTMtechnol ogy. MenjetTMis a
drop-on-denmand inkjet technology that incorporates pagew dth printheads
fabricated using mcroel ectronmechani cal, systenms (MEMS) technol ogy. Figure
17 shows a single printing el enent 300 of a MenjetTM printhead. The

net page wal | printer incorporates 168960 printing elements 300 to forma
1600 dpi pagewi dth duplex printer. This printer sinultaneously prints

cyan, magepdnser, M@J,é me@sﬁm(@mowﬂ)nfrar ed i nks as vveII as paper

condi tioner and k f| xat| The printi el .enmen tely 110
m crons |ong by Y¥RFIEPERS \?ﬂed’gmmﬁlﬁ{e 3&9?‘;’%8%25{663? ’lr?ﬁziﬁp&é%ngg ar)é
formed on @zgd¢ thampn B%Mtﬂmceseaozmtthatnklcmw pior Wb ehe CMDBrh 8, the actart:a
NPS035- SG z{cg'x ﬂlt ﬂe@rg%taﬁ r308 ttﬁergagsgsfe a3 mrq:re!u}{ %a 5690 We §t1\fe 8(%&& (\Mg) 310,

el enent s ntin e nozz e Nnozz e r| m
303, the H?é?i’i?ﬁé“a@hm 113@*4thetnﬂfen1?tl3m d| c seal 305 the ink channel rim

306, the |ever afipadéactidtf béeipaly 808 @b aially B8R BopdssivdQAEuatdBemABSI Ve

act uat or m pai r .30 he active at or anchor

act uat or aﬁgﬁ °Jgig 319 g‘ﬁ]ﬂigetaf’i‘ép‘i“ﬁﬁmia‘ff ‘g‘f‘iJaéE’?“mﬁpﬁ‘élvﬁﬁﬁcg‘\/go"é%%ﬁ‘gﬁ§sllé‘§m pai r
308 i's nmechabihgiah by cloéinnethss 809 B, 345 shd 61% 64w at @ntilbea@dneloetiothern@0DBendt  t he
join 319. %a l%lg gans pairs are anchored at their respective anchor points
310 and 31 h conbi nati on of elenments 308, 309, 310, 311, and 319 form
a cantilevered efigut 1®siogs weamalb@ptiof aicarws obprimig clemngs 308, indudingvmoss snal |
p?r t of anedick 81 obd pridtihg Vidnidgk 380. THEHRES ses&(;& 315 @gﬂfgd iwﬂﬂbuﬁmlﬁ m&aﬂyh $6Ctht OE 315

of a printin gross t|on is shown without ink, to
clearly sﬁﬂw%fﬁé?m?tﬁws?sgﬁ’%’lghg‘i? °ﬂ§'f'fe 'ses through the silicon wafer 301.
Figures 19(a), 1BE{dss 1a6H 120) ol ISGQDSM)WH'@ oppEingtyckef e Vgt fprigtink/elanett m
printing ehement 300. Figure 19(a) shows the quiescent position of the ink
meni scus 316 prior to printing an ink droplet. Ink is retained in the
nozzl e chamber bYesulaishows §ﬁ§l“69ﬁe“ét’°s’t“ﬂ'é°flﬂ?ﬂ%nkrf%?‘ﬂsg’éa§6 pEippto RHEFg An ke
fluidic seiadpledk if Riafedinlied egchidiRr Bpazh® Wiaiheétic id0dbenand 3t higndianike channel

rim 306. \ﬁvl]l{diceseaﬂ)gdS%r}nncpﬂef\%epneth?{oz%]%&eaber Wosd t‘.ﬁe t rly dl’»()%t ributes data from

the print "engi'ne” “con e correct pri n rmilement | at ches t he
data, and buf f er Whitehgringueg; dhet mmdmdv@MQﬁeweliﬂacﬂlﬁtoU@s da@l@mofhetmet went ve

f‘ﬁt ugt Or REANRH the SRt prirths cIGAME BRhAMI2BChE bidRis teldhth ®Hrivd e R&&Sdel T ough
e eam

318 of the active actuator beam pair 308. This causes an electrical current to pass through the beam
pair 308 for about one microsecond, resulting in Joule heating. The temperature increase resulting
from Joule heating causes the beam pair 308 to expand. As the passive actuator beam pair 309 is not
heated, it does not expand, resulting in a stress difference between the two beam pairs. This stress
difference is partially resolved by the cantilevered end of the electrothermal bend actuator 320
bending towards the substrate 301. The lever arm 307 transmits this movement to the nozzle chamber
304. The nozzle chamber 304 moves about two microns to the position shown in Figure 19(b). This
increases the ink pressure, forcing ink 321 out of the nozzle 302, and causing the ink meniscus 316 to
bulge. The nozzle rim 303 prevents the ink meniscus 316 from spreading across the surface of the
nozzle chamber 304.

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

Figure 20 shows a segment of a printhead 350. In a netpage printer, the length of the
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pair 308 for about one mcrosecond, resulting in Joule heating. The
tenperature increase resulting fromJoule heating causes the beam pair 308
to expand. As the passive actuator beampair 309 is not heated, it does
not expand, resulting in a stress difference between the two beam pairs.
This stress difference is partially resolved by the cantil evered end of
the el ectrothermal bend actuator 320 bending towards the substrate 301.
The lever arm 307 transnits this nmovenent to the nozzle chamber 304. The
nozzl e chanber 304 noves about two microns to the position shown in Figure
19(b). This increases the ink pressure, forcing ink 321 out of the nozzle
302, and causing the ink neniscus 316 to bulge. The nozzle rim 303

prevent s thgndals ¥eni vﬁ@th'&ﬂ%]rﬁpefr [t BabPI10 A6H) rl}gth@&{e&§§ 331 encsbpnleacRwals t he

nozzl e chanber 304, . t enper at ur pai.rs 308 and. 309

Caual | 700 A rHbIo Ehnst L% S FoPBRE PR Vb PraRg RS BUH I Do ai ds i
t he br eakpﬁlft]flead)in thé @irdetida 132 OPHe@lrintBéad hby @ mavishod intaadigiBRd piiming klementz300e

chanber, . Fi €. hanber is refilled by the
action of %ﬁﬁég g%% %’éoerﬁir%%ésjOggfi’ggu%%ﬁed%p%?rg%ﬁ%ﬁsﬁ316 Figure 20 shows a
segnent of a prifetpriatthagile surfacy offhe printheadidrtingtoparation, f @ozzls apprhwadir 3ihe

NPS035- SGadehed RS B mgd kuﬁsuta{%QOf o} ea\éﬁ Q(;ZE'le @62 e 1smﬁéspéﬁdlﬁg n6AlelgMard 10 MM

in the direction 3 gnent shq 02%of a
conpl ete Be'y ﬁ%h@&ﬂ%h W’W‘Peﬁe [5‘3‘1 HiPRIgiy e (R tfwg 6%1[8??’6"1‘ the ﬁﬁvg&%ﬁfggﬁgf %lfél o e
pri nt head béchminfBlocked Whaped fibedn? omaimebris,rﬂluatehaad pliged fhraughvbe of infets 832ragld gi t at ed

printing 0 n plied by
the ink |§+ %?ﬁ) 2 %fé #a:d h@%stge‘l&%g I?}?L&f fgrée;lplgg laggemgl%B ﬁﬂéeo%rzillﬁgﬁﬁlgg during
oper at i onsealadwb‘kzhe@ngﬁramlewaf er 330 is attached to the printhead substrate
301. For ¢@gch nq—;,glmtp% gpg,li\ere is a correspondi ng nozzl e guard hol e 331

t hrough which th ?‘? i nk Iets re fired. To %'8 v]gnt thﬁ? zzle%uard hol es
331 from becomk 530(51]"%%? deyioe s s reppas SYLemhl OBIHE 2 PR AT SRR upRe ey air s
punped t hemedded tobrgrolier 1134, il able So &aﬁreamdidecodetIquosmdneagstIa@agamar@h1Ima$ees during
printing. seI&r e %r?iget se%glkls %Eolld Q%ﬁd’e o@gledrﬁ-ﬂ? gﬂn@tegiﬂértg e'nﬁlt seﬁs%@l ed while

the printer 1s |ve sensi ng device of the
net page s&‘s"cnb’rﬁeﬂfsnfia?él"@éﬂlqnyﬂwa Apé‘?ﬁ“l i in fpre dptail lﬁ%ghq sy¥em isrphle 4ol &dse

control | e{svhelaaﬂa nib § @&Jnacttvﬁmq&mlﬂxce a0l the FECRABLe kReO et htQtuifio@s rité OM a page
via an i nm sen or

sensor is | i d-stat evi c OV|ded
with an a ?‘f‘f 1f‘ge(ll o §8?‘r?f e ED& SfPZé’tr gagﬁr?'gnfﬁma?qnlca %frg‘{ ad
wavel engt the penfis e@m@d laxhlb'dtrqlqsslmmndeit withe Hyivleo(@r bish etatippks ttherpripier arlbiage t 0 sense

when t he &@nh%@&n%ﬂ@éa@%th%sﬁe@tgR@(l&M)@&%sm@m the pen is able to sense
tags at a sufficient rate to capture human handwiting at 200 dpi or

greater and 100 ThePrefpregabedinent ofegicmageinghoregist e e ao‘}?“mt(‘ ﬁ’érkiﬁ‘é iP&n
encrypt edandnl a\Wok-RhrRiSES btylud rradlﬁﬁkﬁlg e@eo& olotvéver B ol hi6ssdrd For lnaﬁgeths hagagon) , the

Bra:;]gt g{ r Srgf Bagsea br%;[vsqtggl s(})fs enll rg;[w en if! use Gs glgtln?‘ernm E'aré Beq;age E)egels (known)

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 server 11 on the netpage
network.

When either nib is in contact with a netpage, the pen determines its position and
orientation relative to the page. The nib is attached to a force sensor, and the force on the nib is
interpreted relative to a threshold to indicate whether the pen is “up” or “down”. This allows a
interactive element on the page to be ‘clicked’ by pressing with the pen nib, in order to request, say,
information from a network. Furthermore, the force is captured as a continuous value to allow, say,
the full dynamics of a signature to be verified.

The pen determines the position and orientation of its nib on the netpage by imaging, in
the infrared spectrum, an area 193 of the page in the vicinity of the nib. It decodes the nearest tag and

computes the position of the nib relative to the tag from the observed perspective distortion on the
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The preferred enbodi nent of the netpage pen operates both as a nornmal

mar king i nk pen and as a non-nmarking stylus. The marki ng aspect, however,
is not necessary for using the netpage 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 unique pen ID 61. Figure 23
shows the netpage pen class diagram reflecting pen-related information
mai nt ai ned by a registration server 11,,0n t he netpage network. When either
nib is in contact with a netpage, the pen determnes its position and
orientation relative to the page. The nib is attached to a force sensor,
and the force on the nibis interpreted relative to a threshold to

i ndicate mg%@eg atd& l&@d&h ée@metHBfth@ﬁen opcey\mthouzmhsp@iubmemaon drtle@pany i ve
el ement on t

eto clicked SSi wi th the pen_ ni L n order
to request® %‘%Pe"ag’ie "rrget“f%’rf’nfﬂi‘eo‘???%\‘sﬁ‘e ¥ R“’p‘i%iﬂ"f e MdRecizes hadied e s
capt ur ed aaes@oncm;miumume Megll, eeedding &l hninkmurs geyolutios Reuikdifol actynamindaitiof a
signature r‘g"%ﬁ‘g({; verified. The pen determ nes the position and orientation
of its nib on the net page by imaging, in the infrared spectrum an area
193 of the page P ations relaidierie @ yetnage arheaptuiet as 4 seried ebstyelees A sekerersisssfat ag and

conmput es  tshfedROst tnleQBmpdd ﬂeﬁ‘ﬁosfﬁbxg oh &le giéevﬁtxit&l t;yta%eﬁ-&gm Eveaimnd BenpRRE 6y ved
perspective distortion on t

aﬁ tzl% and tpe kntﬁ
geonetry df° St &q“f)‘éﬁe“d’ﬁte?"?%“ﬁ?‘i‘*l‘? QFf‘g% é“'g&e.r’f%e M ALBEPIEB Bt e tag may
be | ow, b_@e@tlsehahgne,\ﬁha:g vilén Bortnyl ciddunbta@eDR gehd ®minteancpsif e gragpor t i onal to
the tag size, acﬁigéqﬁa%é g& haQ%S én?'é‘elécﬁ&oéz‘dtés %Eladaﬁm‘a}’lt t folihd e w8X GEEAI NG

the m ni num reso uti o ul re accurate recogni t1on. Pen
actions r @pdrnygepytapd pestp emeﬁagre elr Ele@elmlerr g imeptampedde Pliowhe@fvst%% ek it A stroke

consi sts Qferd defsfRE Hﬁé‘ﬁe@io&frhé EuiB SdRENEMsRBR am'gs;nfof OfSe BBk ® cB@Q@ of

initiated bya en- down event a Co eted b ubs pen up
event. A é‘ierul?ﬁté e dﬁf“’é&‘kf'é &é""@“’ﬁﬁgfhﬁ"“gﬁ%‘e beédﬂa‘¥ﬁ°§5%6$(grf"wggﬁ &whenever
t he page Hifinelpamgeassn applicgiop-speriflemanneront it is submitadst ampe@cauqnsnaaltseledum
corrrrencengg;geﬂﬁ%actnba%metroke Each net page pen has a current selection 826
associ ate , allow ng the user to ?erform copy and paste operations
etc. The sel ect i&phpeg basiappaampp®d- This inthe oihleptnatifig By bewepé ths Sear- e after
a definedcisk aﬁh@&fdumdetpagmnabkeﬁtemabose ket ﬁl@ﬂmﬂlﬁ@ﬂﬁd{lﬁﬁ&b&)rﬂﬁgb@xﬂarﬂﬁg adpage
instance. |t consi st ent troke capture
hrougn 1 AEER Rl e 1eb +bn B et S nathas Fraf HuB S SRpeL

i nt er pr et @ith iha parby apwblietd on ispeoisé iOGbenlsm sréactingeelor ffom a@abmﬁbﬁﬁetdt:fedt to an

appl i cati g sMieas fhe %ﬁ's%%‘sé&&ateﬂéﬂﬁ&é b3S S¥AEd QPureF BRI PEnNRSaReL Ur I ent
nib 824. This is the nib last notified by the pen to the system In the

case of t &b teruispinitesis Ygen ﬁ‘é?F‘%?s"‘E"*rﬁ“‘Efé‘éi‘e‘é{‘éfd?Péod“‘iSii’tﬂFfé preripeedpsst ity bl ack
ink nib ombtetlstEwﬁtDﬁma’amé@lamgagg&tyl us nib |s current Each pen also has a .

current nib ot yheniaS nd Bl Lid MEaPhS, Shd Gl bk F3800kaLAG ML, Lhe pen
by an application, e. PR ' &Sponse to & euser se1e fg a colof froma

pal ette. 3oy db#ha@uitq onlme LED. When the pen fails to decode a stroke relative to the page, it
momentarily activates its “error” LED. When the pen succeeds in decoding a stroke relative to the
page, it momentarily activates its “ok” LED.

A sequence of captured strokes is referred to as digital ink. Digital ink forms the basis for
the digital exchange of drawings and handwriting, for online recognition of handwriting, and for
online verification of signatures.

The pen is wireless and transmits digital ink to the netpage printer via a short-range radio
link. The transmitted digital ink is encrypted for privacy and security and packetized for efficient
transmission, but is always flushed on a pen-up event to ensure timely handling in the printer.

When the pen is out-of-range of a printer it buffers digital ink in internal memory, which
has a capacity of over ten minutes of continuous handwriting. When the pen is once again within

range of a printer, it transfers any buffered digital ink.
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nib style is the nib style associated with the current nib. Strokes
captured through a pen are tagged wth the current nib style. Wen the
strokes are subsequently reproduced, they are reproduced in the nib style
with which they are tagged. \Wenever the pen is within range of a printer
with which it can communicate, the pen slowy flashes its "online" LED.
When the pen fails to decode a stroke relative to the page, it nonentarily
activates its "error” LED. Wen the pefj succeeds in decoding a stroke
relative to the page, it nonentarily activates its "ok"™ LED. A sequence of
captured strokes is referred to as digital ink. Digital ink forns the basis
for the digital exchange of drawi ngs and handwiting, for online

recognition of hangdiedntv ReisteR ith By nuBBdr ioNHinkeY, bift b&alsk Qﬂsta@cfda&irékﬂﬁ@klr es. The
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reference aﬁ%“ﬂ?‘blaﬁe’@@wseltl@enﬂte be detepming] M@QIWFEFQA@TFWW@I@@B pktbepepri nt er

601 recei gisive @l e afd Bt Difaifcd. The %tdrcsttﬁg dith Qitaktsh8teP@Mhe Hade R it ARIREN 1S

used to inte tha The, code of the tags 4 s read
byt he. pertiiontpri Befulsh PAH ke P drereReULae of S0 RPHE P STERL. Tho
dat a al | owsichneintaghe it iconesiphdibd@gpiasiincciBoal thpagmsminthe sacs octhapagelservat er act i ve
el enent tqche a@%@;r@ae ﬁqdeqnﬁed%pad eq&tps@tteomen%etr for ) Aehd \fcw |4 QQ1 ng Of

the pen relative to t age to be obtal ned I ndi ca ata Is
transm t t O the &IeVRR PRgeisYs |m “S\/SH@P Eaph nefrageoiopsists, of awrépaftrPégemsut rtawéawﬁége | D 50

of the st pekigtedtRb) ahbifagh flddricr BEIBRHY. T pidd Ryt tdlaOR oPR@EsusiLss\iges] 0  Whi Ch

mai nt ai ns the arre ng, pa stanc hen transmts the stroke
to the pad®=saf “écresgfl?ﬁxpgf"ﬁglyﬁtﬁggels S F &t E%’te?%?genaté’ﬁt&‘if. ed in an earlier
stroke, then theWpmithtmge soagr reeivesdiehstrbig\iomt threepen didrtesss thopage drecripidngy ant page

server inyulch tededke appﬁ@sCQd RELRARSwRA GdnRhSor @ pReGORAMoh mP Qt%‘ie InfYs04d
mai nt ai ned er si st ent a net pq?%gtééa ge server (see below). The page

| ayout r efltd$ thenag eé‘b‘f’t@@fegth"siﬁret‘f: igthep the typg pfithe relprgutslements of t ext,
typi cal |y st oreda edlisievihesi@kOwhetd e MQInPEGA tite biWaEds .the pen down position and the

subsequent pen up position are both less than some small maximum. An object which is activated by a
click typically requires a click to be activated, and accordingly, a longer stroke is ignored. The failure
of a pen action, such as a “sloppy” click, to register is indicated by the lack of response from the pen’s
“ok” LED.

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

A hyperlink is a means of sending a message to a remote application, and typically elicits a
printed response in the netpage system.

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

description which is used when the hyperlink is recorded as a favorite or appears in the user’s history.
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When the page server receives the stroke fromthe pen, it retrieves the
page description to which the stroke applies, and determ nes which el enent
of the page description the stroke intersects. It is then able to
interpret the stroke in the context of the type of the relevant elenent. A
"click"” is a stroke where the distance and tine between the pen down
position and the subsequent pen up position are both | ess than sone snal
maxi mum An object which is activated By a click typically requires a
click to be activated, and accordingly, a |onger stroke is ignored. The
failure of a pen action, such as a "sloppy" click, to register is

i ndicated by the lack of response fromthe pen's "ok" LED. There are two

ki nds of iTHeUlpeRheaBthEldsdbidrhat HBELInFRYR 20escri ption: hyperlinks and form
fields. Input thw?lu haformfield can also trigger the activation of an
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nmessage t comewlerDh ¢he agpbk CEk lapphicatiamid ideytified By dnyapglicativh 113 64 andplid appleetiohesponse

in the net <o o AW ' RAN-SE j.cation

71 wni ch Hondl e L i aofbal B o EEED) ot ol tF Ryl el 0N

i denti fi eSoB.HemHyprakinks $i8, and selpréiomiyperiinka 4o ps shawn in Fjgpeg $0.r A grnpraldpiperlinkag  whi ch

ﬁs ks lthek&ms%@mn&@a&aa@sugﬁ ﬁnﬂﬁi dé&@{eht?qr%?b%ﬁ@ﬁjg@ﬂaﬁr@eﬁ&e kdd s@:?er:]ri &lﬁinbe —
yperlink  activyation, and a description which is used. n._the hyperlin
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and sel ection hyperlinks 864, as. shown i gur e " ener.a erlin

can inpl ement a ﬁ’éqcﬁ'é%sf’onfhﬁ %g’ef’inlt‘nkré?ﬁncaoéégﬁ%cﬁ s aotfansr‘?‘éwnggnﬁl‘ﬁ'}“‘g‘iﬁﬁgf a

pr ef er encepecific @ thearageainstande dnovhivh theyhprerlink iktagel pyedrs Thdtemnaction 83 pandtntfg form t o

the appli Gafbfinc AuibWe GhdiORoR YRSl SHBFh S Bl iRbases HBEGHA ON O
the application. If the current selection contains a single-wrd piece of
text, for PEXBHREE apRlgation pppehlbaffh§MseFmy return a singl e- page document

gi ving the word e @3&&]?1; ifgudad thBipen'd &tﬂeﬁ@ﬂ&cﬁéﬁ{ 2}?6% a\lééljacﬁfih il}&)erﬁlpmﬁa{]aﬁon. or a g
transl ati into.a differen nguage. .Eac . i nk type.i.s characterize
by what ?ﬁ C %%ﬁc%%es its cgrﬁ%n%m{ t?% S?C%%fl foEmAnster ‘iyec% g% fnoané"ﬁ%ger%:l%krarc%"sa Shdi ng
hyper | i nk altheushafthehyg@inkhacitsr sibmit deltal psipute s ronly DipEGinghthe last dam sibaissigpeci i ¢

to the paggndist BRGRBNInMICR e JHBELhh HlanhiRhARGE ABRear s. The
transaction I D cap |g§$ f user-specific data to the application, for

tify - . :
exanpl e a "shoppt REEHFT eotr 89545 AieryP plareoh 835c¥ifhdiah phstrstited BYpediniy @ chasi ng
appl i cat i gwoin Bghabl. Wien inpet diGey throbheang Yisld @bl G thel @Sug, It Hp@fink 86411 1 ent
sel ect i Onas@&gteh i tﬁeeérg\?pt s Oa@tiv@%é@.e& Ihlypr%ar inﬁ‘e%t ér})/u%t (l,ag rE)'e used to associate hyperlink

behavior with a field such as a checkbox. It can also be used, in conjunction with the “submit delta”

attribute of a form hyperlink, to provide continuous input to an application. It can therefore be used to
support a “blackboard” interaction model, i.e. where input is captured and therefore shared as soon as
it occurs.
1.7.2 Forms

A form defines a collection of related input fields used to capture a related set of inputs
through a printed. netpage. A form allows a user to submit one or more parameters to an application
software program running on a server.

A form 867 is a group element 838 in the document hierarchy. It ultimately contains a set
of terminal field elements 839. A form instance 868 repfesents a printed instance of a form. It consists
of a set of field instances 870 which correspond to the field elements 845 of the form. Each field

instance has an associated value 871, whose type depends on the type of the corresponding field
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The systemincludes the content of the associated forminstance 868 in a
form hyperlink activation, although if the hyperlink has its "submt
delta" attribute set, only input since the |last formsubm ssion is

i ncl uded. The systemincludes an effective return path in all hyperlink
activations. A hyperlinked group 866 is a group el enent 838 which has an
associ ated hyperlink, as shown in Figure 31. Wen input occurs through
any field elenment in the group, the hyperlink 844 associated with the
group is activated. A hyperlinked group can be used to associate hyperlink
behavior with a field such as a checkbox. It can also be used, in
conjunction with the "submt delta" attribute of a formhyperlink, to

provi de CQildeRUSHS rdidWakE r&&d@lﬂp@mkxpﬁsameﬁlm prihite® BFn InhiHc€ fi.0BodgR otéeed t O
support a "bl ackboard" interaction np where input is captured and
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par anet ers'1o an ramrunning on a server. A form
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a void form reset tormor duplicate form page command. A form expires
when the tine th‘éll it mc#pasedtfééwtal a:@twlg@l@kégéggsqswéaf%pﬁﬁx@stgﬁ@é ke d

li-fetine. s &4tdaeh JrWnith icSnsid® of ¥ St of By160 dORM 1373, $a@lstramdnsls{srwutset of hrough a

formwhich is not active js ins aptured in the bac ield 833 of
the rel evé‘ﬁ’fswagen P?‘?ﬁ‘f’%ﬁ?g ea‘W?g %an #‘ SPE AEPTRPE 2% kl?{mocﬁ 3%6 d %ll

submi ssi ofnkickssakiagemecshowiriy Figart 81pt t 0 subnit a formvvhen the formis not
active or frOze”Ahé&léﬂeﬁ%?ganb@g%etﬂ%&ﬁe@&ﬁ' G iSa R, § REThSHeRil895, Oggport

1
Each forminstance Is associated (at 59) wt *h any form.instances derived
fromit, eagrefisfdiep-dihnbeldelemnsistiiseraatiphgwn mhjeredf | Awdielt! mksBrdi | at est
ver si on ofaﬁad’fsednass Basvigdid thefidl@r tine period. to be excluded froma
:g?l‘ g]t] t ;Alnleslt ngt 81 %(E)oxaigge rasegn z?sssocg egl)go?elan l/aii]ulg 88Pa9|sl;[ovaw|1 in anure8_’% Cyorflla§l|( sts of a
(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.

A text field has an associated text value 882, as shown in Figure 36. Any digital ink
captured in a text field’s zone is automatically converted to text via online handwriting recognition,
and the text is assigned to the field’s value. Online handwriting recognition is well-understood (see,
for example, Tappert, C., C.Y. Suen and T. Wakahara, “The State of the Art in On-Line Handwriting
Recognition”, IEEE Transactions on Pattern Analysis and Machine Intelligence, Vol.12, No.3,
August 1990, the contents of which are herein incorporated by cross-reference).

A signature field has an associated digital signature value 883, as shown in Figure 37. Any
digital ink captured in a signature field’s zone is automatically verified with respect to the identity of
the owner of the pen, and a digital signature of the content of the form of which the field is part is

generated and assigned to the field’s value. The digital signature is generated using the pen user’s
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groups 874, each of which consists of a set of styled strokes 875. Each
stroke consists of a set of tinestanped pen positions 876, each of which
al so includes pen orientation and nib force. The digital ink class diagram
is shown in Figure 33. Afield elenent 845 can be a checkbox field 877, a
text field 878, a drawmng field 879, or a signature field 880. The field
el ement class diagramis shown in Figure 34. Any digital ink captured in a
field s zone 58 is assigned to the fiel,d. A checkbox field has an

associ at ed bool ean 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. A text field has
an associ ghRsle ligsture\kay 46:ifRGS the BSpliSAWWIiH bt @éHfofn. IlincARMandl GHribickkion DK
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respect to the i d@nigtcpmmbnds, sivk aosikethrafhstiftiicate deletiondamalwibg rebeghizaiignat ur e
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\(’\'hi ch ?m%yﬁzﬁﬁ’cs{o@rt}m lexoﬂlo-{rég%nt%irgﬂéittkhge‘&m&i’ {ileC @itk Qd/g\es-h Snly \th hiélﬂﬁij&'l’p&ﬁ ood

see, for exampl e, anpndon, R and. orene,. " Aut tic Signature
Verificat inﬂfﬁ‘mgé?n’ﬂ“\‘)\f‘?ci’%‘fze F’B’é’ﬁf‘is‘frftg%f"'f'fﬁ% Ckmﬁ?g “é?lé?lag“’%%%aecc {° "m,%}]?yét tern
Recogni t i enyritvedegdddenNaraiding 1B80. At Wdter-&pmtiean edd f of Wirhdviritiag @& mbonafieally

i ncor por at r i d is hidden if its "hi dden"
attri buteg?%rag%to?%%ﬁ illl{;j‘%g% a??gﬂgée%ﬁﬁee%r%ﬁﬁ%%gg&g%%d’have an i nput zone on a
page and does noPigiatinlsss alreagyiptated; qonsisipf p saguense Pt sfeckesc paysipkerhioh #2574t ue whi ch
[ sb i ncl gd%drtigd]arteféﬂerft’g&dﬁb Q&S&nMQ@tﬁEMI&ﬂfslﬁf(gﬁﬂm}]kﬁﬁéﬂlﬂ@adﬁﬂ ifieiledtibns |
submtted. "Editing" commands,. such.as strike-thrqughs, i ndi cat i .del etion,
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Table 2 - Summary of pen interactions with a netpage

Object Type Pen input Action

Hyperlink  |General Click ISubmit action to application
Form Click ISubmit form to application
Selection Click Submit selection to application

Form field |Checkbox |Any mark Assign true to field
Text Handwriting Convert digital ink to text; assign text to

‘ field

Drawing Digital ink Assign digital ink to field
Signature  [Signature Verify digital ink signature; generate
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Digital ink, as already stated, consists of a sequence of strokes. Any
stroke which starts in a particular elenent's zone i s appended to that
elenent's digital ink stream ready for interpretation. Any stroke not
appended to an object's digital ink streamis appended to the background
field's digital ink stream Digital ink captured in the background field
is interpreted as a selection gesture. Circunscription of one or nore
objects is generally interpreted as a gelection of the circunscribed

obj ects, although the actual interpretation is application-specific. Table
2 summari ses these various pen interactions with a netpage. Table 2 -
Summary of pen interactions with a netpage Object Type Pen input Action
Hyper | i nk%GeneraI ick Submit action toggmbbﬁa&maﬂfmrﬁ@r‘smd digitel Supmi t form
to applicgtion Se|lection glick Submt fselection . to application Formfield
heckbox Arly mark ssign true to field Te 'P"qﬁlérﬁaov\%k{i ng Convert digjtal ink
to text; 4@@1€gn tekt to i ¢GigumBirigiemng [Besignt digital inktosgirgni seleggpr al j nk to
field Signature Srgnmature Verify digitat Tk sigmature;—generate— NPS035- SG
25 igital signature of form assign digital jsignature to field None
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outside the explicit fields of the form to route the formto a human
oper at or, TR % REERISHARCT O the Fsstmptioa ke usshpanbayve mdisdrdcaeatpegiih@ifrent s to
the fill ededin fitlisdudile oftthse fkdisof t hose fi el ds.

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 8§30
to which the page ID 50 in the stroke refers; retrieving (at 886) the page description 5; identifying (at
887) a formatted element 839 whose zone 58 the stroke intersects; determining (at 888) whether the
formatted element corresponds to a field element, and if so appending (at 892) the received stroke to
the digital ink of the field value 871, interpreting (at 893) the accumulated digital ink of the field, and
determining (at 894) whether the field is part of a hyperlinked group 866 and if so activating (at 895)
the associated hyperlink; alternatively determining (at 889) whether the formatted element
corresponds to a hyperlink element and if so activating (at 895) the corresponding hyperlink;
alternatively, in the absence of an input field or hyperlink, appending (at 890) the received stroke to
the digital ink of the background field 833; and copying (at 891) the received stroke to the current
selection 826 of the current pen, as maintained by the registration server.

Figure 38a shows a detailed flowchart of step 893 in the process shown in Figure 38,
where the accumulated digital ink of a field is interpreted according to the type of the field. The
process consists of determining (at 896) whether the field is a. checkbox and (at 897) whether the
digital ink represents a checkmark, and if so assigning (at 898) a true value to the field value;
alternatively determining (at 899) whether the field is a text field and if so converting (at 900) the

digital ink to computer text, with the help of the appropriate registration server, and assigning (at 901)
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Figure 38 shows a flowhart of the process of handling pen input relative
to a netpage. The process consists of receiving (at 884) a stroke fromthe
pen; identifying (at 885) the page instance 830 to which the page ID 50 in
the stroke refers; retrieving (at 886) the page description 5; identifying
(at 887) a formatted el enent 839 whose zone 58 the stroke intersects;
determ ning (at 888) whether the formatted el enent corresponds to a field
el enent, and if so appending (at 892)2 he received stroke to the digital
ink of the field value 871, interpreting (at 893) the accunul ated digital
ink of the field, and determning (at 894) whether the field is part of a
hyper|inked group 866 and if so activating (at 895) the associ ated
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the procesf fsoMie.i n Figure 38, where the accunulated digital ink of a
fieldis |nterpreted accaording to the type of the field. The process

consi sts et eF3derientr € Qf“"?g‘éf whet her the field is a checkbox and (at
897) whet her thea pﬁheg;bxtfakommkndheﬁlb&ﬁmﬂﬁvh&h(i?sl’\l&ﬁddﬂﬂ]b&}ly ande ipigesovasisi gni ng
(at 898) a érarltueduecill ue. Lo ;Qe {48 Idntvu%&# alternatively determ ning (at
899) whet hBF T h Tel'd 8% "ex Pel'd and i f so convertin (at 900) the
digital ink to c@meﬁee‘rewoemand%7mbphé01ﬁ@rrpcqﬁmap4@8aqulp@ptﬁg o eonpggd st rat i on

server, angs 3s&kGBiGmald 916,10 get DRSRAR-cOfmaf 911 Qaluﬁgaysar b eshr@d PRl £r t ext
to the field val ue; alternatlvel% determ n whet her 5§e field is

a  signat 078 REpetolma P 1Pr2 &b PRES SRS PoRyRapd P 498§§£’t’ﬁ"e WHETE e Rko 35 t he

si gnat ur e r@ét dbdunerp edmimmand Weesr 2 gevidbdunmielt statubi@inmanf 917 ke shappindjpuie &9-e
registration seryer at o of cdingont ents
of the corr espoxngﬁ;%gﬁég?%a&gwg%tmﬁ%?ﬁgs‘f %dlg%gﬁ &Lt?éé% Ll%gt?g?{lat I on&ser ver
and usi ng veifethp eqrrepapsiing fermjpstapept and thep pradicerraa aktéfgf PrigqdpopsHY the surgpform

Cﬁr r fes plogtilstal&eamalﬂeraaxam&rbresaﬂai aﬁééogylb&@u{saﬁe 25 hyptdisk Ginghicliaal DS h%ﬂﬂat ure to
the field va ver mrands e, .server command..is a
command wWTEH agd ??é%‘ﬂ‘?gﬁg‘ﬁg‘ﬁbiﬂ' °‘i‘%‘l’5 %&%ppgcpa? b f* TSP mcomm%r%élgld?:h rectly
on form pegerapddignoummrmstince msitthﬁn(pecsluces\arp@g*@ rsigted ey ef)ﬂm@md ingt@ge wiin be a
voi d for meeanumad;dffq & gtufmnl &a&s comlm SOIBRNDrin@ Fepord of @é%&mi of f1s comand

910, a get form status conman duplicate page command 912, a reset
page conréEpiEsIIdng @“’gé’@mﬁ?ﬁ’g’é"lg"c‘%ﬁ%" E’(‘Bhﬁl‘n‘ﬁ’nt& gen it WS gter o Bhogolt (e nt
comand 93;5medaandme$@ﬁ1sdm§¢ﬂmrﬁmq&mnd 916, or a get docunent status
command 917, as Sscea n Fl%%\ 39. A void for

nd
correspondi ng f ori i ns‘ima% AT RS ?3?nrsﬁcc%mrénof R cago lfa% fo"be
corres pondwigedflgmwducmstaanwéommst@h@m wterdcm@stmam lamfplve*nmflpmlsé@reém)y of the

current f %mlly implemented as a hyperlink,

A duplicate page command produces a printed copy of the corresponding page instance

with the background field value preserved. If the page contains a form or is part of a form, then the
duplicate page command is interpreted as a duplicate form command. A reset page command
produces a printed copy of the corresponding page instance with the background field value
discarded. If the page contains a form or is part of a form, then the reset page command is interpreted
as a reset form command. A get page status command produces a printed report on the status of the
corresponding page instance, including who published it, when it was printed, for whom it was
printed, and the status of any forms it contains or is part of.

The netpage logo which appears on every netpage is usually associated with a duplicate

page element.
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instance with field values preserved. The copy contains the sane hyperlink
transaction IDs as the original, and so is indistinguishable fromthe
original to an application. A reset formconurrand voids the correspondi ng
forminstance and then produces an active printed copy of the forminstance
with field values discarded. A get form status conmand produces a printed
report on the status of the corresponding forminstance, including who
published it, when it was printed, for,,whomit was printed, and the form
status of the forminstance. Since a form hyperlink instance contains a
transaction ID, the application has to be involved in producing a new form
instance. A button requesting a new forminstance is therefore typically
i npl en}%‘nt ﬁd as aerﬁ%a_%& MtancéNis dutibdi<aaki@ fPd Y&ucs glrambai Pl Qluks gﬁfpﬁmfﬂ(‘;h nt Ied
copy of t cor.respondi n i nst ance he ac oun ield val ue
preser ved. &f“f ngire P"E‘éd'@' ac%ﬁg‘ﬁi%ﬁ‘s PRSP ‘y‘\ffd gf) k&’fap aS‘#J i PRER FThe
dupl i cat e tp@ge tegtoOAtRMrEWinG ahdigantpieedppdlr @shes odginpl fooa twih & ognaucermaprlied A r eset
age co f orrespondi n age instance
pag %&%&%@? lél?xaa‘?&%fh'&c%%ﬁfr‘é@%m% erifldio § P g pag

V\nththebckgr t he page contains a form or
is part of a forMdupliseindechment @@mancbafg@cwm%@y’ﬁ ‘g‘t erpedag doymeny r eset
form ComﬁﬁanceAwﬁ?EacQé&ﬁd %ﬁtﬁﬁesc&eamaﬂ P [h@dfd&ﬁféntacoﬂﬁlhﬁ&@doxﬁ@pﬂéd ton the
stat us of corres?onqﬂﬁgwra%e Estance i nclu qﬁ mg ubI| ed it,
when it wd p Fﬁeﬁ?céﬂem iqafes fhe forms inthe sarmp way g qupligate 1opm yoe §%y f or ns
it contai ns resdt dp@mmmbmmefnd pideen & prxagjeopyogfGhevdoireshonding deoumend ms@vsemth net page
|5 usual ! You23R0EH AP O eyl UPlip B FrenABAEELE TR, n RO S0l WhEN 2

page i nstanc 't cate val ues preserved, field values are
printed i rpomeqdrresqﬁtthev@mdp e Jame way a é%@cfkiﬁaamraﬁb@&f & g dgoument SRS d

checkmar k ghaghi peodu@mal pﬁxﬁéﬂtrep%a RE e %mﬁ& of tﬁe}’d@&&sﬁ&ndfn@ Wdcuméan i.nytaldé amivagg and
their er |na form n acco anied by

S t

2 S andar AR PRTAT e Catopg-E Rt Pt el PR o BafriRR

dupl i cat e docunelthe papmsaved cuumoddic 8® selecpdT witibde & @q@yhe@ﬁhetcmn@é pmeeam omdi ng
docunent dxe’ﬁ%é‘ﬂ&tgnﬁé’& l;yhhé)@eﬁg gﬁtpeldpglef:tloﬁ lrghey ﬁxlax'rl Srth 5&% an 5 le co;ngﬁndj ocunent

cont ai ns any or ns p i cate docunent command up |icates the
forms in tHs alows %‘gﬂfé’a%ﬁ}ﬁfl"?f(?a‘t“éa“f‘bﬁ"ﬁf’ B alh e dpaskpage %e?né@tta%ea&ﬁe nt
command prsaekdt Gammand Plerhdit PEhE@PYna@l pigh ©er@dsdnRBRT) thek tﬁgcodﬁﬁtﬂ’iEighomdnSt ance with

?ﬁg k rg re gg? d d I)IC 5 lrrgAI%/ a lpi"'c%?on cax(ljprowg %pghC?thOH—S?eClﬁrrgar)IHﬂ‘eg%t er(r:lgeraalg}tlg {ﬁg reﬂ:@é{ﬂ %a ;{TB f Of’ hme il

command doever cammpad eldm@(u ireriypsstindedigroupe B‘Fﬂm&ﬂﬁemr@é%@% tha h)p’Pfihﬁt @?PCllﬁ'e?) ort on

the stat U%mhemﬁrug&arg@mm@megelﬁmmggage&areaaaﬁﬁana ncluding who published
it, when it was printed, for whomit was E 18;.“ dd and t he status of any
n

forms it contai nd PAeFSeRvFecopugRd ElEpepbs Yn ddhuscr 8 At PR bute i s
set, then cbiluRand eRIAEINdocd perateem input zdnbien p agpe ahd:l!brdamfot xchetinatet] kigecpeby & cur r ent

sel ection use?‘tlr| em'& k;[ovbrg'@r Qe acha?edQ'%ga ag sré;v@r' &hglgrldtega%ea%gm%erent page, if that
4 page server command has its “on selected” attribute set.

1.8 STANDARD FEATURES OF NETPAGES

In the preferred form, each netpage is printed with the netpage logo at the bottom to
indicate that it is a netpage and therefore has interactive properties. The logo also acts as a copy
button. In most cases pressing the logo produces a copy of the page. In the case of a form, the button
produces a copy of the entire form. And in the case of a secure document, such as a ticket or coupon,
the button elicits an explanatory note or advertising page.

The default single-page copy function is handled directly by the relevant netpage page
server. Special copy functions are handled by linking the logo button to an application.
1.9 USER HELP SYSTEM

In a preferred embodiment, the netpage printer has a single button labelled “Help”. When

pressed it elicits a single page of information, including:
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This allows a nmenu of page server conmmands to be printed. If the target
page doesn't contain a page server comrand el enent for the designated page
server command, then the conmand is ignored. An application can provide
application-specific handling by enbedding the rel evant page server
command el ement in a hyperlinked group. The page server activates the
hyperlink associated wth the hyperlinked group rather than executing the
page server command. A page server co nd element is hidden if its

"hi dden" attribute is set. A hidden command el enent does not have an input
zone on a page and so cannot be activated directly by a wuser. It can,
however, be activated via a page server conmand enbedded in a different
page, if that page BfnkElonkRidyBNd has its "on sel ected" attribute set. 1.8
STANDARD FEATURES OF NETPAGES In the preferred form each netpage is
printed with theSECHUGE" 1882 the bottomto indicate that it is a

net page and t herwep-rehdypsenunt er acti ve properties. The | ogo al so acts as a
copy button. In nbst cases pressing the |ogo produces a copy of the page.
In the case of ado lg?enm”&rtc‘%l et%‘t‘ton produces a copy of the entire form And
in the case of aombrlindragoetiedntirectyyich as a ticket or coupon, the button
elicits an expl apgdilhneRr&idet 2 BN ETidal RA0A oPASR0 ust AR nblpfe8lkdEmSi NYl e- page
copy function is _handl ed directly by the relevant netpage page server.
Speci al copy f un&isdgrieentfction mepiigelpsdss the fllgving finglens:nogo button to an
application. 1. QrdSERHERBocEMSIEM I N a preferred enbodi ment, the netpage
printer has a sin laeclebugot or alﬁz)abel |l ed "Hel p". When pressed it elicits a

si ngl e page of it ormat 1°8hY 4 et udi ng: NPS035- SG 28 status of printer
connecti ot st atnuist thfstaps pfaderumsginsunabl es  top-1evel hel p nenu docunent

function menu  t @RaduRYR bindtSh RACEAGY WRDEK pRibdir Gle@ltton MM GhubhifERYpdaE OVi des a
hi erarchi cal, manual on how to use the_ netpage stem . The docunent

function rEMS dorrEetfaERe stas of & AP drdfeatit Phoopiblishedyi prady whin, d¢ 3oyt Was jocunment
print a cldeimredapyto@horarddhen it Rdsistitseqhdh@ly Sbafttebas@afford. docunment A docunent
function is initjated i ) r essi h t chi ng any
page of the dqcthﬁenﬁ?éggﬁ%mgpt@d zlar%{cltjés;y gl owaggdl%:eﬁ r?oe%tglglgt%g’f %%%fa%?\?\ﬂpgg%gﬁﬁg% shed it
and when, apdsepticsrer the geiork. de fah giternative, thneber gn plidha netrdzovisarki “PO0ggmber
subsequentfios et 4,8 She@Stod HuBhdTbperator. The operator can locate the desired document and

route it to the user’s printer. Depending on the document type, the publisher or the user pays the small

“yellow pages” service fee.

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

2 PERSONALIZED PUBLICATION MODEL

In the following description, news is used as a canonical publication example to illustrate
personalization mechanisms in the netpage system. Although news is often used in the limited sense
of newspaper and newsmagazine news, the intended scope in the present context is wider.

In the netpage system, the editorial content and the advertising content of a news
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.

21 EDITORIAL PERSONALIZATION

A subscriber can draw on two kinds of news sources: those that deliver news publications,
and those that deliver news streams. While news publications are aggregated and edited by the
publisher, news streams are aggregated either by a news publisher or by a specialized news
aggregator. News publications typically correspond to traditional newspapers and newsmagazines,

while news streams can be many and varied: a “raw” news feed from a news service, a cartoon strip, a
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The net page network directory allows the user to navigate the hierarchy of
publications and services on the network. As an alternative, the user can
call the netpage network "900" nunmber "yell ow pages" and speak to a human
operator. The operator can |ocate the desired docunent and route it to the
user's printer. Depending on the docunent type, the publisher or the user
pays the small "yell ow pages" service fee. The help page is obviously
unavailable if the printer is unable tQ print. In this case the "error"
light is |it and the user can request Tenote diagnosis over the network. 2
PERSONALI ZED PUBLI CATI ON MODEL In the foll owm ng description, news is used

as a canonical publication exanple to illustrate personalization
lm%‘c han Id S MBfreRAnde hfﬂtepe&omed iﬁé’n’ilts?{meuﬂ)&ahpm rE8N8 olvd e—QfEui en used Id n the

imted sense of news er and newsmagazi ne _news, i ntended scope in
the present cont &% “efpégevé)alécf’“‘ml SV ?frfépﬂ‘igi s gebligapey & d“'f%’éewéa? 1BHP%H1% cont ent

and the admﬂr%iﬁéIgm@ﬂmh&ﬂhwﬂbb&mﬂ@Wﬁmm$uﬂyhﬁﬂmgaﬁt&Eﬁ%@ﬁﬂ$ﬂhhﬁ$iéﬂ usi ng
di fferent ] Ofi k. L REJ; N v ing to
the readerP EAbrt a0} 1o SRl o BOVERE, hsoREE AL B e BRGE, 1D

The adverUF$$ngﬂW@dﬁﬂéﬁPMﬁ§mp@ﬂ§@nahpﬁéﬁ accordlng to the reader's locality
and denogr aphi €. 1 dhbdetlled t¥Rldé\a PEBM&Z@T%%@ oﬁélbnsﬁl’)ﬂe Refurituasy &AW On two

ki nds of news sources: .those that deliver g lg d faglons and t hose
that del i WPEPLCAiRE 2wk reatinge Pevpialized Mesien 9 s B tertiing dapsditiopy Ms grptestend ngd
edi t ed by tbld togethbr ints heingle NSMEpSt TieaaBous memiRGE @ Yaubchold eipichiyrexiyss dheinews

publ 1 sher erelagf' s?s%&laﬂ%s ‘Eéfecﬁl?"éﬁffere% ?ﬁx%ﬁc%ons NaWRn %B&%ﬁ@iﬂaﬂns typically

correspon dit1ona ers an ewsmagazi nes ' e news streans
can be many and %Ffrcbaubhaatlmra élwreaﬁ@mtlom@b/del¢qts<§mceﬁc FRstins.Semg pestions 2ppesar t oon

E tri 8: a dtNEySQﬁﬁ ogh@sg]%)earf“feaﬁ}l QMIW\&':F%W avfsllagl@ lferHﬁgT Revf ‘tférElee§oxthI betin t
oar or ere . net page pu ”u at.ion .seryer .supports
t he publlfﬁPWEhm ‘geagf§5”ﬂﬁvgg@ﬁﬁﬁ %FF%ﬁgsaso §m?%e Y8§ati on of
mul ti pl e rfEeubndddgy’s ands SpaBy’. Mirsell of agilibiease@iggriegedficona publicah@ncses thddefault
formatting,Qf. news streans selected directly by the reader, the server is
able to place advertising on pages over which it otherMAse has no
editorial cont r ofhe reppes ca sisisrd thydaly Bryfspager by crgating (usiqBieeiefecnpe didVisgt i ng one
Or nDre CoRtany Bidknbdd Bf NBWS strdbib)| CERI Qdfons AMdght GE Sodated Qforae-ﬁﬁﬂl s@nahduased

version of each. Th res .ting daily editions, a ou
! oget hor FHPGEESfn CPa RS SA 2 PoRiER 21 B Bt Prs Rl o
typical | y“eigpmess their different interests and tastes by selecting

different daily Y Qzlch gé%tnly bR r@aﬁg Jpﬁ&%lﬁéﬁ%ﬁ%@‘u? kil elt;ﬂglec'iﬂahtgt%ly?@%ghort
publlcatlon the reader optionally sel'ects specific section onme _sections

appear élym ofire)eor Grpaically Gisprs glimiteon i vmbqrwépaa%f PR taeietired propasioniof ab| e
from The ble)eméﬁﬁg, lith&s qm&aﬁ@a& {ekEhigH, Bdrmal @ HoheB or hudtidalle(i.c. Raggerdanegefl us”

Nat i onal ! ntﬁ[& I;]eaa er also (l)ptlbnally xpress(e)s a preferlénces %or ?arge numél;' E)ts s4l(l)‘r{ argc.ges 'or

a small number of longer articles. Each article is ideally written (or edited) in both short and long

forms to support this preference.

An article may also be written (or edited) in different versions to match the expected
sophistication of the reader, for example to provide children’s and adults’ versions. The appropriate
version is selected according to the reader’s age. The reader can specify a “reading age” which takes
precedence over their biological age.

The articles which make up each section are selected and prioritized by the editors, and
each is assigned a useful lifetime. By default they are delivered to all relevant subscribers, in priority
order, subject to space constraints in the subscribers’ editions.

In sections where it is appropriate, the reader may optionally enable collaborative filtering.
This is then applied to articles which have a sufficiently long lifetime. Each article which qualifies for

collaborative filtering is printed with rating buttons at the end of the article. The buttons can provide
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"Technol ogy", and "Sports". The set of avail able sections is specific to a
publication, as is the default subset. The reader can extend the daily
newspaper by creating custom sections, each one drawing on any nunber of
news streans. Custom sections mght be created for e-mail and friends’
announcenents ("Personal ™), or for nonitoring news feeds for specific
topics ("Alerts" or "dippings"). For each section, the reader optionally
specifies its size, either qualitatively (e.g. short, medium or long), or
nunerically (i.e. as alimt onits nurrber of pages), and the desired
proportion of adverti si ng, either qualitatively (e.g. high, normal, |ow,
none), or nunerically (i.e. as a percentage). The reader also optionally
expr esses aae%eﬁc%eq&gemie@fana“&aﬂ(ge) RUGRAE m&E 1Bk @adeds ill 6bRS tdte R Shal |
nunber of Io ger articles. Each article is ideally witten (or edited) in
bot h shor t**%ffd long forns to support this preference. An article may al so
be witten (or editicled)with migti frfogties rind \sharts iifotigest e thatebine tifretielyp@otidedcd

SO St C Al BladlE ol AR na LOLFKATHE, KRRl bRl | OF el & ang adul 1
ver si ons e a Fate version 1s selected accordi ng to the reader's
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their biolgg h&aﬁe %gﬁ;memﬂy aAltighGlesipii kefr m&em&m&&ﬁm&ﬂ&tmmmgﬂmel ect ed

and prlorlt the edi t ssigned.a usefu time. By
def aul t trfeif%afﬁtéve g B e R S @%&"ffgﬁge}déﬂg S‘f“ﬂ"‘b‘?“}‘ 8 H? or der,
subj ect t oo gip&ader’s graficdaapatisy. Anliffelvet ssisiibigtyifdser sin be shietifi@fer. differensdagtdfons
where it igs ropriate, the reader may optionally enable collaborative
filtering. I's is then applied to articles which have a suffici ently |ong
lifetime. Each aFheireade alypprtienadly apecifipsdapigsol pariigylar Wisespiaithipe spitipp@apd g i s

printed vmngohlﬁesattléI;}gn@dags@ﬁbabﬁhegch@mend of the article. The butt ons can

provide NPS035- 3G ea i.sliked maki ng
it more likely tﬁ? SP%&‘S‘S? ‘fa‘%}lf fmeﬁriff ‘f‘?é"?‘ec't‘og‘ aﬁﬁ‘its tlé?h htyﬁt‘fv “nage%\ratnl%l es with
hi gh pri ordelivered Thnctadshaptibnally $petifieve preferancd foefeedr dnagesefr Sl m&eyom;ﬂlslf der ed
essential Y eadhng, Liiye diiAfacBOk h&rr§du@éadth§fﬁ1age§hla§/% flvdrQ ARFr @@mt

subscri bers. The reader optlona y specifres a serendipity tactor, either
qual i t at i Jeeyregalitign orifh greatefpmpressie)y pri se ne), or numerically. A high
serendi pi ty f act &ra diobuIRdvel, hdRadehipesine helv tll&ﬁtdlezf Ga’tes[mie@ Bdrigpnéethty vih@s are

col | aborat i i ve terin A hi gh factor nakes | re tha he
correspon nge‘IséJh'tslchhlvvmsFﬁmf%negg Fhefteiagess 5§ L?hegalroéén & asiogalfgu& Ted (t:l%t]pam ty. A
di fferent f@@ﬂtewd iapacelycufreaeyt, errd vehmtheriske lgqlizatifn cobist ofin etifuftfaesflaélm Ordawtleff t he

week. The HgagefreileSRe &n@ed%aldlaeeaﬁa%%c;ﬁ@gy depRitCcs of partl cular interest

wWithin a section, and this nodifies the priorities assi ﬁd g/tlhe
editors To reduce reading difficulties caused by poor eyesight, the reader optionally spécifies

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

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

22 ADVERTISING LOCALIZATION AND TARGETING

The personalization of the editorial content directly affects the advertising content,
because advertising is typically placed to exploit the editorial context. Travel ads, for example, are
more likely to appear in a travel section than elsewhere. The value of the editorial content to an
advertiser (and therefore to the publisher) lies in its ability to attract large numbers of readers with the
right demographics.

Effective advertising is placed on the basis of locality and demographics. Locality
determines proximity to particular services, retailers etc., and particular interests and concerns

associated with the local community and environment. Demographics determine general interests and
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The speed of the reader's Internet connection affects the quality at which
i mges can be delivered. The reader optionally specifies a preference for
fewer images or snaller images or both. If the nunber or size of inmages is
not reduced, then images may be delivered at lower quality (i.e. at |ower
resolution or with greater conpression). At a global |evel, the reader
specifies how quantities, dates, tines and nonetary values are |ocalized.
Thi s i nvol ves speci fyi ng whet her unitsﬂare inperial or netric, a | ocal
timezone and tine format, and a |ocal currency, and whether the

| ocal i zation consist of in situ translation or annotation. These
preferences are derived fromthe reader's locality by default. To reduce

readi ng digrggcaif;gtfog@dgwg%%Qyndg,gggueg,y,esi ght, the reader optionally
specifies a global preference. presentation. Bath text and

or_a | arger 1 i -
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and  NPSO3Bve8isers vith idiilod tqaddrs’ @apss asdowl decetving ltickadteptisgpend omcpdpatistrarns. A
news publ i r' i I j | Sing "space", a

mul ti-di rrearﬁfts}ife(r)’ r?gffrﬁppzéﬁ%r%%%%t er %nﬁésggébég&% i?%“?&‘%‘?f‘%%t ion's geographic
coverage, the siThe etrapg systemaaiioms Hdpertisngstor e diled hdigsctlydondiirlapmradect and t he
page ar ea im¥aticARhEonli@puRBRE i (Bdrdle ralsts thd 1Rl RRGEY tBkd¥eaiding bgag. net page

blication server co tes the r oxi mat e | ti- dinensional, size of a
Bﬂbl : cat : on's s\z; EABT %%Psg‘&@@f‘?‘i"é‘f'ﬂ"gﬁgﬁg?% ge%?f‘dghl ﬁ“é‘%’?aggbﬁyo‘ﬁ{pﬁ%’é’?@fc;@&ki ng
into acceewrs, tahedpuibbg egtdcgor @n peogk apitiaclydoed reagege bhbotls goiaphy’ and

reader Sh' Qem&g%hit?sj. ’ﬁ:ae s%secfléﬁ lea(g%@gﬁ&; 3 eﬁ%%%écgtﬂe ﬁ(?s' au:oﬁghc. ﬁﬁsCrHakEsQ?xﬁé‘rE' S
advertising proportion, and each reader's denographic. In con;{)arl‘son W th

ot her medi*@tefRérefyrpigiorssy debmintdvgiitoepecranren S firgspriee «tvtitee def i ned
i n great eEvaahdil the advettigde QWEga®RBItdkeE aPiop6@sn @hadiettishOreb@us pltlisisepay at el y.
It theref ?'Jl(? thaeI (!hgnvgves pirotﬁt—;[le(\)ltral because of the greater efficiency of aggregation. The advertising
aggregator acts as an intermediary between advertisers and publishers, and may place the same
advertisement in multiple publications.
It is worth noting that ad placement in a netpage publication can be more complex than ad
placement in the publication’s traditional counterpart, because the publication’s advertising space is
more complex. While ignoring the full complexities of negotiations between advertisers, advertising
aggregators and publishers, the preferred form of the netpage system provides some automated
support for these negotiations, including support for automated auctions of advertising space.
Automation is particularly desirable for the placement of advertisements which generate small
amounts of income, such as small or highly localized advertisements.
Once placement has been negotiated, the aggregator captures and edits the advertisement

and records it on a netpage ad server. Correspondingly, the publisher records the ad placement on the

relevant netpage publication server. When the netpage publication server lays out each user’s
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be sold at closer to its true value. For exanple, the sane advertising
"slot" can be sold in varying proportions to several advertisers, wth

i ndi vi dual readers' pages randomy receiving the advertisenent of one
advertiser or another, overall preserving the proportion of space sold to
each advertiser. The netpage systemallows advertising to be |inked
directly to detailed product information and online purchasing. It
therefore raises the intrinsic val ue q& t he advertising space. Because
personal i zation and | ocalization are handl ed automatically by netpage
publication servers, an advertising aggregator can provide arbitrarily
broad coverage of both geography and denographics. The subsequent

di saggr e9afisHalided pdlifatiGd, 8 PlksIRGAMIR alivertiSneAd EOIRE héipagdd¥issvérakes it nore
cost-effective for publishers to deal wth advertising aggregators than to
directly c&btur eUSRRFSOFE ng. Even though the advertising aggregator is
taki ng a EaportinedsimafiomEineriidg Si ng revenue, publishers may find the change
profit-neutral because of . th reater efficien of agare i on. The
Nvertioing agol Sgdeariaiperudh SR B dhiafeeRi stim SRSl bRl anc
publ i sher grofiendfommatonpheledingt he sane advertisenent in nultiple publications.
It is worth noting:thatuttiRi@agement in a netpage publication can be nore
conpl ex than ad l'lacenent 1 n the publication's traditional counterpart,
because tHe publlakerpiysfileriagyesiorsi sing space is nore conplex. Wile

i gnoring t-he fuldnsougpiitexi ties of negotiati ons between adverti sers,

adverti sing agq;ec&?xars and publishers, the preferred formof the netpage
syst em provi des PSRRI REHECEd  support for these negotiations, including
support for autchat edtomizaionoefs a ofubbirdiier isi gpiaglys plbation-sperifmand on ths

parti cul archyonﬁaﬁénr@a'mqﬁmgmmamalbaﬁl@;s%%n &ﬁpagedp\aprcstlioa@met s which generate

smal | anounts of income, such assmall or "highl ocal i zed advertisenents.
Once pl acenent hasclsostivifdiserg weteiFonsisiof RgBeRtyatng? ofeymbsr akremiemsdi t s t he
adverti seraitd to abehlatahfidBuskds’ iBtBreds POEhP AGFOsADf MmaKinSEcomGeidaRBN AMbbuagy| y, t he
publ i sher recor.ds e ad .pl acenent  on th rel eyant net ubl.i cation
R s et T g U R S PSS
32 per sometilicatien) trubirt bt lewnns Why ipis gloge Rrimtical &4 waiptain agehpeiet vegembientash f rom t he
net page aguﬁi_@JtiKQrmere 2 l?l(efyjsg%e mb%ﬁ% _get\geegl tllen&eg&m s@3cribbik 1t fitde NGimd NE
personalization of news and other publications relies on an assortnent of
user - spec Pyyligation, thag hefween thoss of supserpers tp difiersrfipubficatiopy pird PEa¥P ALLEB A zat i ons
col | abor atwant@o biedehtaitsiubls’ vab@itsre filtding vatls dohdiof e viiueas @nbaid, ast wbef er ences

found elsewhere. Collaborative filtering vectors are therefore also maintained by the relevant netpage

-

publication server.

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

Presentation preferences, including those for quantities, dates and times, are likewise
global and maintained in the same way.

The localization of advertising relies on the locality indicated in the user’s contact details,
while the targeting of advertising relies on personal information such as date of birth, gender, marital
status, income, profession, education, or qualitative derivatives such as age range and income range.

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 unique
identifier, and the netpage registration server maintains the relationships between them, as shown in

Figures 21, 22, 23 and 24. For registration purposes, a publisher is a special kind of application
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The custom zation of a publication is typically publication-specific, and
so the custom zation information is nmaintained by the rel evant net page
publication server. A collaborative filtering vector consists of the user's
ratings of a nunmber of news itens. It is used to correlate different

users' interests for the purposes of making recommendati ons. Although

there are benefits to maintaining a single collaborative filtering vector

i ndependently of any particul ar publi%ation, there are two reasons why it
is nore practical to maintain a separé&e vector for each publication

there is likely to be nore overlap between the vectors of subscribers to
the same publication than between those of subscribers to different

publ i cat i oRsvideR B spublidoh &AlshRRAI dirkt Jehgphladod © Want to present its users'
col | aborati ve fllterlggqvectors as part of the value of its_ brand, not to

be found el sewhE#R vseeR|0mapbr athoreed g ys anyinprgbey fripiets 807 andieprl PRI ™Y 3] so
mai nt ai necdliby atylimbee bRuaiio uaeit. [Faghiser Pashalsingla Héfail pHREA(&166), foavhich périodiedlai | s,
i ncl udi ng nanme. street addr P Code, . st at count.r | ephone
nuber . ARBEfost i SR P A, S RNl B RSP U e B BOBREE o
server. Prthseshiwhich thaugor ie foéeractingeBhe s¢rvee kagph tragk fmbiskepubbishers| g uat liag dudmrizedat es and

tines, ar 8o bl‘n}f %@&er’s%eﬁ@%rﬂ@cﬁ% mllslﬂgr%&qgt ﬂe&ré tH@IDscﬁ' Wular-ggﬁter but

| ocal i zation of adverti si ng_rel ies on the locality indicated in the user's
contact deRspd solveyifis IDavhep Risrequisedy | ng of advertising relies on personal
i nformati on suchwas 4lade subkcribésr 408 ,to @ gblRktion 887, tha publidka$06.c. | apliosdn

profession, edu i.on,. or qualitative rivatives such e _range and
i ncome rar%oevf eﬁ:go?}t) t%(%%ﬁéonlzfsdetésp%go éhsg%;éleedtpggt fevea ufieerrS s‘%%‘élfgfuﬁ?rbrl}%ﬁti on for
adver ti si rigtherizetiss sande revpieed af anf nnlayt theomneri Eacisenmhayibane deviow! tepse8Ot dbicammt

net page rggiRtificld #Bnde LELNIE aluBer i) GutRRSRING QisOh p&HGHhr phiftErO R tHaCftintor _
advertising can be targeted on the basis of the denmogr aphi ¢ associ ated with
the user' $%OPZS By oAPELSeYe. Each user, pen, printer, application

provi der and applhegai M ds&l @ dcchtg Miecoirésfonding ustn payfile mainthénad b b @srticuland t he
net page reaqi ' [V | | he rel ationshi ps between them as ,
shown in %%F%%gegé&a%s%%r%%@giﬁgh%&ﬁ E)‘rh'%r"egi stration purposes, a publisher
is a special kintWsb tappilidearindn autpels-rae 033 pagewyinefeaee P, allowdl i cat i on
i s a speciwdy phdel shdQbtpabe Rbdufmdid SBoundE Burlds &eb BRVsiNBY bB Gordéhidi® JrR@ot O USE
any nunber, of %trl nters 802, and each printer may allow any nunber of users

to use it PEERGREEPANY 4 single default printer (at 66), to which
peri odi cal publThe attpagasystan eancelldcy en baialbyf adeh@uprovidentites atd cpagisgonppr Nt ed on

demand ar el bRk Aol phlftadbd il on'd¥ BHARRHGH, 66 HORL: Lf efiber act i ng.
The server keeps track O whi ch publ i shers a user Ras authorized to print
to the uséfvedisigefoesytlick-frquah &es, e-pompupiciceBissipad Aypachaciersdf th@riney ivf any
parti cul abwidbtheiiser, thet the isBiSé @StinteHolides the ID when it is required. Wen
gpgls Iegats Iugflc r beEsalch81ge8r a sg hgs aP r%lt%laéeca%ggm(l)t%Zg \OJV ich Jx[s Q?ed%] chc{n%qug mléroo@deéi{s 'agd

credits (such as those described in the preceding paragraph); contdct 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.

23.2 Favorites List

A netpage user can maintain a list 922 of “favorites” - links to useful documents etc. on

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

hierarchy of folders 924, a preferrred embodiment of which is shown in the class diagram in Figure

41.

233 History List

The system maintains a history list 929 on each user’s behalf, containing links to
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provi der 803) is authorized to print to a specified printer or the user's
default printer. This authorization can be revoked at any tine by the
user. Each user nmay have several pens 801, but a pen is specific to a
single user. If a user is authorized to use a particular printer, then that
printer recognizes any of the user's pens. The pen IDis used to | ocate
the correspondi ng user profile maintained by a particular netpage

regi stration server, via the DNS in tl"g usual way. A Wb term nal 809 can
be authorized to print on a particular netpage printer, allowing Wb pages
and net page docunents encountered during Wb browsing to be conveniently
printed on the nearest netpage printer. The netpage systemcan collect, on
behal T of fcRh@LET cotags%ﬂerm §igh apgeqﬁgamt% QDS pddlbed dsAQREBra6E IRED
through publications printed on the provider's printers. Such incone can
include  aRRrefEcr spbngineatol vhigh i ¥Rvt RS G 42888 1 exSiner ce commi ssions, and
transacti oz]4fees;m¢|_fuetghnep4yglmtf@ﬁ |s owned by the user, then the user is
the printer provi Each, user al as . .a ccount 820 which is
used to accumul altrlg RYRAED PRI YRR S§ﬁ'8r a}%lo%%’ﬁug 1%2 r?’lﬁg’(%soef eghsélrelrﬁed in

"t he precediersopajizd aghticatiby on T@rHoaby-sadtdnebadis SBJebmost m¢rt1ﬂ§mwg€ angirghe formgdr ess and
tel ephone gaygpﬂ%édm@ng@salhe%@mw&ma ford RGNS | vacy, delivery and

I ocal i zati'on settings; onetric records 817, containing the
user's encoded sT‘@ri’é‘(eﬁi’S@g 8a118 for afSF‘i‘f@‘e?aﬂle ?ﬂme?fw@t“@myé%ﬁﬂ(ﬂ‘i‘?grf@‘%del 819

aut omat i Cadn'ddlﬂ&hlrﬁagdsﬂﬂ(ﬂmbye debiRn,Sd R MM 1304 a@ETthmlaﬂydiErﬂils [(3:%) dg(ﬂlﬂﬂﬂﬂnt s 821
with which e-co Favor A net page

user can ﬁ;ﬁ?f}ﬁlrg{irne ager}lqt éci %ggczte c%ose?)f tée@ Oef_hlto dl a.nd adv[:r.usx?gsco?tentl stug]fas Ip anogcuman ts
etc. on tfweosfet pageal setiicallk within the Iputsrpatlpsbqwmsmfaq sneséhl fegture lor dssipgoussaifon t he
user's behgld,. ehdii S Organi zed as a hierarchy of folders 924, a preferred
enbodi nent of Ich is shown in the class diagramin Figure 41. 2. 3.3

H story List TheTheyaditerial peent seiepted & Hiestsghy jrolufiag tgbapd Aysogiaied impesrad pehal f
cont ai Ni NGrdphiBk B tHeD1aid RSO RNl fiousdahetailts et C. accessed by the user

through the net p’ﬁ% flt?lg ?nt'o\?&r.s?s érH:Eudljng OI‘ g(‘:rtyonz 0 aﬁsa gndathe se %109 gg({ltggal c+__n§e§1t a

preferred enmbodi MEN1 'S8 Shidwn lagramin
2.4 | NTEL mwmw@cmvmmﬁmomtgp@geammm elaltelcmpbs"@blv‘e’rthealﬂ?féﬂmeﬂ caI I y

| ays out ts%o@ﬁﬂ%f&énc@@@ke&Q@ Elzesprefa‘gifc§ Qiﬂadobvg\%g bP HhRkAe8 3% leFng@veﬁtlme
section-by-section basis. Since nost advertisements are in the form of

pr e- f or mat? ‘e’ﬂngrségetﬁ&?‘i‘b‘faééo'daﬁ”ﬂﬂ?“%e pl aced on the page before the editorial
content. B® advmdwsun@pmtl o for a section can be achieved with wildly
var yl ng adver ti Sbncg %clux(r)lesnt 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 informatioﬁ shared between multiple users’ editions. The specific information
consists of the page layout. The shared information consists of the objects to which the page layout
refers, including images, graphics, and pieces of text.
A text object contains fully-formatted text represented in the Extensible Markup Language
(XML) using the Extensible Stylesheet Language (XSL). XSL provides precise control over text
formatting independently of the region into which the text is being set, which in this case is being
provided by the layout. The text object contains embedded language codes to enable automatic
translation, and embedded hyphenation hints to aid with paragraph formatting.
An image object encodes an image in the JPEG 2000 wavelet-based compressed image
format. A graphic object encodes a 2D graphic in Scalable Vector Graphics (SVG) format.
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
NPS035-SG



on individual pages within the section, and the ad | ayout al gorithm
exploits this. The algorithmis configured to attenpt to co-locate closely
tied editorial and advertising content, such as placing ads for roofing
material specifically within the publication because of a special feature
on do-it-yourself roofing repairs. The editorial content selected for the
user, including text and associated i nages and graphics, is then laid out
according to various aesthetic rules. The entire process, including the
sel ection of ads and the selection of *ditorial content, nust be iterated
once the | ayout has converged, to attenpt to nore closely achieve the
user's stated section size preference. The section size preference can,
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2.6 DOCUMENT DISTRIBUTION

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

netpage network, a user-specific page layout is separated from the shared objects to which it refers.
When a subscribed publication is ready to be distributed, the netpage publication server

allocates, with the help of the netpage ID server 12, a unique ID for each page, page instance,

document, and document instance.

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

multicasts, each page server and printer extracts from the multicast streams those objects referred to
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G aphic Position Gaphic object ID VG extflow exiflow ID Zone Optional
text object ID:M/XSL Hyperlink Type Zone pplication ID, etc. Field
Type Meaning Zone atermark Zone 2.6 DOCUMENT DI STRI BUTI ON As descri bed
above, for purposes of efficient distribution and persistent storage on the
net page network, a user-specific page |layout is separated fromthe shared
objects to which it refers. Wen a subscribed publication is ready to be
di stributed, the netpage publication server allocates, with the help of the
net page 1D server 12, a unique ID for *Bach page, page instance, docunent,
and docunent instance. The server conputes a set of optim zed subsets of
the shared content and creates a nulticast channel for each subset, and

t hen tags V\lﬁi’:}% aftS Ffmﬁ PeL! )f[ %{' Mtbhméhn}é e@ fpztig% h%ouMdt §h§t@(§t

channel s carr are cont ent use 'ayout. The
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al | owi ng fthst the BB &P 9b1t)t9frtptqn§h e paperrHRPl st BF PR il Q-rage late%hsemét one
page per sgaaftkextdid. i S

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 a timeout
occurs, the server re-multicasts the corresponding shared objects.

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

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

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

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

knowledge of different document formats from both vthe netpage printer and the netpage page server,
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equi val ent to 400KB or about 3Miit of page data per second, which is
simlar to the highest expected rate of page data delivery over a

br oadband networ k. Even under abnormal circunstances, such as when the
printer runs out of paper, it is likely that the user will be able to
repl eni sh the paper supply before the printer's 100-page internal storage
capacity is exhausted. However, if the printer's internal nenory does fil
up, then the printer will be unable to nake use of a nulticast when it
first occurs. The netpage publication 3erver therefore allows printers to
submt requests for re-multicasts. Wien a critical nunber of requests is
received or a tinmeout occurs, the server re-nulticasts the correspondi ng

shared objecis. .On a docunment is.pri;nted, a printer can produce an exact
dupl i cate aé‘&‘éﬁ)}“ﬁwﬁ‘% e(gyen‘r%%?ig?fyg\%ggm:“%é *Page |ayouts and contents from t he
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server is caypppephiyal i nstance of a netpage publication server. The netpage

formatting ser V§Jcreb1?e? g@gﬂgﬁgﬁo fé?en¥@&ia9§§§:n%%EDF€r;q§l€ér ) GAUTRE Lamb REyTERL S,

i ncl udi ng Adobe's Por cunent  For mat azg) HyPertext Mar kup
Language (SPAMLYd degrypiramessage Do BATHigE Wisting (o prehpggeamensagesgpust fsfoarpeg e r
resol ut i onedafelyleh@anpt totRdt page to present Wb pages ina nulti-colum

format, with a table of contents. |t ¢ automati.cal | v inclu Vb
pages directly IF“tr%lécélffyt %ryr%%?%éap r’éq%sé)sfetéege%g&eés e ?Jtrsl%rm%tggar?%%’ugsgst J|)s
behavi or \eha@yptiopkess. Fhetwo deys Rvanattenpinely rélaedrinisechagvay thekasy messdee socspishdar.d

net page b%@@é’j)rfgrkey &aQGh&'Q&&G .t@&&fr@%io‘ﬂelt Yey. @E%f 6 &é tﬁﬁbﬁ%ublﬁﬁé@;idlﬁbl € on
any I nternet docunent, no matter what its origin and format. |t Ft:qdes
know edge tsfotar it ket ivetedide BYRER KeYAGISHHP PPN B’Bﬁs??eﬁtfédﬁqg%gﬁd‘gldﬁro ter and
t he net pagav4aage e setypted WRSAEPuHC kdy/ a nsdabe RirCendy Herdeontped gengahe drivge net page
system from Wb servers. 3 SECURITY 3, TOGRAR Igs is used
to prot ec?( eys'\é}ﬁussi“ﬁ e R SE TR }?ec%\gfin %&eﬁa%%%%%c@r age a o%lﬁlatgéreg%g‘?ﬁ?%and to

aut hent i cdoengesrthat ths privateey is sevaracit is oprmalfhetheholdepofithgprizjtaksy sgepgrate the
crypt ogr aghypal:n W despread use: secret- key cryptography and public-key

cryptography. Thl’etlbl?c?IEeB g etoggaepsmgfl\gal;x lt(xa Es%g t% cx%z?tg Q di(g:ilta sslgsngt%re.o'fhe h(c):l[l«% 8% tl?%n%ﬁp y-
key can create a known hash of a message and then encrypt the hash using the private key. Anyone
can then verify that the encrypted hash constitutes the “signature” of the holder of the private key with
respect to that particular message by decrypting the encrypted hash using the public key and verifying
the hash against the message. If the signature is appended to the message, then the recipient of the
message can verify both that the message is genuine and that it has not been altered in transit.

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

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

signatures and to securely exchange secret session keys. Secret-key cryptography is used for all other
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Secret-key cryptography, also referred to as symretric cryptography, uses
the sanme key to encrypt and decrypt a nessage. Two parties wishing to
exchange nmessages nust first arrange to securely exchange the secret key.
Publ i c-key cryptography, also referred to as asymmetric cryptography, uses
two encryption keys. The two keys are mathematically related in such a way
t hat any nessage encrypted wusing one key can only be decrypted using the
ot her key. One of these keys is then ggblished,'mhile 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 Kkey. Thus two parties can securely
exchange sages without first having to exchange a secret key. To ensure
that the private key is secure, it is normal for the holder of the_private
key to generate n&e follaying ispussipy 1w ISRt iy Brdsg P aBhye s BEniyeR gt o
create a Gifffrhidn bSiwgddalddipe philker 40 h eever, Gfhattabi@allymippadsas thicehy peifitr dbraat e a

known hash of a, nessage and. then .enc t the hash using th 4y e key.
Anyone cgtf‘f FHER °§’/r§$ﬁagya“?‘ﬁ% at?sﬁtew@r{%é%%f 5’0"{;I %cggﬁcaéeoaﬁls R eégletl% hgélgﬁééyi gnat ur e"
of "t he holegkbangoket ih ehepeitificateeto legopangk & lvecret exsyiadiey wWoh thhaervepaand thewbssy theressage
by decr YPLLRE el 1&9@%%&%&%&&1&%‘& sbs56n E}y,bcly' cf:ﬁxkﬁ)\/l, ARHa 8k hrf)ﬁ.’rhmg t he
hash agai nst the nmessage. If the signature IS appended to the nessage, then
the reci pisktlif§met he nessage can verify both that the message is genui ne
and that i3t2 has mebaderainNTBR BEdUREryi N transit. To make public-key
cryptography work, there has.to. be a way to distribute public ke whi ch
prevents i nper sol%’iaélf FgRee Pfﬁfers‘sia?gf’l%rar?ﬁﬁr f’gumdl(‘)lenge’ﬁ%?rﬁa%éng r ?‘ﬁu%g?rgg% g%d
certifi cate sauerorddtanysnempry i e priicfiar ewitie the odtihex tegigtration serverdyahessdThetiirst d party
« whi ch aut hgRb iGAbRSIE Mgk NikhGds 812 PRRLMRGR RpRIIWGIK M seRRITPRRIRRRNE S
identity. The certlflca(tle authority verifies the person's identity by

exani ni ng 2iered vien thy SeRicra iy reeisiserd PhERTEYESt es and signs a digital
certificate contwhdiitRgprinRe cqa@EcBAn 't netgea mbttvprk datthd fist thechfterpinddliat@nkiey .
Anyone whqQ trusts the rtificate . authori.t I in the
certificat& W ar %‘ibg‘f?f’“ gtﬁr?'ep a%'flﬁ%aélsrr?lgfhﬁ ef%? ﬁ)a;t% ?"{eb{;@c g%%%ﬁh%glgoe%%ey j ust
have to vesthdeyregistertiont sqpvere Blyetsprivér cormmareh thg sqorgtiBagainss thp prinigr'g prstt Ireqorsied

certifi catfitdatabRL, iahd accYRABErePistkibLif KRYDE BaViE Il (ndhNRMRs arkiRighPStertlficansact i on
environments, public-key cryptography i.s only used to reat.g di gi téal

si gnat ur eS§°UERe: B PERETPYPlBNR h‘ﬁ‘ﬁdg‘bléceﬁ@é?"es ¥ PYnsiey, Be celifigals Ty s

Crypt ogr apdaigtrdtisn degadabef oOr al | ot her NPS035-SG 38 purposes. In the

foll owi ng di scuSs| A MERAGE ELENGE ol 3 IS, hihDToiREME Gk ARRH 51 On Of
i nformati on between netpage printer and a server, at” actual l'y happens
i s that t he apessiseeretiformptips allqviirg itte verify Prigtep detiff | cat e, aut henticates it
with reference tyhehR&isé@itsidobs BlapuBLthitaAl b teford USREatd i tho Wktpdg€ rd§Biyatio€XChange

key in the certificate. to exc e a.secret. sessiagn key with the server,
and then FEEE93iqpase aurag tgee‘%‘gﬁsg% R 8Ynt 5 RURGERg, 0 ?tﬁeus‘?{ﬁsd\é\%‘blgprﬁ‘gf A

sessi on kepgsifiddypridief Evirg doommenc®nt th a yenta viagrpget seerii$ addressed to a particular user

and is signed by the publisher using the publisher’s private signature key. The page server verifies, via
the registration database, that the publisher is authorized to deliver the publication to the specified
user. The page server verifies the signature using the publisher’s public key, obtained from the
publisher’s certificate stored in the registration database.

The netpage registration server accepts requests to add printing authorizations to the
database, so long as those requests are initiated via a pen registered to the printer.
33 NETPAGE PEN SECURITY

Each netpage pen is assigned a unique identifier at time of manufacture which is stored in
read-only memory in the pen and in the netpage registration server database. The pen ID 61 uniquely
identifies the pen on the netpage network.

A netpage pen can “know” a number of netpage printers, and a printer can “know” a
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short lifetinme. 3.2 NETPAGE PRI NTER SECURI TY Each netpage printer is
assigned a pair of unique identifiers at tine of manufacture which are
stored in read-only nmenory in the printer and in the netpage registration
server database. The first 1D 62 is public and uniquely identifies the
printer on the netpage network. The second IDis secret and is used when
the printer is first registered on the network When the printer connects to
t he netpage network for the first time_after installation, it <creates a
signature public/private key pair. It ffansmits the secret ID and the
public key securely to the netpage registration server. The server
conpar es the secret I D against the printer's secret |IDrecorded inits
dat abase, SER L Snch @M&%&&% ea Jia Ao &réa%enw ‘%@ whgﬁev&m%@meat es
and signs a cerq[ ate contai ni ng i printer's ublic

si gnat ur e feege, ofdrecbrigteny Qage 2 prn ane PriRter| %fateé‘SthPfj e fegf"é@i e&ckaaﬁ SG??“’EI tabase.

The net pag@mbdet: fepad kRAmiRESMEN inf 6l e Fited thedifilal ink &t MwapsitddGPied YsigQlie Net page
prlnters since it has access.to secret information allowing it to verlfy

printer i d&RPHfE SeW&heyaD%‘éaePk§tﬁ‘5“§f:ﬁ“ﬂ%‘§edt“btfh§df5’ﬂbl ication, a record is
created in the _ne,tgaageres" £gisih ket ﬂoomrymmuetrlmdm; albascebsammholﬂ aidpgriptire
pUbl I sher ttore rslesns}onke efoxp elilrQ I gn 1& loi%als tu?de)EeG%y gé:l ﬁotg ﬁ;v@ull&geﬁ)u ﬂﬁt@ Etoxgée
speci fied printer sent rinter via a E{ﬁge server is
addr essed tapacity @asesspomya,ranwérforgempsa@kgirfgwé@stwﬂetwéwié&bqlﬁl &52)si ng t he

publisher's privaign g b @y \enﬂﬁﬁaangeme paageths SEVAH pYidkd didc@8s whethar théyhe
regi stration database, that the ‘LGT‘HQ IS au horlze to deliver. the

publ i cat i offoF&APRES Baey ??“écﬂ‘“""ﬁ%aélfo en the PRt de{FroningS Wpsther & Sprpased foo ot ur e
using the mblm@hnerme m]ighbie; for xeiple, bxtagse teger frebnpstih e usepuilsl it whigeredto use
certitical g BhALOH ulebibdSs h%%%% 3 R L AHARARS: mekPinfliakPBO fubidll pbf Al | O

server accepts request rinting authorizations to the database, so
long as t h@@efaﬂmsciuse Hltbe PFJPfFft“inétﬂE?EPt\‘ﬁ ow the gep. thenyf ?ﬁf"éﬂg’&‘q‘%"e{‘ ReSFi nt er .

3. 3 NETPAGELREM &gﬁéﬁ\{n Eaﬁ#gm@e&ppag@mpaﬂehﬁutaeemgﬁg@haaowmchm identifier
at time of manuf gre V\/mc gltored i.n re;ﬁ o ek'erlxtchaﬁ Jen and
in the netpage ri’g"i ’f‘?”atf’ft%‘?’i‘ o BF PHSPRHRLS TR ex na D6 i

i denti fi eskeyHe alpcerec@dbdtlhehemetpp@geglﬂettlmwkveﬁdm@@qsag@np@ﬁ n@mﬁacmrm@wmga nunber
of netpage e} Maﬁ&leﬁé enatpagsrﬁtsg& ngﬁ ﬁto%nnt@p% th@ pritiZ A3 Pen mr of

pens. A pen communi cates wth a printer via a radio frequency sign
whenever | tetoage SRistTation severn bl seFver gaergissiantession ke or thy PREF HAESDP iR 81 ar e
register edsec&é’lﬁb‘anﬁzﬂ@ldleaéslslyn l&*)ﬁ@d’lﬁélﬂﬂltéi @s8doQmanskty 5 copy \hibewen kéyhecrpesdd

t t d t d t ed
Lot he At Sy hebeesCnggt S, Dl b gord U LG Dl by o BT P €

S ne jer transmtted in the
clear. A pa tratspitetbe @crggsiewion ke/yo fhepene%?rpyn eresthesession kigripiopsally; ipdsssded by

printer IR, @ng.@ B inter

Although a fake pen can impersonate a pen in the pen registration protocol, only a real pen
can decrypt the session key transmitted by the printer.

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

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

3.4 SECURE DOCUMENTS

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

in its certificate, which the printer is able to authenticate.
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stores a session key for every pen it knows, indexed by pen ID. Both have a
| arge but finite storage capacity for session keys, and will forget a
session key on a |least-recently-used basis if necessary. \Wen a pen cones
within range of a printer, the pen and printer discover whether they know
each other. If they don't know each other, then the printer determ nes
whether it is supposed to know the pen. This mght be, for exanple,
because the pen belongs to a user who |s registered to use the printer. If
the printer is neant to know t he pen Bt doesn't, then it initiates the
automatic pen registration procedure. If the prlnter isn't meant to know
the pen, then it agrees with the pen to ignore it until the pen is placed

in a charging Cu?he %@ﬁ]&rﬁh um?-1 f)cheésnhsreé %eﬁtextngﬁe r&ﬂérsﬁgﬁlﬂ%p&f&@edure
In addition to its pu I5 Ne pen contains a secret key- exchange key.

The key- exX®AamyE” fel%@?" f ghe gpasoBacksicagkeRiess fonremiet Pagre  FEBS At "G ser ver

dat abase @Bm&lﬂmhéﬁfpnﬁﬁ@ Ulfh@QﬁthH'r @natrioth dsBDin dd@ Ghd bved tphd@Er, wdtdh@arp @dgiohs &BSM t S
its pen ID to rinter transm

rinter he en, .l o the
net page r é@?‘%‘ﬁs QP Ogﬁce%WgFrencT ec%%lgegfreélgﬁseaf \i ¥(”getheé’salc Sy e %mg t he
printer ankroggénbetpbnteissbeetand securely transmts the session key to the
printer. It al SOpyfefe Efg@m %ﬁ.laxato%%éér&;k &%téﬁ%&'\%ﬁ)léﬂﬂ%ﬂ ﬁ)@ﬁﬁ@’é@%ﬁgone\é‘ldg h the
pen's key- exchange rinter stores the session key internally,
i ndexed bwfﬂlheagpéndlﬁDStWh%‘HeRaﬂa‘ﬁs?ﬁG@§Y’P‘}’i’éalé’ﬁ§’isypt ed session key to the pen.

The pen stores thgesSE?Sein@RodeB¥ntd Ebnfvt B@-l:dpiéd péxﬁgdaéqaﬁit-mhytpztgbeopprmemaﬁﬁml D.

Al t hough f ake . sonat.e a I n reqistration protocol,
only a re§F3°’3‘é“ﬁ “P% ggéﬁ’%ﬁ%{s ﬁ’gerﬁl%té’§? Sﬁg ﬁeet@f"g?sro’aﬁ%pr%ﬁ ?Wa%p% VPR printer.
Wien a previ ousl Secun deginstscredpipdly gesrafcd s part @giogmaeredtransactions Tody dai i t ed
use until tﬁetefdlé idef Hg(&g usdr® pRotbieph- wﬁhrv@aglc%t\ﬁgdeghéﬁ%e 'I'Jstel"'}egfgeé@@@lomgﬁg is only
al l oned to be used t request and f In netps\ﬁa user and pen

regi strat |"€?Fmﬁ'éﬂnl’f‘§ththFéet?aé‘gieslﬁt@PonaseW%‘m?SG?é‘i‘be? &% the new pen is

automati cal | y | | Wk&Ghres€iied it aaétdre&eﬂﬂ@ddﬂ@ﬂeﬂt&hﬁaclﬁ&n Sdni vafify kS @rthentihte pen

uses secret- ra her t bI| i on be e nf re
per f or nani’ %‘/? ﬁ{“%m%e 'fsﬁﬂ Wa% g’xﬂl g&(‘%&l&:ﬁ B&&fﬁﬁ@%@“l‘ﬁ“"ﬁg@ge system
supports tifkgmeef thvéwcym@ft agé srgwre dmm@ﬁt ae allgedtedzpon-pindfersly amepvent igipons. The

net page pr }eﬁfcﬁgn Uy%ﬁﬂo%xs%c ﬁ)rgeﬁck lsd et abQ@umBH: hEHficBh FdnltBY HeSdevdipbd Withl lJulltonl y do
S0 on request from F‘ ubli shers who are sui aut hori zed,. The publi sher

i ndi cat es i1 feedoagl op ifigafion filyss fospPRRE £35Y PPé‘?‘ﬁépresie top docpuesf Yepifialions " \whi ch t he
printer is abl e ¢Cleulqutimente @aﬁemarld\iBS(ihBSEés@ pi@ographexre’ ssare nnmeriptogpphint i ng
process uses, al.ternative di.ther et el regi ons
of the page gg?'ks%poy back’ a SI esc coor? al no)%%wﬁ@%&mg%ﬁe\?\%f er rrareﬂm;ae(gnl ons

whi ch  copatiutly wivess Vplrlficmcedeﬂ Tiouidesiap pdded lyvel ofispcasty wéealt isiecdert b ifdtilby en
pages' wah&lpBilk kRl QRsestEe designed to produce an interference effect

when t he reglons are viewed together, achieved by | ooking
NON-REPUDIATION

In the netpage system, forms submitted by users are delivered reliably to forms handlers
and are persistently archived on netpage page servers. It is therefore impossible for recipients to
repudiate delivery.

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

4 ELECTRONIC COMMERCE MODEL
4.1 SECURE ELECTRONIC TRANSACTION (SET)

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

In SET, cardholders and merchants register with a certificate authority and are issued with
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through the printed sheet. The effect is simlar to a watermark in that it
is not visible when | ooking at only one side of the page, and is | ost when
the page is copied by normal means. Pages of secure docunents cannot be
copied using the built-in netpage copy nechani sm described in Section 1.9
above. This extends to copyi ng netpages on netpage-aware photocopiers.
Secure docunents are typically generated as part of e-comerce
transactions. They can therefore inclyge the user's photograph which was
captured when the user registered bionetric information with the netpage
regi stration server, as described in Section 2. Wen presented with a
secure netpage docunent, the recipient can verify its authenticity by
request i N@erdificate tettaingl tﬁbut Jhﬁhdlﬁgiladne\/l@ys Tﬁl@niﬁﬁdtq pighohi efified aedhnidergdocunent

[ I lid f d t IDs
ar e al | oc AT RBAeR B Rt GRI T & PRTART Sen e sHHEBES Myl alial

~ oppor t uni stith thefaoquiyerras appfopsiete (Faaihel dasimd merch@tsi stqrq:@tlr SPeEsie PrEvatq Slseaﬁﬂ‘év el oped
wi th buil tkeys s&:mfegl%g bas gon%[ate%elstﬁné ﬁl@%)iy%nt pﬁ}césy Hese chiRASHR RO hided RARMually

poi nt - of - presentati on docunent vérification. Clearly neither the watermark
nor the ugehenicasiorelapt Cﬁfj@ldﬁ'éE‘Gr“éa“fhﬁn‘ﬁat%ﬁh%?%}g‘r"é}ﬁWF’E“en?étﬁ‘?é’ They sinply
provide a signifgmamt nc@pé'b@eﬁ|a&>pfe@wﬁﬁ§rttahlyfbéh’a®eb#dhoﬁai rhadi@enahoE off Reystand

ficat ti ficat dded
evel of ottty oerec] PO pviore o P, BT RO W 0 |

f or geri es cerBfidateiNGIN-sERird? il gWéIﬂ@darkihvkteh@cqaae‘tlp@lgeswssdét@‘@mef Wirsome SYedsHi t t ed by
users are  deli veg@ppﬁ[vﬁkhﬂbl y to forns handlers and are persistently

archi ved on net page page servers. It is therefore inpossihle for recipients
to repudiate delritieappage sysiemriproiciaseFeaisFalion Sorves ads "’tsﬁrp5‘ﬂ‘§lff’r 58 BPEPEM  as
descri bed (ihSQedhbiad) ift SERpSmadt Ehsactii0ssi bl e for the payee to repudiate. 4

ELECTRONI C The

net page system u@éé‘eq’aﬁ‘ésyﬁ%ﬁ?‘:@Eﬁﬁncég&‘fsrt%?ﬁ%gnﬁ%%hsgsce ?ngl% %\Hégtl tem as one
of its pRymesithesystonpenbS8ET helhmmeiniguioésthedeyepolinsdighur Wlélﬂs:afitmﬂeand Vi sa,
I's organi %sgimg%&w&mmm&;m mgépmmmlc&l i1 b §el syaeeagmsgra ﬁng@pmt

term nol o wever ystemis indep enet of(é e of
account s B@F‘?‘ig‘"‘ﬂ@éﬁeﬂ fithougiryt lé%i‘F’cﬂ‘?Eﬂ H@r‘%’e aﬁl&l"’ﬁ“é'? cé’PmWO h a
certifi cab® badetio mbiie aﬁﬂld‘lzaﬁ(ﬁatpSﬁd,tﬂ'dle\Aysteh NPSOBSSG 41 certificates

cont al ni ng the' rThPltlbL LG shggah to m%(%)éﬁ'f F?'l}é €81 lefiliGH SN HRAEHL Yy €T T es
a cardhol der’ reg [P5YPat PO et Al fii'the card |ssuer as appropri ate,
and veri f rtleswtaagﬁmg@mm sexver. dlis éstdopet in @ yontrelled eprgronmppng, orreranplecadiaply dherg s

appr O[)I‘ I alyR-pidrR ARG g@éaﬁtm%&‘ di #ELeRAMSs HeQhdslidgiity is REMAC TheViRontrc\iat e
si gnature

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

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

4.3 MiICRO-PAYMENTS

The netpage system includes a mechanism for micro-payments, to allow the user to be
conveniently charged for printing low-cost documents on demand and for copying copyright
documents, and possibly also to allow the user to be reimbursed for expenses incurred in printing

advertising material. The latter depends on the level of subsidy already provided to the user.
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keys securely on their conputers. During the paynment process, these
certificates are used to nmutually authenticate a nerchant and cardhol der,
and to authenticate themboth to the paynment gateway. SET has not yet been
adopted wi dely, partly because cardhol der mai ntenance of keys and
certificates is considered burdensonme. Interimsolutions which maintain
cardhol der keys and certificates on a server and give the cardhol der
access via a password have net with sqpe success. 4.2 SET PAYMENTS In the
net page systemthe netpage registration server acts as a proxy for the

net page user (i.e. the cardholder) in SET paynent transactions. The

net page systemuses bionetrics to authenticate the user and authorize SET
payments. BecauWaen the BytSiegisters &“orpe-aonlnmd,a deb@rih@bmit fid estdbided iwich he

o eur o R T ARGl TRIBLOLLAR, @holhi on YAl Gl Ll Oy 21
fingerpri rwtsta@eﬁsldmtbplmceusmgehepemiar@lamumhmma hi gher cost The type of
bi ometric used OffeYe@bka&biht tBe e@emaéart@aggxfegatetsbﬁscrtynm&rfaxcpmaaesls thfen

aut hori zation aspects of the system The first ep to being able to make

SET paymertdldple ?thfﬂwe@egfe@ﬁfe? Wéheu*geérn%efem?emdeﬂweﬁm he net page

regi strat ison sermNSAchNs IS done in a controlled envi ronrrent for exanpl e
.a ban.k’ W.here enb usneet{z tsane a emapaglc&lr ed lac;[mtcon x?@g g% a3 ht;lpe user’s
identity is verl ad. " Br 8 kS PRRCanipn B A

regi strat itormbddie aisawecxﬁd transeetwntﬂé 5% hletheu@m 'Ssbwqemb mdut thFprgh ﬂsepgess tadzed ogr aph
is also %)Jakh@'&éds&clﬂo&ﬁpmrtﬁedapﬁlﬁgmhhs%&&yfaﬁe Ioh:@catfh@?é?{agproﬁl:ﬁé cothekt fodhglhol der
registration process is conpleted, and the resulti ng private signature key
and certi PIE&PB"are stored in the database. The user's payment card
information i s aWvea isuoseds &@ugh A @age vahich 6d A ger-ERgfiS thbwdver) the 3/livagibn enough

| for AT Qe bl B heoP Sl IR o SR cdoll YR RENTR I LS GELY On- When
exanpl e byromgingiirintgd qatalext pagyte tha uder’s viryphyishoppiag fﬁrti’ mrot@eélem@t yPivRYNSITi t S
the order bl Qr Bl usetIDS0 RESn kdhSfd g)ageu;-‘stmm RITBL LA WiRbkadids. tThgishet page
regi stration s(grver The server verifies the bionetric with to the

user i denPiEYPEGTEsRt tpkicaionpryviders fiom epsily Gorrorang igdepsndendy Ay edLP§1?E|/)‘°’§ proxy in
conpl eti ndatd he SET paynent transaction. 4.3 M CRO PAYMENTS The net page

system i ncl udes g, 9&%‘ o RiibP Cer Tk fhgtgad ergtaﬁ randrd é’ds'rSXY BJ#@ bga%&l ° be

conveni ently charge Bprinting | ow cost ocume ts on
copyi ng coisyand grmpphcew@umnlpeue dirrd D98 Pliowy indlige 2 oWhinPYsibe Hrer agiates ¢ o be

Ir ei mbur 3 edypérgﬁk me *régqis‘tb?l dde Gleriblte Rﬁd d%ﬁ)bé’ég)age%%&raﬁds e mepdgaiﬁglmaabn The
atter depends on eve al read to the us

NPS0S5- SRS Bt e Rear PRriPaP St Broe e e of me B B Lount i s
est abl i sh& alisilDlis tieg gubegat eshaliypariinksagpiiesis. The user receives a statenent
on a regul ar banIh§ appﬂQHOHCIﬁQmaQiﬁst gdtgin?om{ation indexed by alias ID, and is able to retrieve

user-specific state information without knowledge of the global identity of the user.

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

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

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

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

of publication.
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out standi ng debit bal ance using the standard paynent mechani sm The network
account can be extended to aggregate subscription fees for periodicals,

whi ch  woul d al so otherwi se be presented to the user in the form of

i ndi vi dual statenents. 4.4 TRANSACTI ONS When a user requests a netpage in a
particul ar application context, the application is able to enbed a
user-specific transaction ID 55 in the page. Subsequent input through the
page is tagged with the transaction 1, and the application is thereby
able to establish an appropriate context for the wuser's input. Wen input
occurs through a, page which is not user-specific, however, the application
must use the user's unique identity to establish a context. A typical

exanpl e i nygl ves Rasbﬁaagoéécﬁrﬁmouémamcer printed catal og page to the

user's virtual "shopping cart”. _To ect . th ser S rlva owever,
the uni que user P C%%mﬂﬁmf"ﬁ"{arfgso EY Btloé‘fgfs m‘ss?wnd é‘lhﬁeda to .
appl i cations. ThiEghidscutnent afircente@mbbjett ﬁaiyenleemﬂlmbm ¢ng &t A reprupy daeipgorsr om
easily corgslallng despﬂp%eﬁ%% SR bibiR E6H mélaagmeeqeni%ﬁ&@tvméﬂ des@aédao radilie NEt Page

regi stration server stead nal ntalns an anonym)us rel ati onshi p between a

user and afiscaypl pleledtrenic vesaurees-uRItnCost mggdape@prmg do é‘ﬁoWﬁﬂ‘? H‘“ﬁfi HPe 24.
Wienever td‘?&smw@@;Rééa;r&s:e@nptkbm%kmk(mged with the "registered"

attribute, the net ge. server e.leg istration .server to
translate the as§d %P'g‘fe scg }S’Pl‘”&%tdle %‘séggﬂf %égﬁ%é’?tpa PRt pgonticaly y 1,
into an al traasfers EpGight fee?hem adeisasrighidhplders Wien uswslprintcorydeht contefte  hy perl ink's
applicatiof. The-gpRaliCaHohOBrEBLEI2l Ns state information indexed by alias
ID, and is able to retrieve user-specific state information w thout

know edge of t heAgpmpeicajictepreioeo) definestan ardgrgdpxcharpreof gpsspgshbeyeenentifisitai ns an

' ndependenﬁle ﬁ'e%fa&d sfyét&ﬁ’-teﬁtlt@:ﬂ glc@ﬁsl pead, %nﬁtérg&ﬂitdéfv&s lk&ite b Rt of Aétthedprotoddlsks€r ' S
appl i cations, j oW | t to |ication transactions on behalf of the

user usi ng°°8‘??fa§}vel ?‘E%{f‘}ted?‘ft‘%“p‘gg‘l PR P8 Rati on. To assist the systemin
routi ng product Bah peadel (sum@)ratémy;pem oh k "sequertct iagiawnig , whidhethes harizemal r ecor ds

a favorite uﬁ&ﬁl}t} ﬁ%édqgl regﬁsegtexjaéga%e Rbw Erblethé'l%fcalf (ﬁxlher@lgxy isNHT0S '}ep%fsenp{lrﬁéj uct

t ypes. Each lcation IS associ at ed an ag i cation provider, and the
system rTB.IFF"I‘PIhFW ig fePregraEd n e f‘?fﬁ“%"e?f’&?f‘“”éfthee‘&ﬁlﬁ" @ﬁlei“%t"?%"eﬁ? ghoHER, t o
allow it t@r&é@ﬂg fhe BSiche dethd dntify MBuripg @Y titkedn chidy ex@sts] dklifelina Iithkg\haie&sheet c. An

appl i cat I e QVI tgetr ei(flaaﬁr!entl is, actR'e Lllﬁ lﬁjﬂll%g 1s%£ov&91€ag Iagdlbpequne ca% BD?OQO 8 ntent.

The syst e e US gness to recelve e su CI’I
publ i cat i omlsuhsdhm do ImScrealtaeorelxsgesctnedes;rlrféqep@mner@lfy cmbqri 38 Qo @han e1!%'41155035 SG

43 4.5 RESQURCRRESCRIRIGNS AND COPYRI GHT

5.1 SUBSCRIPTION DELIVERY PROTOCOL

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

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

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

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

The application’s certificate allows the page server to verify the message signature. The
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A preferred enbodi ment of a resource description class diagramis shown in
Figure 40. Each docunent and content object nay be described by one or
nore resource descriptions 842. Resource descriptions use the Dublin Core
nmet adata el enent set, which is designed to facilitate discovery of

el ectronic resources. Dublin Core netadata confornms to the Wrld Wde Wb
Consortium (WBC) Resource Description Framework (RDF). A resource
description may identify rights holdergs 920. The netpage system
automatically transfers copyright fees fromusers to rights hol ders when
users print copyright content. 5 COMMUNI CATI ONS PROTOCOLS A conmuni cati ons
prot ocol defines an ordered exchange of nessages between entities. In the
net page Sé)%%@ﬂver%%du&l B SheSUEdkaith spe Fails PthelHpflicsion M asiedlisaDSionlt fogditBe a set
of defined, protocols t cooperatively handl e user interaction with the
net page sy%“g Sa“é‘ﬁmﬂg%gtocol is illustrated by way of a sequence di agram
in which the horT}z(mgeaderverdhmHsda@nddxammed tage ingpresrmnd llmsgﬁghe fagow and
the verti Q& i foﬁge 91%1\1«9% n;!? H)%ejg t%Qherpgﬂ{exe Et%udtasj tggrelevg%hoﬁﬂﬁtkcasy cllafnel
represente a rect e containing the nane of the entity and a vertical
col um rem@&#mpﬁgerttm@tepm eline of the entity. During the tine an entity
exi sts, the |ifekinBfrehids HBOMMY MScaidd Pas 0o thé dppRcatidafbr fi@he kdfgentd ME an entity

is active, the lifeline js.sho i ne. Because th rotocols
consi dered here O%° f5t2PRIRISR &35 ?‘Stg@éet% "‘gf?gﬁtdl"f‘imee%t STPE toEheesS gr% general |y
cut short ségtet @eiters sia &2 ré¢vhuitipyge seeas asmﬂt@aspahtt\{acdmpatbeetaﬂ thy shradtobicedd . 5. 1

SUBSCRY PTLON. DL VY, P00kl 6 1 SO0 R nbicRusphpikt | on

delivery pro gure 4 users my

subscr i be mpulicast ghaprels #pd soeiysubeis t?&‘!lieé ﬁonteeaem%tis g‘iley s”‘eetﬂ?“t ﬂblfn“’ PARpte e | ai d out
differ gnt lpiémowpom@s‘!' dd!:ﬁxﬁégﬁ strubiGed, | $ﬁ@ Sllowk thk p& @d’r&:rs&fj) ﬁM&nﬂﬂﬂﬂcﬁﬂhen&lttf h as
text objects [ obj ect s. e scription deliver rot oco
therefo{eﬂ359?§?$§agggﬁﬁﬁﬁ R[S éaﬁgxmnfﬁd|V|dual prlxtgrs vi a

poi nt cast 5.2but  déiPEREICAGIvaTIIPROIGCAINt  Obj ects via nulticast. The

appl i cation (i.e, p@%@éd‘ eﬁlbﬁfu}nent 4t %peﬁlmc Rildio rgtg&yﬁgf&vn nRigade 4601 each

docunent from an server hen sends each docunent structure,
including its do‘ffbﬂ?éﬁfefflﬁ‘c%ﬂﬂdnﬁ‘ai}éwﬂ%gmaﬁﬂ%ﬁ@pe“‘i"ﬁ‘mflﬁéateﬁﬁ‘@éh%é"r %er 10
res ponSI bln&refstozﬁeﬁaékeprﬁféﬂ C0TEMhe Qick @éhtifieatht ppatasia lokhtioh bn kha phged@s pribsr own
applicatio e scriber's a and the rel evant set of
nul ti cast Igeﬁ%lyqﬂigwthelﬁéé '?ffpenﬁommep%cé’mr?ﬁnoggﬁ)gcéc35| ng its private signature
key. The page s&Fhg erintergetermiries viapisl DINSathe oviwdraddrees of the aaze seyver d0adwBrdlipgy fr om

t he {eg| Sh{egkﬁla&r %EY@ISO ﬁ@ﬁidFeQJ hESRRAALNE ith!SLhe if e BQ5 hak R€entipRIcrases el eCt ed
printer i

be ex? icitly selected for 6%? e agg{y d;eltll on, or
may be thé"t’ﬁlg‘éﬁm‘oepﬁgéf%P’E‘ntﬁrtqeﬂ &Y S%ﬁn{%gs‘ﬁ‘ﬁ‘mtﬁrépl frePgedP Pt gt e, The
appl i cat i aathn Gakdpagdsemdre al | ows t he page server to verify the message

signature. The ’ME%Qg% 5sérver loaﬁs the page description 5 identified by the page ID and determines

which input element’s zone 58, if any, the click lies in. Assuming the relevant input element is a
hyperlink element 844, the page server then obtains the associated application ID 64 and link ID 54,
and determines, via the DNS, the network address of the application server hosting the application 71.

The page server uses the pen ID 61 to obtain the corresponding user ID 60 from the
registration server 11, and then allocates a globally unique hyperlink request ID 52 and builds a
hyperlink request 934. The hyperlink request class diagram is shown in Figure 44. The hyperlink
request records the IDs of the requesting user and printer, and identifies the clicked hyperlink instance
862. The page server then sends its own server ID 53, the hyperlink request ID, and the link ID to the
application. ‘

The application produces a response document according to application-specific logic, and
obtains a document ID 51 from an ID server 12. It then sends the document to the page server 10b

responsible for the document’s newly allocated ID, together with the requesting page server’s ID and
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page server's request to the registration server fails if the application
ID and alias ID don't together identify a subscription 808. The page
server then allocates docunent and page instance |IDs and forwards the page
descriptions, including page I1Ds 50, to the printer. It includes the

rel evant set of nulticast channel nanes for the printer to listen to. It
then returns the newy allocated page IDs to the application for future
reference. Once the application has digtributed all of the document
structures to the subscribers' selected printers via the relevant page
servers, it nulticasts the various subsets of the shared objects on the
previously selected nmulticast channels. Both page servers and printers
moni tor t hee 13pikRéu@t®. Nul ticast channels and receive their required

content objects._The re then t he S 0| nt cast
document struct u?“éessey a§eS§f"Frﬂﬁ§dbfbﬁ3ypﬁﬂ'§]ég§u§?ve?‘§d %‘cgﬁﬁﬁ%%#rhblfet Socunment s
to their scatrabelsasthe comespbidinglubeo i ardipentprIDr6R.clhs fitsopape server rejbrts thkoeqwment s. 5. 2

HYPERLI NK Ag%%{éuﬁ%ﬁugmg% dﬁlsgf;r%]:frﬁ%%%%p&%ggi ment of a hyperlink

activation pr en a user clicks on a netpage
with a netpage pé&¥, Se‘toh‘épﬁ@eW%hﬂ?ﬁﬁ?séaﬁ%nttnﬁén‘iﬂ@%kagf Pst Neretuppe S @€Y net page

printer GQﬁecatwgag@ 157874 medeﬂtcatidne@dg fie cRaBe @hbhedt th @€ ald QMbOY i angipge. The
printer alre g ?ovvs theJm 61 of the pen fromthe pen connection
pr ot ocol . ‘ahﬁ 38R CBFPHET & 1 RBE8AH Y he DNS, the network address of the
page server 10a ﬁmﬂ;berlmgmsmkcempﬁmcludmlnaaquagembﬁ@@ 5T hevidddreds ity

al ready be, ¢e| sel'vrmsinglﬁzfep%} ol fandabl n45h tﬁzaﬁesgaggeéai |k QpRbARGE Ofkis bt he sane

page. The nter t or war pe ts own printer ID 62, the page
| D and cl |ae¢41°at1°66%?§‘ia®ﬁh*ttﬁmiam9ﬂ1§%f‘§’§° equleyidpr theppperligh ativalish-ver | oads t he page
description 5 |d3ﬂ1e'h§ﬂeﬂﬁkkbﬁu&e@@u&ﬁgﬁs IlDlandladetl@émaaﬁmemmnmm

el enment's zone 58, C Ass the evant i nput
el enent i P85 TS F‘?‘i‘k‘ﬂg?eéﬁgﬁf a’éflfﬁekhyf)?{ﬁxﬁ( Jicztien \k/ﬁe“?P i regls%? aIns the
associ at ed1 apgblainoet jog the bfer BYlcogepgording ko ﬂl@e’él’D but dmh@élmprﬁﬁ nestespoyding to he DNS,

the net worge a?,gl%&i%n%d thbeseanpln ﬁaadepﬂle%ﬁarswsrm bleﬁtesssg; sbdi® @PRpliGadd, on 71.
The page server uses the pen 61 to obtain the correspondi ng user 1D 60

fromthe ap‘e@i‘gs@?aéf’lfc@f?né%‘is\?@ﬁh ‘1‘¥er‘S§?Féf‘°t°H‘é‘?¥‘ for %'eyaf% gig¥Bhal 'y uni que
hyper | i nk stequesianblirEikicREdodNibIBRErOChY per | i nk request 934 The hyperlink

request cl ass di ramls sho in F| ure 44, hypgr L records
the I Ds of the rédues ‘fsfrrﬁifgawﬁsa\e\g(’ke na 2P Wﬂhané(%f }c’f\éh |es T cgééf?‘%:ked

hyper i nk Siqustcah@@ar%@@ageTmletepag@trsl@n@e\ﬂﬁes thepags eﬁd@atb Prstheme server |D 53,
the hyperlink r eﬂié%ﬁﬁter'f@waﬁ@@i ﬁelﬂQDld %o%ﬁn@r hf'@ th@B&L:'[@Q@ !uﬁ@ﬁrokzbﬁh

appllcatlon produces a response document accordlng to application-specific
| ogi c, and® W&Teﬁ@rlg"ﬂ'&?ﬂﬁﬁﬂﬁf‘y ID 51 froman ID server 12. It then sends
the document to Tﬁa@ameersm’dvek phgehiescrigtip Onigdnbified biyalie fapelldod daemtides newl y

al I ocat ed wllu[c)h 8%E>men§ s zonet5§| 1} any, tlge sg&%slﬁter&gts %m%e rglgvaﬁt 1J1]Qt é?&'xg:nt 1& S035- SG
text field 878, the page server appends the stroke to the text field’s digital ink.

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

54 SIGNATURE VERIFICATION PROTOCOL

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

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

ID 61 and the pending strokes to the registration server 11 for verification. It also sends the
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45 the hyperlink request ID. The second page server sends the hyperlink
request I D and application IDto the first page server to obtain the
corresponding user ID and printer ID 62. The first page server rejects the
request if the hyperlink request has expired or is for a different
application. The second page server allocates docunent instance and page

I Ds 50, returns the newly allocated page IDs to the application, adds the
conpl ete docunent to its own database,, and finally sends the page
descriptions to the requesting printer. The hyperlink instance may include
a meani ngful transaction ID 55, in which case the first page server
includes the transaction ID in the nmessage sent to the application. This

al | ows t hgppiafish n@@ias@&a&&wﬂsﬁla}a}m sthv@hfxﬂea@ﬁm& fidkhis §aees &duas Gonkerl for the
hyper | i nk act| vation

i.nk re
"alias reqgfifrele C“é‘F‘Ettd?‘bEﬂ“@mi%fqég rm. Thedggt qﬁ’nfs?r?‘eé ?aen@ﬁ © ‘ésgrc\(}fé?Sp °§1§%%Is bot h
the pen | b fhi pandndtth& thyyperd dyndnhis slmapltel WabdtrprB1B B GAifyt the $tiokes pede ster'at i on
server 11 1t t ai JeTaTeTMulo 0 0BG, | D but
al so the afi: Bceé{al]ag‘ge%?éed? eos [ ne%%gm'trﬁl&%& F?Sgatl OEIQI &[()>(B<'£1]%1§4e t Egsréuser | D.
It includé® 69 Wedﬁllﬁ'éi? upefis Pm’h%ah@l wggfyaxgéat%wm{e&ex Frahen pist the kayitogsneratyy| | owi ng

thf ap|tol i Qf&&g@g@&@&%%@%&w&&& #Raizitdl kignaGRIb 8 teqhicRting pipe seméaemél nkt )
activation COGN a stroke
on a net p&RHE SHHF RS {at GEGEsiFFaHe ﬁg“ﬁ%ﬁ“@%@?ﬂ%?‘?ﬁ? a§S°f’?1t%deemf Srsot%w%? o the

near est na&bgage printer. The stroke identifies the page and a path on the
page. The print r I b 64 bBm® W eRbidt: Gker| BiBAowd N€ Page
| D 50 and strokgIth d?gﬁmgq‘ﬁm%%mge%ghes%ﬁer610fstfln tﬁ% udéht&a ervvayS gl'we page
server | oaldslefonetomglée@ésﬁwsmlscsna@eﬁi dentified by the page ID and

det er m neg s whi %mwh.sgbﬁpﬁ@bc&_zone 58, if any, the stroke intersects.
Assum ng the rel eva i nput ele IS.a tex el d.878 he page server
appends the strok®® ‘Bedteﬁ‘g"dt“é‘i?{&fal @“a“bénlsa]io&?’rf%?fdfsﬁl?é’.wnﬁ%tz%ﬁ 6421 period of
inactivity in tHenzeubmisibn bdswmtxeaxt fdrinciyplrlirikhvetipaape Itstbys\fellows diedmotpdek pen | D
and the p%&ﬁ;d‘ﬂs&%&?&@%&%&}e &lﬂ%% Alhon server 11 for interpretation.

The registrati server es t e user corresponding to the pen, and
uses the user's lageseaioht @ﬁnh@ﬁ@%ﬁelhﬁlﬁﬂﬁbéﬁlvat@?‘essfg& S?“h?’é‘lhf)l’aéf Sfffe strokes
as handwr ii§ toaRe dpBitcation@DGRo écﬁltahhﬁﬁle €A 56 eﬂhmmnaﬁ Bk @Etet Of thefim. If the

regi stration server retur e text Lot The
page servEFSPPEEAY YHEE gé}? g ?ﬁ%’p{wa ard eacﬁ e)ggftglg%%fa tl?agﬁ%gg 5.4

SI GVATUREaM@RkeBlv@Ame@h@R@HmnaAmmmdmhtemm &atcor@lswn@m cetifienteeltiompne t he
stroke i”lh%% SBGSn lefveP1Si gnature field 880, the page server 10 appends the
stroke to the signature field' s digital ink. After a period of inactivity
in the zof® of tFAMMSSIHAAYMENTRREIQCOLt he page server sends the pen 1D 61
and the pendi ng SpréfkRsmbddichdiofh eghhmbibsion phyatentpedtacalris shdwif i Figwwen.f i cation. |t
al so sends the

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

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

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

credits the corresponding application provider’s account 827. It also notifies the application provider.
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NPS035- SG 46 application ID 64 associated wth the form of which the
signature field is part, as well as the formID 56 and the current data
content of the form The registration server identifies the user
corresponding to the pen, and uses the user's dynam c signature bionetric
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 appllcat|9n specific private signature key. It
then uses the key to generate a dlgltal signature of the formdata, and
returns the digital signature to the requesting page server. The page
server assigns the digital signature to the signature field and sets the

associ ated formmpggys B@txé&ﬁoﬁﬁowcfefﬁ&(ﬁ@o cr%@he@h&brtp%vuﬁi gge%ﬁdkﬁ@rinféﬁﬂr&ﬁlﬁﬁ t he
alias ID 65 of the correspon This allows a_ sin

user. le formto
capt ure méefi fr e 'spag%feﬁ’ﬁ’éi"éﬁ%ﬁé with;thg, hypepigk sapsRh BsTEap e e
pr ef er r ed hghiad leqRtiDod identifyahiapriateh) Ahddd the [predit ACO Itheirdlevait aepiiration birgur e 46.
For m subm ssjion. geu afor hyper | i |1 ows the
pr ot ocol g 2 ?rr‘ivé ﬁ"%e i onm%l Stﬁa R %{% rcéegﬁsei&h%%{r%rg%wggﬁmér Lré)%ilgé{? ?CI())&r?lls In the
case of adtbrm hyperl ink, the hyperlink activation nessage sent by the page

server 10 to thgeapptd Qﬁah&a%h Zx%vﬁérsi@ o%%h%l@' Rk 8f kR i@ty sOma ket he

current data content of the form form cont ai ns.any Si gnature
fields, tReAcatipRProyidsh prdthy rzswt%?‘il#er %féheé%feilry BHes BYLRP A PRY The alias ID
65 assocusat ed wigrbadelren Oeseresoaindi ng digital signature and obtaining the
cor r espondi,ng cq;Ekﬂécﬁ@@sfrom the registration server 11. 5.6 COVM SSI ON
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shown in Fi gur e ReRrringrto Higures § ewrn® rtieecpeangengradiy rdevignated b reforgep wimierdl 88 ons nmay
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provi der doteld il tortnad nhiee ealls gdnell thplageings B2y A rradid ogpabtah B2 wunblhtteti hélnhiytpfer i nk
request Jleca?f)&'ﬁ(gxellﬁ %ﬁlrtléf% g 1'65’ Q%!:ah@hi&rsﬁ%ﬁ’(ﬁ& aanpérQrel l(iiﬁt{]&{ fy the

source ap sen e cre it on to the rel evant %gstratlon
server | 1t gyet W& prograteed lacceispy metal ea%plle?edé‘! iistpdinpegrpspopding S&Wf ®iver 1D

53, and t B, ThpRtal dndKietcadai8 sdmoldBle td BiRbIE RQ b&kid@irépldental Ver
Also mounted within the cover 107 is a tri-color status LED 116 on a flex PCB 117. The
antenna 112 is also mounted on the flex PCB 117. The status LED 116 is mounted at the top of the

pen 101 for good all-around visibility.

The pen can operate both as a normal marking ink pen and as a non-marking stylus. An ink
pen cartridge 118 with nib 119 and a stylus 120 with stylus nib 121 are mounted side by side within
the housing 102, Either the ink cartridge nib 119 or the stylus nib 121 can be brought forward through
open end 122 of the metal end piece 114, by rotation of the pen top 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 blocks 123 or 124 move relative to each other to project either the pen nib 119

or stylus nib 121 out‘through the hole 122 in the metal end piece 114. The pen 101 has three states of
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credits the correspondi ng application provider's account 827. It also
notifies the application provider. NPS035-SG 47 |If the application

provi der needs to credit the printer provider, it sends the printer
provider credit to the original page server together with the hyperlink
request I D. 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 regigtration server credits the
correspondi ng printer provider account 814. The source application
provider is optionally notified of the identity of the target application
provider, and the printer provider of the identity of the source

appl i cat i ospefaticnvBykeiing the toDETRAGEhRENtdPE Bitiréd Blatehbre:6. 1 PEN MECHANI CS
Referring fo F|g Qe 2] 9 the pen, generally designated by reference
nuneral 101, €S a ou§|ng 102 in the formof a plastics noul di ng
havi ng wali s 103mheﬁnﬁknghdnﬂﬁmm@mﬂor space 104 for nounting the pen

conponent s, The R&Re iRRarkdge 118 nlbN1OREER L AMHAHALARLY Mounted at one end
106 of the housing 102. A semi-transparent cover 107 is secured to the

opposite end 10845FoRhEe M P nig mpersed opifa ceespairs dhospis 130 Ehidosi Midip P ded

pl asti cs, Iadhgi 182.7Toé ssekhd fie:0POE mmm(ilﬁtaﬂﬁlﬁ@di‘mml & lpifblwdmg ﬂlﬁﬁédﬂﬁﬂmﬁoﬁ enabl e
t he usert V|e\{vth t% ul_tu R}‘lthe LED QV\nth€ [11:1 lésﬂ gc 02. The
cover o BTIFaL L R AP {MAED TR lsé’mﬁls? UPET PY P SFPOUITES t he end
108 of the12ﬁ@1y$q0ﬂgngl@fzecadlchdatlon;frog] té@iurfwg B@lsetcmdrﬂe&ROB\M-ﬁ av nppw§ ®edis back

fromthe 139 %hﬂﬁ' fheiids Sn B it Biedr HORF RRARN AhdDconSIRL chiplid4 fpr med i n
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end pi ece "EI? S?néoralézngva% &P Po eena{)ﬁlrcé)m?"ﬁﬁgeccé)r ““‘%is e reeSe agzlﬁ’{ag(gél%&
mount ed wb@tlfmncmhgs BGwdich 2 mquatedy witlii the génp parsst b?ﬁus td_rrE@nlll%cqmeca tf 1hex PCB

117. The pakdLRRdctslib?Z add%h@aé%m’f@%tﬁ%&%ﬂ R@xaﬁgka@% vl 183 Gits Wil aRteah Us LED
116 is nounted_at the top of the good al'l -around VISIbI|Ity

The pen cZA™ b@r‘ﬁf‘é‘t"ﬁb‘f‘f}l‘ t%f’sbaﬁerﬁ 6‘?”??&? 4‘?&‘?‘?&‘?‘??6 CFﬁ’ﬁ&ngtféﬂ 14{hig maunted apgyhthey r ki ng
styl us. Anedomkilex peB 125t triabld gehatdity ofitte ibatieiyld 3d 9 indwrtior Thd sﬁéoud; f&P@BIRY h st yl us

nib 121 arg, B;R‘%% gﬁ ﬁﬁm‘?h Aol s %B %Todlohpﬁ4l?qlé§te&1g acen'?enhg%% i€ 1Nk

cartridge ni e sty us ni br ough orward through
open end bzl 45 Whﬁleelﬁertﬂeﬂ stylg 24t ghednkicpdridep /1 8rigysed %ﬁrﬂ@g ip prdergeenablep 105
Rez petct : Vﬁet&hﬁlzorﬁﬁfn obthecfdtf@ béaéapp%mo h%iémealrcebmw&aﬁm 1t1?o¢ Jg,gmlnm.zfzanh& 124 ggte 1355
and stylus : spectj.vely. e _cam barr is secyured to the
pon top. 1 Butiees MECRERG b e b R8RS R Bl pmeo P n BGH bar 1 o
125 incl beds 123 wd34126 in the formof a slot within the walls 181 of the
cam barrel. Cam u%elr %{Ff;aﬁs ;'gl d%ﬁ@ar}&%wﬁéd%@&&s' tﬂegenprlt@gléistlééa %%m&b@%‘s 123

and 124 fit within t cam sl tiron o
assist gripping the pen 101, and top 105 also mcludes a chp 142 for clipping the pen 101 to a pocket.

6.2 PEN CONTROLLER
The pen 101 is arranged to determine the position of its nib (stylus nib 121 or ink cartridge
nib 119) by imaging, in the infrared spectrum, an area of the surface in the vicinity of the nib. It
records the location data from the nearest location tag, and is arranged to calculate the distance of the
nib 121 or 119 from the location tab utilising optics 135 and controller chip 134. The controller chip
134 calculates the orientation of the pen and the nib-to-tag distance from the perspective distortion
observed on the imaged tag.
Control data from the location tag may include control bits instructing the pen 101
to activate its “active area” LED (this is in fact one mode of the tri-color LED 116, which becomes
yellow when the pen determines, from the control data, that the area that is being imaged is an “active

area”). Thus, a region on the surface which corresponds to the active area of a button or hyperlink
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barrel 125, the slider blocks 123 or 124 nove relative to each other to
project either the pen nib 119 or stylus nib 121 out through the hole 122
in the netal end piece 114. The pen 101 has three states of NP5035-SG 48
operation. By turning the top 105 through 90 steps, the three states are:
Stylus 120 nib 121 out; |Ink cartridge 118 nib 119 out; and Neither ink
cartridge 118 nib 119 out nor stylus 120 nib 121 out. A second flex PCB
129, is nounted on an el ectronics chasgis 130 which sits within the

housi ng 102. The second flex PCB 129 nounts an infrared LED 131 for
providing infrared radiation for projection onto the surface. An inmage
sensor 132 is provided nounted on the second flex PCB 129 for receiving
reflected xﬁaadaie&ﬁdoma uf ﬁdﬂmtcﬂhﬁ LED! £igi6e the e oStRe pri Grisfidl @x¢dbiREBhal 2 batltdﬁa)r nounts a
radio fr ney. c whi ch includ n,RE transm r. _and

Focer ver T SR e A bes e ol By STl B
101. An opvaptu,rs cdgtimoks pﬁef&w@fr@dmg;dﬂw oreginpor tueﬂrfeqee/aqch Wa-‘a;»pnde to)a sgpgtere Wi t hi n

t he cover igrgyar@dqglggre@og&tt&agﬂmcggtﬁ@gggn@@qmcpnto t he surface and receives
i mages onto the image sensor 132. Power supply wires 136 connect the

conponents on the sdCBhll el tq g sprfce ’B%}t ‘E°§‘P’9S"éc§ﬂ1°éef grokes 7A ke h ar e
nmount ed Wcbiis3 of h@qeadobatid-@impdPien 161 posititisda khe MCeCﬁfmﬁtﬁ&B)Speh-ﬁoviment battery

contacts 13 m barr ree olt r e. b tiery 139
sits wthiA ngf%mé’geted absga? rqélfntf%upeﬁe%olﬁte I(f\’/ln\t"tm eg F [pge%% Kt gc s. An

i nduct i on titsheld toriglieivhethet Gheipgn vt veHlomsoes well hebeing antaprered ¢set>eomu129 to
enabl e reqhal & Bendik whéﬁqhegéﬁfs@%wnﬂ.%gs@ﬁaﬁml THUGhdaRbf capRfea 3k EnstibgY PCB 129
an

al so mounts an_infrared i, nfrared phot odi ode 144 for det ecting
di spl aceméfitalied, ‘digil iy Pigjial inkgan bo Bse ity aéPwa@Pg tpEm & Prode o Br ¢ he i nk
cartridge dikitfl ekhangs eftirdwixgs Widi bandRglting, for Of-HeIrecbgnitdn afHatdwaiting) @ddefbminiliat i on of
the force b%caﬁ psplled to the surface by the pen nib 119 or stylus nib
121. The I 6t odi ode” 144 det ect s light fromthe IR LED 143 via
reflectors (not shown) mounted on the slider blocks 123 and 124. Rubber

grl p pads 141 angiddlZmaRe chipqyi Qﬁ%&ﬂ,\@am&eg&mo@aﬂl thahiQthe a@@m@; ng 102

assi st i the pen 101, a also includes a clip 142 for
cI i ppi ng t“ﬂg g‘lr% q%? Pﬁ“&“ﬁé‘?ﬂé@f age gg"r fg{‘;‘\%’f\‘l RIS (2 %ﬁ%““ﬂ%ﬁ'“i’ﬁl i's
arranged to det eWhannle pel® iposgetdl @ Mecaifrer,i thesdigitabink 84tayis uransmittisd &sAdis Grmédnk
cartridge Wh@fhgle 3201 %vés%ﬁtgdf%ge 'd%n&ﬂﬁ& daR21id BHRG g fhé HIR 10?"&11 §3opf the

surface in e vicinit é recor ocation ata fromthe
near est | GEatydtrlvdeg, bubiss grrngeddp slarsglésitaliigk ot f@@@f@@m%tﬂél?dwvtaﬁé@ecyﬁﬂ the nib
121 or 119mt1crnq,mﬁtetg@fakdyg@tcmgta@hudéalateyS| ng opt| cs 135 and controller chip

134. The control,%er c éﬂ cal cu S tpl gtl flmt he pen and the
ni b-to-tag di stanc&f? %E?ht“h bé?oé’ﬂté ?’l se%f nlrt% sfved 81 ?‘Ee i maged
tag. Cont iselblodiadiagrdny ifwstreting irl rogadsitainhetagyjitaveye qf rhe bqntxlélec@m IBG)IFngtetIQ also
instructi Bwt H:Ere&ﬁtgtio;]rsogf 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 force sensor photodiode 144.
The pen controller chip 134 includes a controlling processor 145. Bus 146 enables the
exchange of data between components of the controller chip 134. Flash memory 147 and a 512 KB
DRAM 148 are also included. An analog-to-digital converter 149 is arranged to convert the analog
signal from the force sensor photodiode 144 to a digita1>signal.
An image sensor interface 152 interfaces with the image sensor 132. A transceiver
controller 153 and base band circuit 154 are also included to interface with the RF chip 133 which
includes an RF circuit 155 and RF resonators and inductors 156 connected to the antenna 112.
The controlling processor 145 captures and decodes location data from tags from the
surface via the image sensor 132, monitors the force sensor photodiode 144, controls the LEDs 116,
131 and 143, and handles short-range radio communication via the radio transceiver 153. It is a

medium-performance (~40MHz) general-purpose RISC processor.
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to activate its "active area" LED (this is in fact one node of the
tri-color LED 116, which becones yellow when the pen determ nes, fromthe
control data, that the area that is being inmaged is an "active area").
Thus, a region on the surface which corresponds to the active area of a
button or hyperlink NPS035-SG 49 may be encoded to activate this LED,
giving the user of the pen visual feedback that the button or hyperlink is
active when the pen 101 passes over its, Control data may al so instruct the
pen 101 to capture continuous pen force readings. Thus a region on the
surface which corresponds to a signature input area can be encoded to
capture continuous pen 101 force. Pen 101 action relative to the surface
may conprise a Sa&hd @mceddor IUF,08igikl trAusSliven Kk@npoR@sS (tadisteiv@f cant® i UKSA Caad Of

ti me- st anped n. 10 ositions on th f.ace, injti -down event
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“down", aspaells 196 aRGloPed iNIEiPLAE RE@S @ continuous value, for exanple
when the pen is capturing a signature. The sequence of captured strokes
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and packagdinfb9tet@ditd) Gl riGik@nsm ssion) to the conputing system Wien the
pen is in range of a receiver, the digital ink data is transmtted as it is

formed. Wien t heThsenntpber ANl B¢ B 2 gticspenhjate aftgr ypariad ofiipgtivdy pvhenithe asYis £ er ed
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store digi Lnk..data, fqr praxi mat el 2 mnutes of t ) ion on
t he surfac?e’?éraﬁlf%o%g% 1%‘eaut(arwane;gu eccf%)ﬁer%}wﬁ'me Peon ma%gfrel:g?g‘}giggmfg% is

tted l'ater. The contro
nmount ed orfvithe second flex PCB 129 in the pen 101. Figure 10 is a block

di agram il | ustr afiengiid RanbRi6 ARkndkidatet RLhALARLLQCIOUNE 2 Bindlddgna 0PN 8 | €r Cchi p

134. Figure 10 also shows representations of the RFE chip 133, e i mage
sensor 132?“1[15??‘%3????“9%8% %‘Fm*&‘t"%lfﬂé“et‘%tﬁe‘fi"e%'4‘1}%“‘{“?5“3‘1 SF‘F‘G‘H? ﬁ‘&t“i‘“‘g‘ﬁa‘h 131, the
| R force $erisod utekReqheh8y hoppiok dnth eollis®n daecsients providhptedeterodfeckddmunidagonpen
control | erg£hip ,;%Ao,jﬂ&%l udes a controlling processor 145. Bus 146 enabl es
the exchange of data between conponents of the controller chip 134. Fl ash
menory 147 and aASdiguym abpyrAfh ponglOf ppticy [ssigplementad ds @ mopldedepiirsapdy &35ei gi t al
convert eL Tiéggticﬁmarﬂ@pgﬂ&tadcay ae r@ytf%g body hesI @ﬁ'l%\lsl%d setie@iRAllylik Pk s ThOT C 552
sensor phot odi ode, t i.gital. signal.. An i e r interface

7t or 1 acoSPE PAPTES & ok e 08 s AR e P DDA o 525 g
base band beanr spliitdr 1% 4n ajetied lew L6 gddurdechnt! dens 6 lefof focwingiat bmagdh entRimaghi p 133

which i ngludes aR.REs ¢élifllicde doopudgheX- resonators and inductors 156
connected to the antenna 112. The controlling processor 145 captures and

decodes | ocat i onThg&ptisalipalB i designed fordgliyer hibarp image to the image sensor 132 of that part
193 of the imaged surface which intersects the field of view cone 192, within required tilt ranges (see

later). The primary focussing element is the objective lens 160. This is also used in reverse to project
illumination from the IR illumination LED 131 onto the surface within the field of view. Since it is
impractical to place both the image sensor 132 and the IR LED 131 at the focus of the objective, a
beam splitter 159 is used to split the path and separate relay lenses 157 and 161 in each path provides
refocussing at the image sensor 132 and the IR LED 131 respectively. This also allows different
apertures to be imposed on the two paths.

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

same object space field of view as the capture path, so that the illumination fills the object space field
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surface via the imge sensor 132, nonitors the force sensor photodi ode 144,
controls the LEDs 116, 131 and 143, and handl es short-range radio

comuni cation via the radio transceiver 153. It is a nedium perfornmance
(-40MHz) general - purpose RI SC processor. NPS035-SG 50 The processor 145,
digital transceiver conponents (transceiver controller 153 and baseband
circuit 154), image sensor interface 152, flash nenory 147 and 512KB DRAM
148 are integrated in a single contrajler ASIC. Anal og RF conponents (RF
circuit 155 and RF resonators and inductors 156) are provided in the
separate RF chip. The inmage sensor is a 215x215 pixel CCD (such a sensor is
produced by Matsushita Electronic Corporation, and is described in a paper
by ItakuraﬁvaFmNQQ&@@dﬁmmNmﬁkM&ﬂﬂwa, R Nagayoshi and M Qzaki , "A | mm

50k-Pi xel 1T CCD or M ni ature. _
Transacti ons on E“ggigi E:P s'm ed n ﬁ%f my i nun%§ p% 1?’arﬁ‘ﬁea(r’fl ‘86, whi ch
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101 is not | n contact a surface. i ncorporates a dedicated circuit
150 whi ch Stiientgersh efffieldrioythedull ’@%&‘fé’é?“rfﬁﬂﬁdﬁll&‘ﬂl%d Pyt é{hﬂcam‘ﬁ@gh Bpudene
cont r ol | erant3dicivipdrulrdopNONREF thi¥papeer 151 on a pen down event. The radio
transcei ver co ni cates in the lic 90 nd used by
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col I'i sion &cd Lan b thﬂéféa ﬁatA S}Itﬁé LR R NER HofSRereRATIINC Ailek @Aphics @n 3 PEN
OPTICS As discussed a ove pen 101 optics is inplenented by a noul ded

optics bod§eSﬁé‘é‘ieWh"rl}féayc?ﬁ?ﬁ‘%“éluﬁ%‘f’kﬁ"éh“’f‘ﬁ‘ﬁf"@’r@r‘ﬁnb‘ﬁtbﬁﬁeafﬁ@a%dpt| cs body 135 is
il lustrat el schepeNpProgkssn@ N Figure 48. The optics conprises a first |ens

157 for focussi n%hragéstliuson flgf)m mpeﬂ;fg%r chl,_tl_:t%%en 0 1smcrr%{ %158 a

beam splitter an obj o%p il o1 8RS sec ens 'or * f ocusi ng
an i mage onmtfae,itrmpgel0] sleprgdnes 1QRsitighand prientatjon rdl@ire fo tha pytfacantd 09 Hetogfiew call

path. The aQJa}aiteCraLdmL@rebogmqgétsgsntﬁ@la&ae BEtdph&l cACINBR ahd R IaickHral NG | MRYE
sensor 132 of that part_ 193 the i ma é) surface which intersects the

field of aspidhsert pddn-Ligg ’f‘ﬁd ‘i“é’ﬁ desogritiqn” FEE, Langactions o Latert Analysys anqrp, o

prinary f oeddbifd RGIGENTHL12] Sunib&ies, Alju@ 990y e diehsurd GOvhichHN iScoip®ragll Baeimised in

reverse t %ty E{ogsl-rf:tﬁrenc]p). Jl'lre 571]01;? saeltls!op rfxo!o IEP 1% u!d@ed tlo mldmitg ?e'iahQ rlfujes%g?d ;lvﬁelhep nto the

sur face nce It 1s ‘inpractica ace both
the i mage theesisiupl 9o daywef- Th?efOYPRHQYEBO hechptaned gsaeontigeqys vabe: as Hiscug deYs ve, a

beam spl i tf flow kRl Endd3@dr 4 Genitileitd belviiie@at h and separate rel ay | enses 157

and 161 in each path ‘orow des refocussin at %p ﬁ#rﬁtg ’f“{fﬁ 13% and t he

| R LED 131 respetiipgelQ) detqrppings %‘?FE‘&?‘%??”&WE Py g g% UPLETHE Phe

i nposed Oﬁmighe,ih%ﬁirm‘fcdhﬁ).ectrmn,anareaofthe surface in the vicinity of the nib 119, 121. It decodes .
the nearest tag data and computes the position of the nib 119, 121 relative to the location tag from the

observed perspective distortion on the imaged tag and the known geometry of the pen optics 135 (see
later). Although the position resolution of the tag may be low, the adjusted position resolution is quite
high, and easily exceeds the 200 dpi resolution required for accurate handwriting recognition (see
above reference).

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

Figure 49 is a diagram illustrating location tag and stroke processing in the pen 101. When

the pen 101 is in the pen-up state, the pen controller 134 continuously monitors the force sensor
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The edges of the image sensor 132 act as the field stop for the capture
field, and the capture path is designed so that the resulting object space
angular field of viewis as required (i.e. just wunder 20 for the
application of this enbodinent). The illum nation path is designed to
produce the sanme object space field of view as the capture path, so that
the illumnation fills the object space field NPS035-SG 51 of viewwth
maxi mum power and uniformty. The lit spED 131 is strobed in synchrony with
frame capture. The use of focussed illumnation allows both a short
exposure time and a small aperture. The short exposure tinme prevents
notion blur, thus allow ng position tag data capture during pen novenent.
The snal | phpeliddei4t fat 4 paslowsevhditiol @ 1@p Prtile dfe pki Blirth feprdowheatd, telped ange of
surface d [ i1 I ' : [cit
per tur o ot (APARGY clobie 163 18 GANRLAS 7LD Do 06k BB BIRNL O
strong r e&pBees @ferh e peth YUt popiien andsirightetion melative tpr the pysfageq | @Rdjand Appendsfthe he
spect rum pbsttioh Satio e REHRE: sR¥keARa .tiﬁﬁchfdﬁlﬁﬁﬂ tdgidhth £1d ohB3ntbrhatidAQundPhoktt g Pat h so
e tgg data on the surface, free from

that it cgplures a clean i ﬁge of t

i nt er f er efCE™f FBHTGE e‘PO“ﬁ?récgE TR PP YHEDE BFeaUR G ¢ FreRBY b & B f%9t%d usi ng
i Nks whi cHataand thasais)ia ke skoke Hatd Viethn BB Ehip MH3raad @bnnal.1 2] AN RRGEESSENG When
the stylu i L, | 1 i dg j .he B S, ] ont act
wth s onpf iy bR Sl gh ik B30 T B SlonliiSaRBL A0 brad pl bl

rel ative eepietrd 143 and alsado determing whether gnea sirel/is baing sitrtet €74handwr i ti ng
recognition (seeshlifhgadlrbddabitly By sTapRidly 3Gyolds), the HRAsiA Mbofithika naira, " The
State of the A Lo, Ne N Li ne, Hand W ti ng Recogni tion" | EEE Transactions on
Pat ent An%TAPY %4 §F DARRARTNS U5 "0P1 PHEALE ™0l 12, nunber 8, August 1990,
t he di scl osur e dftheyeh Glout of rangeod n ponmmti@cydter t irhsmid o, henosisite flighatink @) . The
force sen i 144 i Lhised . LNndi ne i ol d
whet her ?sﬁéte‘gggﬁe?lg}ygﬁg". or a'n%?)&m%}eh d%’%ﬂ “?(8’?11(%:‘2{? ir?gl?/)& g’ftﬁslgl'%%e_o\égﬁ{)%{ugéf as a
cont i nuou®steral When thespes deieraad arpmgyoy 811 the pengeasesjo cprin digital dfrpadiinsigadof a
si_gnatureﬂasnbs?ee_nwemxjmdelvgﬁhk?zsélﬁamﬂ&ﬁodﬂ&%mhap%mh_e position and f 4
orientation of its ni. on the surface . ing, in the infrare
spectrum an arlerﬁa% Ihfq%telﬁeﬂﬂ“f’&eé'g O?Hwtr‘h‘%g t"Elmﬁi X’Wégﬁ‘g%?"ﬁni@gﬁr&le t
decodes ¢omputing aysteart FiguagSidia b diagrad ilberuog b sttufrere pbde tawaligitalfink Pegitediidk 119, 121
relative dieifGur:RE 3 hofln130whGAID iG01 QUSRI SHIRS! SRECH kSufll PRI 0N On
the imaged tag and the known geonetry of the pen optics 135 (see later).

Al t hough $#{Bliploureh ipfrpnmitedito e syfeBf the tag may be | ow, the adj usted
position resolution is quite high, and easily exceeds the 200 dpi

resol uti o, tSAplT pitglprkcglgcotﬂgnatte handwriting recognition (see above
referencg?. en 10T acti

On"Fel ative to a surface are captured as a series
of strokes. A stroke consists of a sequence of tinme-stanped pen positions

on the SOFTaCE,w dHidfimt €0 Y[ & Pahg dOWIT eVE ARy conpretred hytie lf
subsequent pen-up event. A siroke is allso tagg.ed withijthe region ID of the
surf ace component (bits)

pen ID - 128 -

nib ID - 128 -

absolute time ms 64 -

last system time ms 64 -

region ID - 100 -

time offset ms 32 49.7 days

tag ID - 16 -

x offset 20 pm S9 +10mm

y offset 20 um S9 +10mm

x rotation (pitch) degree S7 +90°
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whenever the region ID changes, i.e. just at the start of the stroke under
normal circunstances. As discussed above, each |ocation tag includes data
indicative of its position on the surface and also region data indicative
of the region of the surface within which the tag lies. Figure 49 is a
diagramillustrating |location tag and stroke processing in the pen 101.
Wien the pen 101 is in the pen-up state, the pen controller 134
continuously nonitors the force sensor., NPS035-SG 52 photodi ode 144 for a
pen-down condition (step 164). Wiile t%e pen is in a pen-down state, the
pen controller 134 continuously captures 165, 166 and decodes 167 tag data
fromlocation tags fromthe surface, infers the pen 101 position and
orientathpm&ghgkmye TO The SPTT ak@ee 10§ and agpends tfe posidoron datja to
the current_stroke data (including the flag data and otHer informationjsuch
as force, 4@“?@““?@ bei ng confinde¥e y fonitoréd). On 4 pen-uff%vent tlhe

pen contriof4RE 134 encrypts IO the stroke datg@ and trlansm tassl/1 the
stroke data-via the RF r~h|n 183 and anténna 112t o thd conrputinrg—syste

™ CUrMTpUTT Iy oyotc ©

Not e that the pen sanples the nib force 172 in order to determ ne whet her
t he stroke has beas th@p}ﬂpd@bﬁﬁctéuz&ea&dpua@@stén@ ttd ebr@oiter 182 nadifet the systamnew
stroke is i t re B8 b iply (3
cycl es), OEE’ g’o@égélt[ﬁ&%fmenﬁ% olljmute(see F 9 ulggomea%;ed&b%&%/ggw%hﬁe

pr ocessor 'sgstani prior wheaingt diing dhis jaoveshd system Ith cqnh)ete pendrifsin ghetrew's clodimgd of a

conput i Ng SMuSkE My ihiiANSMEkd Eon tleen 101t acmﬂélﬁg@}r ﬁ“héjf)&'lbﬁlhed SYfchidisesiids S
internal nmenory. It transmts any buffered dig ﬁ/nen it is.next

Wi t hin rar’i@’é‘“‘ﬁ? °18°kc‘6‘ﬂ‘p‘ﬂ‘? fefiggate Wb‘f"éﬁrﬁl""hﬁ’é H‘ets}‘Fépmpghe %en Uﬂt dbe SREREIG s full

t he pen cea&fso identifpé phevheh thidrd ia notertilan atethei lilﬁig@ﬁdatedf\hﬁﬂhe&nputlﬁg sgstanor  LED

whenever e yiser, att e ts to vvr| e t he
tPh ?Weberug&cl) gh useV\éhé gnentt{' 1% d‘E % ogtﬁpl%]eg 1&3 A xLu?[;lé

conponent s 0 tFrans
conput i ng aad/iteesph wik %PEDGSQI 4 Baﬁa’ulél dirgetedrmingrylpt athsy M@dl{nﬁés this 3z pefrbe of t he

raw di gi t §dquirddK Thhilith 3ok ke cmﬁiuakg kyStel U fiRh@EY Wnldh tnmestp@mmmil \ahma the pen
101 is working offline is store

in the sane form as [ which is
transmitt S6T9E PR 1% ety Pepg wed ThRameging Y™ faﬁlyaréétﬁﬁ%ﬁé'ﬂ'{ gep? e di gi t al
ink unit mp@m}ﬁdhoﬁb its behgpensedC Borprunely if (Heiitkscpririqge nib 11D is bdiRfised thi dpmpBing 128 -
absol ute t%s%% 4@ T prod&ﬁ'% ﬁ?e\ﬁ%cﬁ mité&t Tecall® 1%ed'1atf! ﬁegdbg& it B‘owde]dqgr the Inl( e

of fset ns
markings made on the surface Where the stylus nib 121 is being used, the computing system may

produce immediate feedback output.

At the start of a stroke the pen controller 134 records the elapsed time since the last
absolute time notified to the system. For each pen 101 position 177, in the stroke the controller 134
records the x and y offset of the pen nib 119, 121 from the current tag, the x, y and z rotation of the
pen 101, and the nib force. It only records the tag ID 178 (data identifying tag location) if it has
changed. Since the tag frequency is significantly smaller than the typical position sampling frequency,
the tag ID is constant for many consecutive pen 101 positions, and may be constant for the entire
stroke if the stroke is short.

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

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

Since the region ID is constant for many consecutive strokes, the pen only records the
NPS035-SG



x offset 20 lun S9 10mm vy offset 20 pin S9 10mm x rotation (pitch) degree
S7 90 NPS035-SG 53 vy rotation (roll) degree S7 90 2z rotation (yaw)
degree S7 360 z force - 8 255 Wien the pen 101 connects to the conputing
system the controller 134 notifies the system of the pen ID, nib ID 175,
current absolute tinme 176, and the | ast absolute tine it obtained fromthe
systenlprior to going offline. This allows the systemto conpute any drift
in the pen's clock and tinmeshift anyigital ink received fromthe pen 101
accordingly- The pen 101 then synchronlses its real-time clock with the
accurate real-time clock of the system The pen ID allows the conputing
systemto identify the pen when there is nore than one pen bei ng operated
Wi th the GeRRUD WEnSY&hees 130PERs bddoma thdRgibi I idAiditly lafloayed tveiHatiiiec h USe
the pen to |dent|fy an owner of the pen, for exanple, and interact with

t hat omneﬁm?ﬁ’ﬁ particular directed manner. In other enbodiments this my
not be  requi r edSincEhasaintay kidngel thonils 1 19hE 1 derweent dna giraky stdethy ity ielpamtlOty whi ch
i b, styl us: Al dbes hib 't or a SRSE 11098s sucane%%mbl 1B RpIRES Ml YardGiBBeSEd.  The
conputing Systemcan vary its operation depending upon which nib is being
used. For s&%kawiple, if the ink cartridge nib 119 is being used the conputing
system may def ergqgs QeipeieRdf § SRARAE kn Bidppdbdeb pemt) slistedEdblas.e feedback is
provided by the ink markings made on the surface. Where the stylus nib 121
is being used, the conputing systemmy produce i medi ate feedback out put.
At the start of a stroke the pen controller 134 records the el apsed tine
since the last absolute tine notified to the system For each pen 101
position 177, in the stroke the controller 134 records the x and y of fset
of the pen nib 119, 121 fromthe current tag, the x, y and z rotation of
the pen 101, and the nib force. It only records the tag ID 178 (data
identifying tag location) if it has changed. Since the tag frequency is
significantly smaller than the typical position sanpling frequency, the
tag IDis constant for many consecutive pen 101 positions, and nay be
constant for the entire stroke if the stroke is short. Since the pen 101
sanples its positions and orientation at 100 Hz, pen 101 positions in a
stroke are inplicitly clocked at 100 Hz and do not need an explicit
timestanp. If the pen 101 fails to conpute a pen 101 position, e.g.
because it fails to decode a tag, it nust still record a pen 101 position
to preserve the inplicit clocking. It therefore records the position as
unknown, 179 allowing the conputing systemto |later interpolate the
position from adjacent sanples if necessary. Since the 32-bit tine offset

of a stroke has a finite range (i.e. 49.7 days), the pen 101
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optionally records an absolute tinme 176 for a stroke. This becones the
absolute tinme relative to which later strokes' tine offsets are neasured.
Since the region IDis constant for many consecutive strokes, the pen only
records the NPS03S-SG 54 region ID when it changes 180. This becones the
region IDinplicitly associated with later pen positions. Since a user may
change the nib 119, 121 between one stroke and the next, the pen 101
optionally records a nib ID for a strqée 175. This becones the nib ID
inplicitly associated with |ater strokes. Each conponent of a stroke has
an entropy-coded prefix, as listed in Table 5. NPS035-SG 55 Table 5. Raw
stroke conponent prefixes raw stroke conponents prefix raw pen position O
unknown pen position 10 tag change 1100 end of stroke 1101 region change
11100 nib n e tinme change 11110 A 10mm stroke of 1 second
duration §B§ % %6“ %W@E“?ﬁﬁéf contains 100 positions sanples, and
therefore has a size of about 5500 bits. Online continuous digital ink

capture there res—d HuXIHUHILIdeHIbeHki:peeu of 55 Kbps,Jjand

e
of fline clontinuous digital ink capture requires about 40 Kbyt es of huffer

menory permwvﬂuwemmThe pen's 512KB DRAM 48 can therefore hold over 12

m nut es OIPE&H&EQHBHQmOIgI[aI MK TT e, Tegiornf gnd ni b changes happen so
i nfrequent they have a negligible effedt on the required

transni ssfiterhapseed and buffer memory. Additiondl!!%onpression of pen 101

pOSi tions &@Qfs[r@guce transm SSI Oon SpEEd and but T]QD] nenory requl renent s
further. dnclnn th Trinl e-DES al-gori-th

nm
P e A AT A=A B R R LR}

(Schnei er|,"$2 R8T i ed Crypt ogr aphy, Second Edl’ﬂa%) Wley 1996, the
disclosuremgﬁmgelch I's 1ncorporated herein by griasa- reference) bef ore
bei ng tr gasHttedto—the—corputing—Ssystem—Fhe anu cofptt+hg—system
exchange |[s t@?§m8ﬁ’keys for this purpose on a re ﬁigﬁ basi s. Based on a
conservative estimte of 50 cycles per encrypted bit, the encryption of a

one-second 5500 RI lbmat slirgkl%e fclo &%&qed%rago %%rgftw& QP three tags, contains 100 positions

samples, and therefore has a size of about 5500 bits. Online continuous digital ink capture therefore

requires a maximum transmission speed of 5.5 Kbps, and offline continuous digital ink capture
requires about 40 Kbytes of buffer memory per minute. The pen’s 512KB DRAM 48 can therefore
hold over 12 minutes of continuous digital ink. Time, region and nib changes happen so infrequently
that they have a negligible effect on the required transmission speed and buffer memory. Additional
compression of pen 101 positions can reduce transmission speed and buffer memory requirements
further. ‘

Each raw stroke is encrypted using the Triple-DES algorithm (Schneier, B, Applied
Cryptography, Second Edition, Wiley 1996, the disclosure of which is incorporated herein by cross-
reference) before being transmitted to the computing system. The pen and computing system
exchange session keys for this purpose on a regular basis. Based on a conservative estimate of 50
cycles per encrypted bit, the encryption of a one-second 5500 bit stroke consumes 0.7% of the
processor’s 45 time.

6.5 OTHER PEN EMBODIMENTS

In an alternative embodiment, the pen incorporates an Infrared Data Association (IrDA)
interface for short-range communication with a base station or netpage printer. ‘

In a further embodiment, the pen 101 includes a pair of orthogonal accelerometers
mounted in the normal plane of the pen 101 axis. The accelerometers 190 are shown in Figures 9 and
10 in ghost outline.

The provision of the accelerometers enables this embodiment of the pen 101 to sense
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processor's 45 tinme. 6.5 OTHER PEN EMBODI MENTS In an alternative

enbodi nent, the pen incorporates an Infrared Data Associ ation (IrDA)
interface for short-range communication with a base station or netpage
printer. In a further enbodinent, the pen 101 includes a pair of orthogonal
accel eroneters nmounted in the normal plane of the pen 101 axis. The

accel eroneters 190 are shown in Figures 9 and 10 in ghost outline. The
provi sion of the accel eroneters enablgg this enbodi mrent of the pen 101 to
sense NPS035-SG 56 notion without reference to surface |ocation tags,
allowing the location tags to be sanpled at a lower rate. Each | ocation
tag ID can then identify an object of interest rather than a position on

E he surf agRton ﬁ@guteefa:m)@é @,Sﬁifafce b%ao@@gs,eﬁa%wﬁlg thd lanSiﬁﬁ tlaj;srts 6¢ §ampld itram_we;] el e mﬁ nt
e.g. a conmgnd button). then the tag. of ea ocati.on t thin the
area of t ﬁ%ﬁ%ﬁ?wt&néﬁ%ﬁf““c@ﬂ“ [ &% PRject Y et ?&‘frﬁtéa“iaﬁﬁsﬂﬂm@? g’gré * The
accel er at iForexamas ifiedbjy istalueer ingeefedeguporpiirentse.g. A caeashd ofttor) kenxheaspdDyf

di rect ONach Tocaol 1f itk flartd I IAREER LA, %Jggﬁg%&&gp&gﬂ@ﬁ@‘e@m nst ant aneous

vel ocity and posit >l nce the starting ‘tion o e stroke is not
known, only r el atte\aecelsaton: oesppsedpst e accglerometery fpcagl of Bak @pd 4tdEeptions|it hough

posi lti on in{aég?a%t%h &Ebei?efﬁﬁtﬁ%‘% %ﬁg‘ée a{iﬁ&hﬁ?&?_@h@ws&iﬁ?ﬁo@fpel e(r]I ation, f

accel eroneters typically have_ hi resol utiqn, an e tine duration of a

stroke, over whi eél}“’rsfi’¥t g'pﬁ%té’ﬁr?glriﬁtsg?kei%n%tﬁ%?"t’“f° YrﬁQﬁ"Pﬁ?%"ﬁRT“

DESCRI PTI @itke ArelcaleiRhtdd] BRhdVEICHANDCHtcEhdonvertmubzb kyorsrinuid edsed @tcplagton,

wal | print Qdheks A ?m! I:Re Kl ver R et pages
?%ﬁl@gt’k t!e§t3'§£:§%a\te%%lg esgﬁxg b edgtﬂe8 L/ Edragx{c!ﬁ gfa]';UokA,FC) r%cﬁl.gﬁorp

on Letter si zed ra usi " Mem et TM print engi nes 602 and
603, as gttomMat.isslitgures 12 and 12a. It uses a straight paper path with

t he paper 7604 paaskAtg PrivigUOEscRiPRon dupl exed print engi nes 602 and 603 which
print bot 9_1si desP (I)fTB?aMsheet simul taneously, in full color and wth full

bl eed. An‘i'nt egrattor ot Y “Sssenbl y 605 applies a strip of glue along one
edge of each priTht eghticalhre@inied adtpagaivallyrinttr 0D isablvarfdiytassembied ip Feviedldt sheet
when pres agai nst. .t., Thi [ e fiiena , ich can
range in ? ﬁ'?scrt?ﬁ)g eggnflfeg%Ag ne s etcaéhea"t%l g%’%&glg)\(/eg r8 %I kﬁ%‘?ﬂ%ﬂ?éﬁlt g%%%@?@%é@ ol

r epl aceabbhewn firkFigugst 12 japkd E2a6lR Pses g lsimaight paperPtaghyith thedpapes 94 pagsing thieughifbe dupl exed
print  engigigsi piidsgits 86bA8H 8030 hichpBRYEIhSidEsQF a SHed kilnDBinbduditid ME col@dheS] Ve,
and cyan, rrtﬁg‘ent a, yellow, black and infrared inks. The cartridge al so
contai ns ¥MUEPE4ir filter in a base nol di ng. The mcro air filter

i nterfaces w th Aanntedral bjpding ass@dlyi G0S iapidie hrippofi ghie @long d1& cdgedsehGB8@ed Thi s

provides [ell 8668y R ache bl prREduD LGRS LR EURIE. ThIQGESa it B ©
partlclesmiot% m et TM pri ntheads 35 ieh m ght
document 618 which can range in thickness from one sheet to several hundred sheets.

The replaceable ink cartridge 627, shown in Figure 13 coupled with the duplexed print
engines, has bladders or chambers for storing fixative, adhesive, and cyan, magenta, yellow, black and
infrared inks. The cartridge also contains a micro air filter in a base molding. The micro air filter
interfaces with an air pump 638 inside the printer via a hose 639. This provides filtered air to the
printheads to prevent ingress of micro particles into the Memjet™ printheads 350 which might
otherwise clog the printhead nozzles. By incorporating the air filter within the cartridge, the
operational life of the filter is effectively linked to the life of the cartridge. The ink cartridge is a fully
recyclable product with a capacity for printing and gluing 3000 pages (1500 sheets).

Referring to Figure 12, the motorized media pick-up roller assembly 626 pushes the top
sheet directly from the media tray past a paper sensor on the first print engine 602 into the duplexed
Memjet™ printhead assembly. The two Memjet™ print engines 602 and 603 are mounted in an
opposing in-line sequential configuration along the straight paper path. The paper 604 is drawn into
the first print engine 602 by integral, powered pick-up rollers 626. The position and size of the paper

604 is sensed and full bleed printing commences. Fixative is printed simultaneously to aid drying in
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ot herwi se clog the printhead nozzles. By incorporating the air filter
within the cartridge, the operational life of the filter is effectively
linked to the life of the cartridge. The ink cartridge is a fully
recycl abl e product with a capacity for printing and gl uing 3000 pages (1500
sheets). Referring to Figure 12, the notorized nedia pick-up roller
assenbly 626 pushes the top sheet directly fromthe nedia tray past a
paper sensor on the first print enging,602 into the duplexed Menjet’
printhead assenbly. The two MenjetTM print engi nes 602 and 603 are nounted
in an opposing in-line sequential configuration along the straight paper
path. The paper 604 is drawn into the first print engine 602 by integral,
power ed ng&my@ﬂB&gme&§3626 The position and size of the paper 604 is
sensed and full Dbleed printing commences. Fixative is pr
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é
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during pefroad T8 aptin &xpeses fhy gl“ﬂé”hf%g““é‘ﬁteg‘(z frgey £f g 20kle e Gt wheel
assenbl y &fidgs chettRsdssemblly andogiipdtivedylcap the @lae whaebdutihgmbods dfjeacavityt he front side

Lhebi ndi ng. aos i ed 858k A2 EHTRMRL Rl olaehbRRIO BB, SRID 0O
printer cericplodgen ﬂ@(ff‘?s‘i sigle §apayt frem e fitst Bpdt Pﬁ'?gdoallﬂl@éfe 3gtip trgpgrieddown into

factory- |m§gla(id,geagsemgg,6(f5| eld-installed network interface nodule 625, a radio

transcei ver (t ranscel ver controller 753,
RINTER CONTROLLER ARCHITECTURE

The netpage printer controller consists of a controlling processor 750, a factory-installed
or field-installed network interface module 625, a radio transceiver (transceiver controller 753,
baseband circuit 754, RF circuit 755, and RF resonators and inductors 756), dual raster image
processor (RIP) DSPs 757, duplexed print engine controllers 760a and 760b, flash memory 658, and
64MB of DRAM 657, as illustrated in Figure 14.

The controlling processor handles communication with the network 19 and with local
wireless netpage pens 101, senses the help button 617, controls the user interface LEDs 613-616, and
feeds and synchronizes the RIP DSPs 757 and print engine controllers 760. It consists of a medium-
performance general-purpose microprocessor. The controlling processor 750 communicates with the
print engine controllers 760 via a high-speed serial bus 659.

The RIP DSPs rasterize and compress page descriptions to the netpage printer’s

compressed page format. Each print engine controller expands, dithers and prints page images to its
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baseband circuit 754, RF circuit 755, and RF resonators and inductors 756),
dual raster inmage processor (RIP) DSPs 757, duplexed print engine
controllers 760a and 760b, flash nmenory 658, and 64MB of DRAM 657, as
illustrated in Figure 14. The controlling processor handl es conmunication
with the network 19 and with local wreless netpage pens 101, senses the
hel p button 617, controls the user interface LEDs 613-616, and feeds and
synchroni zes the RIP DSPs 757 and pring engine controllers 760. It consists
of a medi um performance general - purpose m croprocessor. The controlling
processor 750 conmunicates with the print engine controllers 760 via a

hi gh- speed serial bus 659. The RIP DSPs rasterize and conpress page
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(ISM) band, and uses frequency hopping and collision detection to provide interference-free

communication.

The printer controller optionally incorporates an Infrared Data Association (IrDA)
interface for receiving data “squirted” from devices such as netpagé cameras. In an alternative
embodiment, the printer uses the I'DA interface for short-range communication with suitably
configured netpage pens.

7.2.1 RASTERIZATION AND PRINTING

Once the main processor 750 has received and verified the document’s page layouts and
page objects, it runs the appropriate RIP software on the DSPs 757.

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
NPS035-SG



comuni cation. The printer controller optionally incorporates an Infrared
Data Association (IrDA) interface for receiving data "squirted" from

devi ces such as netpage caneras. In an alternative enbodinent, the printer
uses the IrDA interface for short-range conmunication with suitably
configured netpage pens. 7.2.1 RASTERI ZATI ON AND PRI NTI NG Once the nmain
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page objects, it runs the appropriate ;R P software on the DSPs 757. The
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serial inferface 659 revious e 1S I from DRAM 769 and
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JPEG corrpr essed contone
from DRAM 769 and passed through the print engine controller pipeline. Once the page has finished

b=

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.

When several print engine controllers 760 are used in unison, such as in a duplexed
configuration, they are synchronized via a shared line sync signal 770. Only one print engine 760,
selected via the external master/slave pin 771, generates the line sync signal 770 onto the shared line.

The print engine controller 760 contains a low-speed processor 772 for synchronizing the

page expansion and rendering pipeline, configuring the printhead 350 via a low-speed serial bus 773,
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| ayer, expands (at 764) the G oup 4 Fax-conpressed bi-Ilevel black |ayer,
and renders (at 766) the bi- |evel netpage tag | ayer according to the tag
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al so fall }é\écﬁdlhdlntlﬁk%dﬁlg Idséuﬁlerﬁﬁgc %@ b?fcrogsj‘}gfergﬁc@ %@%robﬂwee @fxé sggbe of the
Accordingly, it be understood the invention is not intended to
be ||nltedeH“PH%mgﬁE%?¥V8wéﬁ$BﬂlH@ﬁts described in the present

speci fication, including docunents incorporated by cross-reference as
appropriate. The scope of the inventionis only [imted by the attached
clainms. NPS035-SG 61 0 CLAIMS 1. A sensing device for sensing region
identity data and generating at |east one of novenent data and position
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
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regi on, the novenent data being indicative of the novenent of the sensing
device relative to the region, the position data being indicative of the
position of the sensing device relative to the region, the surface having
di sposed upon it coded data indicative of at |east one region associ ated
with the surface, the sensing device including: a region identity sensor
configured to sense the region identity data using at |east sone of the
coded data; a notion sensor configureg to generate at | east one of the
novenent data and the position data; 5@ identifier menory configured to
store a sensing device identifier, the sensing device identifier being
configured to distinguish the sensing device from other sensing devices of
the sane type; a conmunicator configuagdsSto comruni cate one or nore of the
region identity data, the novenent data, the position data and the sensing
device identifier to a conputer system and a tinmer configured to generate

a tine reference, as the, sensi ng device iS, _nov relative t urf ace
regi on, wherein %ﬁ@ls%ﬂ?ﬁfﬁe?ﬁ %PSlflg & 1d§{}?t¥dﬁfaoan§(%§r% ﬁﬁr&%{elée{g?%%e

ref erence orgadniet HAG 26O PBYIEEH dattviiBn thd SersinEddvadeds @xhRd délbvedoRi 19
indicative of the tine reference of at | east one of the npvenent data and

t he positiregiodafa swfagente acgdn bgentithdatei eing indR8036 0§@n ddentity of hasensi ng
devi ce accor.ding to clai wher.ei.n t he mruni cator.js _configured to
conmmuni pa_tr‘égIB’i’ret%SFn%F@ng]ﬁgtf‘ tl?gl_nrg B?‘Sﬁt_“fea‘ét_ﬁtg‘? f’)’f_w&_giegfofi “‘8 ST HAYCS dat a,
the posit 'raatiéél{oath@&%i&h%@ﬁd&ﬁidﬁma%yéiﬁgemd%ﬂ% bT @k pb&tibher GeBMI System
in encrypted form 3. A sensing device according to claim1, wherein the

i denti fi erdemierorelative cpthiesegica, rtbadudatey haeingr disposed Aipoenisi snged edate e

according.tg claiml, wherein the notion sepsor i configured.to generate
at | east dﬁ‘g‘”&f"et A R eWHBstg? iSBﬁaCc?aggeﬁ S decq east

sone of th clﬁ&ﬂgp data. 5. A sensing device according to claim4, wherein
the coded data T's also indicative of a plurality of reference points of
the region, the awtionndsginssmsdreionfiguedid sense gt regiog edentityt datausihgakt one of
the movemgD  Camdofine coded fy' 110N data on the
a motion sensor configured to generate at least one of the movement data
and the position data;
an identifier memory configured to store a sensing device identifier, the
sensing device identifier being configured to distinguish the sensing device from
other sensing devices of the same type;
a communicator configured to communicate one or more of the region
identity data, the movement data, the position data and the sensing device identifier
to a computer system; and
a timer configured to generate a time reference as the sensing device is
moved relative to the surface region,
wherein the communicator is configured to communicate time reference
data to the computer sytem, the time reference data being indicative of the time

reference of at least one of the movement data and the position data as generated by

the timer.
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basis of at |east one of the novenent and position of the sensing device
relative to at |east one of the reference points. 6. A sensing device
according to claim4, wherein the coded data includes periodic elenents,
the notion sensor being configured to generate at | east one of the

novenent data and the position data on the basis of at |east one of the
novenment and position of the sensing device relative to at | east one of
the periodic elenments. 7. A sensing d%ygce according to claim5 or claim§6,
wherein the notion sensor is configured to sanple the position of the
sensing device relative to the at |east one reference point or periodic

el ement, thereby to generate the novenent data. NPS035-SG 63 o 8. A

sensi ng deyi ce atcensh@dlevivechabriidg twhdsigi N, twiereianiie néc@homicatéOigTUNI cat es
with the conputer systemvia a radio frequency signal. 9. A sensing device
accor di ng coBligyrad e somppBicaenonener maes of e degian ddentitydaip. the sryiemses a

Bl uet oot h d%{agl&?é pog}{?o%oggé 3 the sensing device identifier to the computer system in
encrypted form.

3. A sensing device according to claim 1, wherein the identifier memory

comprises a read-only memory.

4, A sensing device according to claim 1, wherein the motion sensor is
configured to generate at least one of the movement data and the position data using

at least some of the coded data.

5. A sensing device according to claim 4, wherein the coded data is also
indicative of a plurality of reference points of the region, the motion sensor being
configured to generate at least one of the movement data and the position data on the
basis of at least one of the movement and position of the sensing device relative to at

least one of the reference points.

6. A sensing device according to claim 4, wherein the coded data includes
periodic elements, the motion sensor being configured to generate at least one of the
movement data and the position data on the basis of at least one of the movement

and position of the sensing device relative to at least one of the periodic elements.
7. A sensing device according to claim 5 or claim 6, wherein the motion

sensor is configured to sample the position of the sensing device relative to the at

least one reference point or periodic element, thereby to generate the movement data.
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8. A sensing device according to claim 1, wherein the communicator

communicates with the computer system via a radio frequency signal.

9. A sensing device according to claim 8, wherein the radio frequency signal

comprises a Bluetooth signal.
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