- 1 HAND DRAW NG CAPTURE VI A | NTERFACE SURFACE HAVI NG CODED MARKS FI ELD OF
| NVENTI ON The present invention relates generally to a method and system
for enabling user interaction with conputer software running in a conputer
system The invention has been devel oped primarily to provide the basis for
a surface-based interface which allows a user to input hand-drawn data
into a conputer network and to obtain interactive printed matter on demand
via hi gh-speed networked color printers. Although the invention will

| argely be described herein with reference to this use, it will be
appreciated that the invention is not limted to use in this field.
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2 BACKGROUND Presently, users w shing to input hand-drawn information into
a conputer systemtypically do so using a conputer nouse or digitizing
tablet. Wilst such interface systens are useful, they are relatively -

bul ky, and they lack tactile feedback provided to a user drawi ng on a pi ece
of paper with a pen. Mreover, in nmany situations, paper is a nore

physi cal |y confortable and convenient drawing nedium due to its visual
characteristics and its portability coppared to other conputer interface
devices. However, it |acks many of the advantages of drawing directly into
a conputer system For exanple, data in a conputer systemis easy to
archive and then search, while paper is bulky to archive and inconvenient
to search. SUVWMARY OF | NVENTI ON According to a first aspect of the
invention, there is provided a neBACHGROUNMDbI e a user to interact with
conputer sof tvarg, Jeh{pnasag whebinfto IR awiVitb R b 5%5namte@sy£t9ﬁ é%lparu& nt ed
onto a surface, th orm 1 ncfuding Information rel ating conput er
sof twar e, dofse u%;%raf cqEputds s gr digitieine ddetaVhilstiueininierfese éifs“%s ara PSSW H‘@y fPel d

relating t:QadvBio vRARRHALERS 120 fabiiefedbadipeovided B Qtsdr Hﬁwgbﬁlgplédaef;&b&pﬁth af

providing the formto the user; receivin nmput er_s.

i ndi cat i N AU FFHe RO RIPST ??&Weapq‘gsé‘}?@’{ ?10630 gl\e/l"’%econve éﬁl ng}ngatl ng
dat a i ndi aatdivme defto tith @isht alveraagristicsednd ,its ppbrgabitipve@memtd Badtier cmdbicainierfee of
rmverrent VlCetS hﬁo&e%gl’s t ﬁngqI%X Sﬁhé. gflL/dn éé%fhgwﬁxg glrJCﬁ)l; mO a claﬁptﬁé? Qﬁ!efﬁngdeV' Ce
when pl aced operative |ve to draw ng ftield, generating the

i ndi cat i ngxampleaddds éepﬂa’tltell YR i SHY tolamhl"?m@rﬁh%é“r‘i%cf‘ ﬁ’@“l%lt’ap?ré%tté’{kyé"cﬂ’i‘é“"Bf t he
coded dat aan@ﬁglmmgt@ggglﬂal | y simultaneously generati ng t he novenent data;
and identifying, t ystem and fromthe indicating data, the
drawi ng field, a§1 Méggroi%ﬁﬁg&ﬁ%’sconput er software at |east partially in
reliance pﬁmcdrdlim neMVEsrespbct déitha irrerdion rtherei in piovideit 4 rostlsnd 4 seble avicote ippred t he
drawi ng figh o, rgﬂlﬁsomgrm%%ﬁag&hﬂa{ep st I ERPRF plifled 6 Glsll:B e bon e

conputer syste request orm The formand, t ded data may
be pri nt edickdiss tnﬁmmav elpting tﬁfhetcaﬁ@é?agqfvmﬁ%%wy“g C?qﬁ%d%‘t’ﬁ%“‘r Pt her

i ncl udi Ng dk e F1a RFatiBd to tHeRohter S IR mNs8 ineliingsags ot i ng  t he novenent
data with the drawing field. Preferably the method includes performng
written gesture pietingrietforano heusat | east sone of the novenent data.
Preferably also, the drawing field is associated with a visible draw ng
zone defined on rechiging, NPXG2GWEErFystinh tiedidatingedat gnfl gpqement data from a sensing

device, the indicating data indicative of the drawing field, the movement data indicative of movement

of the sensing device relative to the form, the sensing device, when placed operatively relative to the
drawing field, generating the indicating data based at least partially on sensing at least some of the

coded data and substantially simultaneously generating the movement data; and
identifying, in the computer system and from the indicating data, the drawing field, and

operating the computer software at least partially in reliance on the movement data and on

instructions association with the drawing field.

The form maybe printed in response to receiving, in the computer system, a request for the

form. The form and the coded data may be printed substantially simultaneously.

Preferably, the method further including the steps of, in the computer system, associating

the movement data with the drawing field.

Preferably the method includes performing written gesture recognition on at least some of

the movement data.

Preferably also, the drawing field is associated with a visible drawing zone defined on the
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The witten gesture may be a selection gesture. In preferred enbodi nents,
the selection gesture includes circunscribing or underlining at |east sone
of the information. According to another aspect of the invention, there is
provi ded a systemfor enabling a user to interact with conputer software
running in a conputer systemutilizing a formprinted onto a surface, the
formincluding information relating to the conputer software, the surface
having coded data indicative of a draping field relating to the conmputer
software, the systemincluding: a conputer system which: receives

i ndi cati ng data and novenent data from a sensing device, the indicating
data indi catlve of adrawing field relating to the conmputer software and
the novengRFHEFEendi catl ve of novenent of the sensing device relative to
the form the sepsi vice, wh operatively relative to the
drawi ng field, gfe}’ner a?n ?]ﬁeybeageq a(fnag%%gdata based at |east partially on
sensing at |easty prefitEd Qlflboﬁxgl%ntggg%gecqgﬁ &sﬁ@%cﬁ%%&%ér@lﬂk%r Slaspitganeousl y
generating the movenment data; rdentifies, fromthe indicating data, the
drawi ng filersgomeeidhedperai®ds the conputer software at |east parti aIIy based
on reliance on the novenent data and instructi O‘f assoc fat agl

drawing fiel d. PrSPEP&ISAgPHehEsPet TheiRvemion igsds SOl APEF™ 5L mrgziltl)l e§ the
printer pri AdtGac ith fcmpmeamﬂrwe:edeﬁhndaﬂ a coutyst systemaltilizingsa ﬁmhtpamgcbm y.
Preferably, (the c ment

at o w o n P> BRI T i) oLl BUORS A iR bie TS T at e
with a vi slalindicativaaf arﬂga“zltgrf@dd%l?‘mﬁ@dhedﬁqu% soffvpiedhesytea Belyd%ce. Preferably
the systemis configured to performwitten gesture recognition on at |east
some of the noASRERHE P58 "hitfe written gesture may include a selection
gesture. Preferably, the s n_gesture jncludes

under|ining at Ieastrecgﬁ’ﬁsem(ﬁ?a Aa?a a}ng SY RS data%ofnasens §rd'%?‘|ycceuﬁl la!c‘gg? eferred
form of ealkt iwticativhef adpant fld mh@g@@e@mmraome@queofr@}emdee Hldﬁgéfe printed

onto a Suroff A% Eenteht o‘f Bl@ sef ngeolt:e éla@&e% fhe @erpfﬁ‘pé%ﬁsmgtdgﬁcet "k pﬁ@éd%ﬁer@tﬁélf" gur ed
to be read by a sensuéfg‘1 device in of an O%tl cal

sensing strptrs fo %‘Ba“(’%é’g@ddaﬁ“é‘erﬁ‘iméft@r aing data ﬁfséchatLFé’?t aﬁ%{&]"f’ FRSg K585 absor bs
near i nfr ab@eofltiegbded Bad antl SubsaHnsityamivitalebugly igeneiatrighlieandvemeat dawman vi ewer under
normal lighting conditions. Wien a user brings a sensing end of the stylus
close to the surfacedentive fom thjndicatiig defaghe drangre faldeand maged, interpreted and

decoded to provide an indication of the |dent|tg/ of the region from
operates the computer software at least partially based on reliance on the movement

data and instructions associated with the drawing field.
Preferably the system includes a printer.
Preferably the printer prints the form and coded data substantially simultaneously.

Preferably, the computer system is configured to associate the movement data with the

drawing field.

Preferably, the drawing field is associated with a visible drawing zone defined on the

interface surface.

Preferably the system is configured to perform written gesture recognition on at least some

of the movement data. The written gesture may include a selection gesture.

Preferably, the selection gesture includes circumscribing or underlining at least some of the

information.

In a particularly preferred form of each of the aspects, the coded data takes the form of tags
printed onto a surface in the form of a piece of paper, the tags being configured to be read by a
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whi ch the tag was i maged. The novenent data can be generated in any of a
nunber of ways. In one form the coded data includes information

i ndi cative of positions of points within the region, and the novenent data
is based on coded data sensed by the sensing device as it is noved
relative to the surface. Alternatively, the novenent data can be generated
in.ways not related to the coded data, such as by use of acceleroneters

wi thin the sensing device or by physical rollerballs or wheels associ ated
with the sensing device. Further aspects of the invention will becone
apparent fromreading the follow ng detailed description of preferred and
ot her enbodi nents of the invention. BRI F EESCRI PTI g\l g: DtR(ﬁ NGSmEr eferred
and ot her BRWBdEHeE de drmfan JPHAL ST HERY B @ G RBRY S Wy of
non- | m tihagbwangat Bfraed ght bt Isblblétﬁﬁtlelllyeﬂﬁsﬂnléto athiveanavieenpadn pormgl lightared ngs, i n
e b o, R SSSIRE hehe hPor Rl Bl GOSN e RELULER AuBRTPE D 1 1
net page an® P EES oA HE page” desc I on; |gure is a schematic view of a
i nt er act i ongsret imeesd, istermretep arfledegnded toa?rqvéP paigdicasen pftteeridentity 98 thp Fgiem fae
server, angya AelPAYen2RP! i cation server; Figure 3 illustrates a collection
of netpage servers and printers int erconnected via a network; Figure 4 is a
schemati c vi ew Ofhe@ndvéngthit daf\ea beSgEﬁebKﬁédUﬁ gnyof a unéri o veyd. HEhPRES tarodeddt s
onl i ne pag scr tion; Ian vi.ew sho re of a
net page t a ‘l“—‘i a‘(’é‘”};ﬁmﬁ‘g’ FQ/(’S%“’“SOE% TR {A iéoﬁgl[sﬁgmgve%%%ta%seﬁ a set
of the taglsasesilmomied dntal%erguirbe?tlﬁsaxardg device & iths m9\fed welative tofhe &lfﬁ@t pligeatisdnsi ng

device in ghe, Leg\{ c@n'ﬂ@tg%gﬁdﬁx?% stoglr@ia@ed7to g% @dédl QWCHAR bs 6f u@ drag i mage
processi ng and deco lgorithm Figure 8 is. a “@‘F ctive YLew of a

net page pe#?ceéﬁ*i‘d“ei‘efssw%{%@% PeRting) dqvige) o B\ BivRigp! f“i’“é’lbﬂlsd’fr S?f’B‘ﬁt@ wilkfhSure 9 is
a per spectdendhe@sdeoded vi ew of the netpage pen shown in Figure 8; NPX026-SG
5 Figure 10 is a schematic block diagramof a pen controller for the

net page pen showrurther afpeguefals ideativd wilDbecqmnegpppagent ffont radingdleny fiolfipavingidotaled ew of a

wal |- mount ad. peLRAYG R LRI Alc: ook difhdiSefioaect ion through the | ength of
t he net pageprinter or Fi gure 11; Figure 12a is an enlarged portion of

Figure 12 show ng a secti oprAfr pEdeRIPPIONGEDRAWIRGENGI nes and gl ue wheel
assenbly; Figure 13 is a detailed view of the ink cartridge, ink, air and
gl ue paths, and pefeddd ad\ghdd @mbddfmenta@f 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 the relationship between a sample printed netpage and its online page

description;

Figure 2 is a schematic view of a interaction between a netpage pen, a netpage printer, a netpage page

server, and a netpage application server;
Figure 3 illustrates a collection of netpage servers and printers interconnected via a network;

Figure 4 is a schematic view of a high-level structure of a printed netpage and its online page

description;
Figure 5 is a plan view showing a structure of a netpage tag;

Figure 6 is a plan view showing a relationship between a set of the tags shown in Figure 5 and a field

of view of a netpage sensing device in the form of a netpage pen;
Figure 7 is a flowchart of a tag image processing and decoding algorithm;
Figure 8 is a perspective view of a netpage pen and its associated tag-sensing field-of-view cone;

Figure 9 is a perspective exploded view of the netpage pen shown in Figure 8;
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net page printer of Figures 11 and 12; Figure 14 is a schematic bl ock
diagram of a printer controller for the netpage printer shown in Figures

11 and 12; Figure 15 is a schematic bl ock di agram of dupl exed print engine
controllers and Menj et TM printheads associated with the printer controller
shown in Figure 14; Figure 16 is a schematic bl ock diagram of the print
engi ne controller showmn in Figures 14 and 15; Figure 17 is a perspective
view of a single MenmjetTM printing el epgent, as used in, for exanple, the
net page printer of Figures 10 to 12; Figure 18 is a perspective view of a
smal|l part of an array of MemjetTM printing el enents; Figure 19 is a series

of perspective views illustrating.the o aLi cle qof the. Meni et.m
printing EEEHEhE 2 SHIMRHC lildﬂctkléfaérﬁ?lgfal@f‘ °‘I‘3’$§E’F é)r @gnel S erbsglrg Vé'rblélgfglll r\?SreTa Pew of a
short segment of a pagewi dth MenjetTM printhead; Figure 21 is a schematic
view of a user class diagram Figure 22 is a schematic view of a printer

cl ass di agFiawy 11 iFi puspectiBvidwsof g walb theynied ingtpage migtesf a pen cl ass di agram
Figure 24 is a schematic view of an application class diagram Figure 25 is
a schemat i Bigwt Eis afectipn dhseughibp longiihef thsagfeeeersiater 965ie6A el ass di agram  Figure
26 is a schematic view of a_docunent and.page owner shi | ass_di agr.am

Fi gure 27 Paursl2adhanspferegd gorich EF lgéretléglfﬁwﬁgla%ﬁﬁ“%&ﬁ%e 48! %ggﬁfnﬂe%%dd ass

di agram  figuted ad8mblg a schematic view of a static el enent specialization
class diagram Figure 29 is a schematic view of a hyperlink el enment class
di agram FFigue @3 80 degilal Gohefithd ink cariridge. ok, air g sbie [phthi aus] reivpepgines of the

speci al i zafd.on. ¢,ASFrill@0N1aM3 12, Fi gure 31 is a schematic view of a
hyper|i nked 'group class diagram Figure 32 is a schematic view of a form

cl ass di agrigm 14 iFh SuEnRtiSRodkiadras GhEFRRker ConttblRVoOthe @tpdierihtad showkin Bibaes

di agram NPX026-SG 6 Figure 34 is a schematic view of a field el enent
speci al i zatiBh1Zl ass di agram Figure 35 is a schematic view of a checkbox
field class _diagra Fi. 6| tf GV ™l cl ass

i agram - ErGuEe B pmiiHiR bt R EHR b i o Mo e 20
Fi gure 38 #sspcigted ishniberinter ephtrelier shoypnip Fisitedtssi ng al gorithm Figure 38a is a
detailed fl owchart of one step of the flowchart o Fglg}éj.re §§ dllgi gure 39 is
a schenat i Eeurs K pichepafichieck diagrgm pf e RrRE g e 1B R S D e L B e P4y

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

netpage printer of Figures 10 to 12;

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

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

Figure 20 is a perspective view of a short segment of a pagewidth Memjet™ printhead;

Figure 21 is a schematic view of a user class diagram;

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

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

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

Figure 25 is a schematic view of a document and page description class diagram;
Figure 26 is a schematic view of a document and page ownership class diagram;
Figure 27 is a schematic view of a terminal element specialization class diagram;
Figure 28 is a schematic view of a static element specialization class diagram;
Figure 29 is a schematic view of a hyperlink element class diagram;

Figure 30 is a schematic view of a hyperlink element specialization class diagram;
Figure 31 is a schematic view of a hyperlinked group class diagram;

Figure 32 is a schematic view of a form class diagram;

Figure 33 is a schematic view of a digital ink class diagram;
NPX026-SG



Figure 40 is a schematic view of a resource descri ption 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 subm ssion pr ot ocol; and Figure 47 is a schematic
vi ew of a comm ssion paynent protocol. "DETAI LED DESCRI PTI ON OF PREFERRED
AND OTHER EMBODI MENTS Note: Memjetmis a trade mark of Silverbrook

Research Pty Ltd, Australia. referred emhodi nent, the invention is
conf i gur ed® ‘%‘e%‘ﬁR“&f"ﬁ“ﬁcY‘ﬁ‘é"fr?etj’cg’rﬁléggm'f)F@f%?tfeéﬁla%gﬁﬁrﬁ’f”er system a detail ed
overvi ew ohgmmssiaafsahéxhammewbﬁacMoklioxlﬁeldalpqsrdmgmrat ed that not every

| ol ement abl gn i b LlSGeSRRL ok ATPARY afld, 07 even most of the speci fi c

details an ensi ons | scusse n'relation to the basic system
However , tﬁléurs§1751§emhrtfgatlelé@‘wfiatﬂgaa“ifﬁﬁ?l‘i‘éasﬁ@ﬁfanborrpl ete formto reduce the

need for exbREt Bk 2 HOFBRIEHCLIYR BacAdi [ggﬁﬁua;g to under stand the context in
which the _preferred ﬁnbodr rrentts an é ff@f pr esent invention

operate. |Feyr P& ads wehprig %F%?pe‘rf ’ net page system enpl oys
a corrputerFlgmﬁgifsaaﬁemahavxexhefafp@gemmércamim@piadensmsﬁa@qm;t hat is, a physical

surf ace Whiell 1L Bh0RL BLEANGER! R RDuluglllf, SUTface mmintained in a

conputer sy erences ca ueried by an appropriate
sensi ng deligee4l lmﬁé?miﬂﬁ‘g‘e%?f@rfa‘@h@ lishydast ‘ili‘géam mpl ement ati on, the map

r ef erencesgj y4p@a§;ﬁ&@Q@qewwasﬁsQ,L}MwmasgJiagraﬁi bly, and defi ned in such a way

that a |l ocg n the ped surf an unanbi guous nap
reference B‘S‘Fﬁklwyffg‘ﬁmf‘ﬁge“g%%s&ﬁﬁ‘p& ﬁ H%f(ft% I(S=,=nt maps. The conputer system
can cont aFipure #f io# schémadeviahofiathydedmk test css didgemmapped surface, and such

i nformati Oié}g&é‘%hl?QﬁB&&amﬁ%@&ah%ﬁﬁiﬁaé? {IRPoh&N,ET ences supplied by a sensing

devi ce use mapped surf ace e information thus retrieved can
take the fB‘E‘ﬁ?‘(‘:ﬁlsaﬂq%ﬁ%“%?fé‘ﬁoﬁrs@"ﬁlﬁot‘Prﬁi"%‘ﬂfaB‘i/ the conputer system on
behal f of F@ee4ﬂp££caénﬁhcvlébvdsfa&mﬁissimtp@yrﬁeh@r&@er ator's interaction with the

surface featur ies on the
producti on of %ﬂ%h%ﬁ@%@&%@glfkﬁ%gégc ﬂ?ﬁfﬁﬁ% ?\Wga'g?s These are
pages of t¥ot: Megieafhs ces:damak pmg@@oqdrﬂemaehlPUhtdoA@w#ary paper, but which

work 1ike interag) 6 AR RABEEment, r}fl@rnnarublprg eoﬁﬁgpéao@%pmt@%hm e using
ink which is substantially invisible to the unal ded _human e e ink,

however, aRféorityd capptcr pasteio deeilgd prprviqragf Whish fallows o WH by ar?"%‘b%/ 7t I“§'/t i magi ng
pen and tr&aghhpléedtaticd il @ectedriba@d oSy sitod Ben kndst bhitde gledifiederafidant extensiomct | ve

buttons an(g h%cpdebr fowrllnkr%latcl)orxll toe %g Dasx@ gﬂ%m%&‘we@& tﬁe! slyscféx? Q dé@cx&b@d Smt%t?most complete
form to reduce the need for external reference when attempting to understand the context in which the
preferred embodiments and aspects of the present invention operate.

In brief summary, the preferred form of the netpage system employs a computer interface
in the form of a mapped surface, that is, a physical surface which contains references to a map of the
surface maintained in a computer system. The map references can be queried by an appropriate
sensing device. Depending upon the specific implementation, the map references may be encoded
visibly or invisibly, and defined in such a way that a local query on the mapped surface yields an
unambiguous map reference both within the map and among different maps. The computer system can
‘contain information about features on the mapped surface, and such information can be retrieved
based on map references supplied by a sensing device used with the mapped surface. The information
thus retrieved can take the form of actions which are initiated by the computer system on behalf of the
operator in response to the operator’s interaction with the surface features.

In its preferred form, the netpage system relies on the production of, and human
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pen to request information fromthe network or to signal preferences to a
network server. In one enbodinent, text witten by hand on a netpage is
automatically recogni zed and converted to conmputer text in the netpage
system allowing fornms to be filled in. In other enbodi ments, signatures
recorded on a netpage are automatically verified, allow ng e-conmerce
transactions to be securely authorized. As illustrated in Figure 1, a
printed netpage | can represent a inter7acti ve formwhich can be filled in
by the user both physically, on the printed page, and "electronically", via
communi cati on between the pen and t he net page system The exarrpl e shows a
"Request" form containi n address fi.el ds and. a S tron. The
net page coferaste p “@'P%ﬁ esﬁ%{?%f‘g? BbEr &R glcﬁ?ﬁdﬁﬁag?/spgfl tﬁcfoenolr rﬁarypa%er ‘coded
data 3 pri whigdwai like Gﬁk‘a{c%t\vdbrpagﬁ‘s Infogsatidn issinerged onv¢ash bdge ubimink Thish is

cor r esponay %& Pﬁgemvis%?e G &%el%{]&’eﬁ hman egé’rﬁ?mmom@r %Wé&@a@%&dé@ﬁiia gescribes
the individual efenents particular it describes the
type and smlisedbyelxplémllmz@n’é)xwdE%W“quf?é\eaﬂag‘?/sém@enent (i.e. text field

or button in the, 8XaRRK&)fornl, Getidd i)\@t‘ﬂhstalﬂ@h)@@llﬂ@gﬂea‘éyﬁz{ge eantb@ cm&r\acltﬂhey
interpret input via the ne%g %5 qﬁ subm y é " rrq S has a
zone 7 whi&H t%é"rq}“’é’s'ﬂftﬁ’ﬁ’ﬁf’é“"t P SRR Yl SRPERE ef?flcef e neé%of C§V pondirig
graphi c 8. edidikdt16d weited dy hand ba guetpegeds adneticatit pagezedemnt cb@kiteddo prpfter r ed
form of whj Ch {hgn a? S st!em a]lE %tgbéaﬂgd% Meg%ﬁﬁngﬁg sﬁgﬁﬂﬁ@l}é%ord&it ai

bel ow, wor SR ED C|on printer
| nt er net - cerrnsperasdrepripmaticaly Vafgﬂﬁﬂ,laa‘?m@ *@F’mn'ﬁ?r‘éansaﬁwlf@ée ‘E?F“fﬂiﬁﬁiﬂPézedse The

pﬁn is wireless a@filustia@mm%& taqanﬁt%@wt&kal w&@a&&ea m&tapt}ageorﬁgﬁh?he@ via a
short-range radiq |in rinter erred fo

which is s'P‘Fof\“/Ur"lgi“r?ylg?ed‘ﬁ‘?’ g%th WS‘fagly’l‘g‘%%rP te%l%*’@%ramg %btmm crrﬁfe e detart“vé ow is
abl e t 0 debeweed the p@randdie edpaky/system.Ofhe eempledhowpe Flsqqnat”lfmommmpalpmds
naga2| nes, dﬁx%gseﬂeglg §nd abs[n%hﬁ{fttgé ]‘?19 geg%%@%sx@sl‘mlg&aﬁﬁg B> pm@édlusd?g bxﬂﬁl@ﬁlk,at hi gh

quality as interactive netpages. ke a persaonal nputer, the netpage
printer i sadrrodedplaeaeratedise é‘hco&!%’ﬁmb@f tagsot “Sl@x‘aﬂij‘l”% “kw%l’llq CORGWARIEG PagS, acent
to- an areagdipti®d 4, Breloh M ﬂﬁtpige\&ﬁtwoﬁc, fdsérbbs GO RSHIRA clefti@ofalte detpage. Inuser '

kitchen, near a bre r_near th ause oI eparture
oL CTen ol PEESELIRT kAR Sy P B N HONBRAL efPLL Al hopr |
versi ons. hNevpagesxpplatie diost th irtriage pyeemto C@fr%élow@mmmvm@qum Thse

ease- of - uss%brglft bRARES, 200 E)gmwaehasti Blel N Qh%h AHeshdAEL tARe | Yhtlal ednt B the
interactive medium As shown in Figure 2, the netpage pen 101 interacts

with the cogegodgeg2i¢® printed netpage 1 and communicates, via a
short-range radi @s liliusthate8 in Figdre RNthe hawipt Pen 100, Bpreferdqdefoe qurvi'hn:hes'f shoWih@

NPX026- 56 eurBislad Elnd 30LaRE %L 50ttt 7 RSl i0Lbufufecll ol ﬂeﬁ,xge%ﬁ@reaopage page

server I'n erpre a |on appropriate circunstances e page
server s ermislnfame,f@pnne@qymﬁmmgg@mgea@e hquge, affipt preaebile Hsecméfr wirdest ifar e
Funni ng ony,A-RRtRaeeuapRld GakdRE BV as a ddr-radRQadPRiiocat i on server may in
turn send a
The netpage printer 601, a preferred form of which is shown in Figures 11 to 13 and
described in more detail below, is able to deliver, periodically or on demand, personalized
newspapers, magazines, catalogs, brochures and other publications, all printed at high quality as
interactive netpages. Unlike a personal computer, the netpage printer is an appliance which can be, for
example, wall-mounted adjacent to an area where the morning news is first consumed, such as in a
user’s kitchen, near a breakfast table, or near the household’s point of departure for the day. It also
comes in tabletop, desktop, portable and miniature versions.
Netpages printed at their point of consumption combine the ease-of-use of paper with the
timeliness and interactivity of an interactive medium.

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

netpage 1 and communicates, via a short-range radio link 9, the interaction to a netpage printer. The
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response which is printed on the originating printer. The netpage systemis
made consi derably nore convenient in the preferred enbodi nent by being
used in conjunction with high-speed m croel ectromechani cal system ( MEVS)
based inkjet (MenjetTM printers. In the preferred formof this

technol ogy, relatively high-speed and high-quality printing is nade nore
af fordable to consuners. In its preferred form a netpage publication has
the physical characteristics of a tragitional newsnagazi ne, such as a set
of letter-size glossy pages printed in full color on both sides, bound
toget her for easy navigation and confortable handling. The netpage printer
exploits the grow n availabjlitﬁﬁof br oadband Internltfac?es§m. | e
servi ce i sPHFRIOPLSTES {5 BEreRigh hGSERBI USRS PIRE SEINT"t B SIBT R And cabl e
nodem ser Vippephidtd @fcintiancel ribayhpastvet sthdsra@trespodddg smessagedd ppphaiioraseapitabl e t o
20% of thesg. The netpa rin . l.50 i |
connection?%w%ﬁ{mﬁf%ﬁgf%§3§¥zﬁgﬁﬁyg%gmgH%égﬁgﬁ%ﬁ%§ﬁ5¥h%gggéggﬁgf??;.

| ndeed, t hesnaese prhigleis prinfesitop the enginaiee wmigbl ed usi ng exi sting consuner inkj et
and | aser printef§e ndlab QUGN istdiRe SHSIEPPWhbrt conPRRAETh EhePRIFRreS brdtkiyhednd W | |
therefore be | ess acceptable froma consuner's point Of@%#&%%%%P. t her

enbodi ment ¥, befg gsedd gpapyretay wituhigt-weed Jueragecpmeshnict ySteE W ostill
ot her enmbo@iempiFMp printdie In theeirgfagpd faynsif e tbahndiaes ;| relatively high-spepddnd highumlityer or
comput er - SRAR! L AEVELr RN (FSn@uBl! NS hrorcE B B bALIBIRS HevEr S 14
on the netPage nefwork are con |gure5 to deliver Frln.- quality

publ i cat i orhysi¢abeharagteistins ofw traditienabnewmpsepaingi wel asg st o} letigr-Pigsrosyyipageg Bfsder ed
aut omat i cal, Mt bBr onPRSRALS RukttoRBEDB0RsyHAVigHiS] hd VdndorRBle BindiBt | Ng and

mul ti casting Internet protocols, ersqnall% & (QFbl&éﬁEﬂpnﬁagkg(&%ktered
and formatted acddiPA% A78SF FAPH f’“’lﬁ%%vﬁ‘% B G PRAR AT PAGE pri it er can
be confi gusesite tivavsilsple 0 B5% nfy/hansehdidy in olfe Prétad Statasy endacaple modamsenageloffeyigt h any
number of DELRAG Fudict RLRL B airdally KABLRIGIRL bAfsd. TR RIFER! Folclin (805 RC! PAGE

pen has a unique i1dentifier. ousehol d may have ‘a col ] ection of col ored
net page pevith sloyiseconnseetiogh by vith lesges Heliverrijmes ang fowerjmage gHalit Indepdl; the neippgsys each
user to WBJy&lénlﬁi!cﬁ R ibklivhied eldtid tdnSumbt mje«mp@atprall@rs,aaém@tgpa@ey@mbmc at |h on
server or application server. net page pen.can al so be .regi st with a
net page réﬁgg?Pﬁﬁso b?@ﬁ?@ﬁkfimﬁﬁﬁhgin%@%ﬁfgmn8ﬁ%m%?ﬂs ?%°pgjﬁ§%§g%ard
account s. ehfbbdimertd, Gwseipage GpsreT ©opaleren pvategntyectslactill ethyr abedigediz & usi ng
the net pa%tpg%@ystemghogtg& HBAGole Edhptlel GlcbBfhite? Sha¥RE dFREBRE 85 ;;ri_h@r. Sl gnature
captured by the netpage pen with a previousl regls%%red si gnat ur e,
allowing it to aberrenprilistien saers e e pepaps pefiprk e Sophgured g fHEFTR ™ Ser ver .
Qt her bi ongblity GablikAdnatoSfetfage pdds. t Rerivdidal fpyblicatienst aré \delivéred enomaivallyf tot he

net page pesrllbscriibr1]1§:g| bz fr'er?se LRI iori]nttc Stcanarrlcii rhgﬂticgs?l}éi Hte%gtl R)to%o@.i Irgrgoga'i' A2y by

t he net page Tt egistTati 8 server. ﬁﬁgﬁough a negﬁage pflnter may deliver

peri odi calmblraihs asfiltched apfomiatieg aprewisapedividial WeprotileyPX026- SG 9 user

intervention, it AGaB.b8imQNhd SlcREhuREVElupd MR hinbeI of YBS Okl & pbredin jwoirk mai | .
t

In its preferred form ) . . .
with any number of netpage printers. In the preferred implementation, each netpage pen has a unique

identifier. A household may have a collection of colored netpage pens, one assigned to each member
of the family. This allows each user to maintain a distinct profile with respect to a netpage publication
server or application server.

A netpage pen can also be registered with a netpage registration server 11 and linked to
one or more payment card accounts. This allows e-commerce payments to be securely authorized
using the netpage pen. The netpage registration server compares the signature captured by the netpage
pen with a previously registered signature, allowing it to authenticate the user’s identity to an e-
commerce server. Other biometrics can also be used to verify identity. A version of the netpage pen
includes fingerprint scanning, verified in a similar way by the netpage registration server.

Although a netpage printer may deliver periodicals such as the morning newspaper without
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only delivers periodicals fromsubscribed or otherw se authorized sources.
In this respect, the netpage printer is unlike a fax machine or e-nai
account which is visible to any junk rmailer who knows the tel ephone nunber
or email address. | NETPAGE SYSTEM ARCHI TECTURE Each obj ect nodel in the
systemis described using a Unified Mdeling Language (UML) cl ass di agram
A cl ass diagram consists of a set of object classes connected by

rel ati onshi ps, and two kinds of relatbonships are of interest here:

associ ations and generalizations. An asSsociation represents sone kind of
rel ationshi p between objects, i.e. between instances of classes.

generalization relates act asse and can.be understo the

Pol bon ng tisyme iy, Gran & et ngine diivdonehdee b 8E B R o 2rbBre o ¢ ha
cl ass, andoniy &bershetiglicals frem eubsdribaiatr bherwet authosiged sdrces. irethis Bspest, tisw wphge a
subset of A Theld DGte. il HRRAfhe & SHARML RAdE o TRARIe N9 -
i.e. cl assﬁgﬁé?teoi1 C aslyg%xgga% ﬁe%asg&% (T%awn as a%ct anglg e |abelled with
t he name o‘FleEf}‘?@It‘;‘F‘h@gfe“}atla@,‘b?ﬁ% ains a list of the attributes of the class,

separated §rom t NereacEBYSI¥mARDRTecEoRE al [ ine, and a list of the oper ations

of the class, ted fromthe attribute lis zont a In
the cl ass diagr aﬁg%\ﬁﬁe‘% I‘f‘ofi%ll’?n%wyswnf‘ul?\ﬂﬁi?'él?ed %ar‘g‘t‘?%iﬁ\godgi L F(L%]ldel | ed.

An associ adldsodiagran. dr dasndi@sanecohsistef p et 0f dbfpet dusseetongsied by elptidngira) alng/tvdoabel | ed

at either I&Qﬂ oWe&honle&%rerw kn‘e're{s) l'Ll%l i?ocgilogg Qﬁ g@x?e?a%%n xglpanoIQ&)nq t‘e?éll

mul tiplicity is one. "An asteri | cates icit
i.e. zero Wme gt ef relaipashingetisen %ﬁ’ﬂqcﬁrl e betwspn ’iﬂﬁﬁla?SWClPséﬁﬁe’f B*é‘ﬁfa%?‘ﬂq‘f r‘?l‘tt%s narre

and is al ama&mgepraad da) bl akeislostinake fen&“h;%rwa@ﬂdawaishs thii@htro® hethOfet bl

correspond C An .open_ di armn indi an, aggr egat, on_.as OCI ation
(1 S o il S B ers R 2B s WoRE et Sy, R SRR R A B o O
line. A gelﬂ’MLa¢es 2@ tirtly suposttsecomisdrdgp mpddllmg al'e classesdfdams as a solid line

joining two clasggg clayylwama%cagg% @seﬂeém theHatl Of has@ REBnehibd ARBE) at
t he generalization end. \We ass diagramis broken up into multiple

di agr ans, %ﬁmwea%thwiﬁseﬁenasatea G‘B‘Pﬂ‘faﬁ%ﬁby adhorizonigldipeagpd hlish ofhecomerafiontf| i ne in
all but thﬁb ﬂm rae;dja&g lﬁaﬂlwwtﬁhudmi by € Borizbntal lline. i16 ths RRWHiaghaink whikR follbi)t s
only vvherqloW el ra%ns en erm ei\lléTPAGES Net pages are the foundation on which
a net page Hetwo °‘f<e gsgSnpye ™K by ovi de a paper- based user interface to
publ i shed infor nawsmwraamds dtnwreasaém jeiaing eyoslasees, optinallytighellsd atceishes prsitvdthof g

printed pagem(mpicR} BE e ShibRER. TROIZM: dnﬂtYﬂh@l'tyb syonE a&gegenm ) indi@fernences to
an online description of the page. The qnline eSCI‘ItBtI on is

mai nt ai ned““ﬂfé’}‘gfyﬁ Y y e BYO o EE: E&‘é’é‘“ﬁ‘éﬁ‘@n §é’P\f’é‘ ly laprited 3t s HEE&EP St i on
descri bes atsheptiingliytibtelldday eltier anidwitohé @i ofohe tdrespoadie, class. el dpeli digmdneXxt
gr aphi cs %%gxg%g%'(jcglatgona4s§ogiatgo%s&{s—lpg’?-§f’)t, di Iisngrg&m %l ﬁlgeagéégagp eLch &t Ba9¢e,

i ncl udi ng
association line.

A generalization relationship (“is-a”) is drawn as a solid line joining two classes, with an
arrow (in the form of an open triangle) at the generalization end.

When a class diagram is broken up into multiple diagrams, any class which is duplicated is
shown with a dashed outline in all but the main diagram which defines it. It is shown with attributes
only where it is defined.

1.1 NETPAGES

Netpages are the foundation on which a netpage network is built. They provide a paper-
based user interface to published information and interactive services.

A netpage consists of a printed page (or other surface region) invisibly tagged with
references to an online description of the page. The online page description is maintained persistently
by a netpage page server. The page description describes the visible layout and content of the page,

including text, graphics and images. It also describes the input elements on the page, including
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10 buttons, hyperlinks, and input fields. A netpage allows markings nade
with a netpage pen on its surface to be sinultaneously captured and
processed by the netpage system Miltiple netpages can share the sane page
description. However, to allow input through otherw se identical pages to
be di stingui shed, each netpage is assigned a uni que page identifier. This
page | D has sufficient precision to distinguish between a very |arge number
of net pages. Each reference to the pagg, description is encoded in a printed
tag. The tag identifies the wunique page on which it appears, and thereby
indirectly identifies the page description. The tag also identifies its

own position onth Ch eristi sof thet s.are described in nore
detai | bel BiiPrsTaYg "ﬂ‘?ea%gﬂpﬁttfge&dal%nftﬁ‘fgfé‘ TE- T v %3’1&? ARCRE® BV "sUbst rat e
which is I:ﬁlfﬂicamﬁd-sihmfté:namtlyV@mredsmlziﬂocai’seddxymemap%gepa‘plel‘ Near -i nfrared

wavel engths are hvﬂ&’dgﬁ'n%egv\% c%ﬂtsrtl‘?e HUGRD fgléﬁes@xlxgtmx?r}ﬁaw%ﬁ ld Mlo§%ﬁ'ﬁ@tﬂmu§ﬂy a

solid-state i mage sen an appropriate fi IS sensed by an
ar ea i nmageothsewiscodentigal pages t b dstigerishedn cack papaghie a%la@eddalfnauq Pé:‘g@c idepfilisri thised " to
the net paggy, §l‘bsliaﬁﬁffirélleﬁ p;eb@om@ars@rﬁgmsmmg@ve@rmgs@fnberzh@etﬂa@a is wir El ess and
communi cates with the netpage printer via a.s ort-rang Tags
are sufficient|yEafarfronsn iy tgee?ﬁgiie?"“ﬁ?‘?ndﬁ@’lfﬁffiﬂh? prinfd tag g]ﬁt??alﬁenfnléslr&‘abl y

i mge at |e#pé pgoen thich iewPearo Andathesdby ddiecdy idekifienthd brge @agwonl Thei tag dlsgpor t ant
that the pﬁenﬂﬁes?t%ﬁergoglgon OQ%CB?%eCﬂant%QCSQFﬁé &ﬁsodpe RELrifAE Morls H'Jtaglrb@ﬁ&l on with

the page, Since Interactio Statel ess. lags are error-correctably
encoded to nmake Thesmepaped il infardobwormii ink gn gy phstrate FhiTh auirarducleaitvpage page

server nai s Gﬁm&y'ﬂ@eﬂﬂ@mﬂﬁgﬁd bv%teﬁg"ﬂlﬁ@reflﬂﬁsﬁﬁﬁ e plinhad eRbuled qasig8ensedal | owi ng
it to mai ntaln distinct set of userdﬁﬁpplled val ues for input fields in
e

t he page dl@?c???d;ffafedﬁagfé‘?‘mr@’ﬁ%?f‘%??’?ﬂa@ t page. The rel ationship between
the page descri phitgris sehsaébyamgeraiimagt snoe n terdiptde@ep pidthetel Gitipeaganittads  shown

in Figure égaltegagpggﬁmlvﬂ%ﬁe%&sa he%pagépm@ 4 E5ka ¥ mleps%@ iR RALRAE RcPT | gt er

whi ch print I known e user 0 requested it.
NETPAGE TARBagePrigter]Viapagoregs refintinknTag pre é}lfgfr“‘élfl%?fﬁ‘aé&“? ‘é?f‘?ﬂy aganer hajde
i dentifi espeh b ré188)Y Qﬁhgé 1 186kioBdkag &veﬁ&ﬂﬁﬂfg& chaml mehﬁgel Dﬁsafnp@lantmfat thé peat tag

W thin the rgrg{ IH? Rage I@ péﬁtablnso% e(\:zgnt ?rﬁctxon ngg the n%ﬁe, s¥n§e! %E Ei\ntérgclu&bﬁ regl on

as a whol €8 or gnal a
tag sensi m@te@wrmmwwmd@yéwe@bmke ﬁlmpaéfaiﬂly w@raaftoalfﬁa?frﬁem%en assom at ed

with the inmedi aﬁ"fe etsé}eertnﬁgltaxﬂgﬁattk}ﬁ)dﬁg pgélein%aesfopgeac@l%@@netﬂiéw ng to
refer to a descri tlono t he regi on. A netpage exa

|1 i it Slping foprapin isdsp . PSRRI oo T b PRt EAe i | |
be nore C|e€<ﬂ1rﬂnyte£ﬂéﬁia@l ned below, in a preferred enbodi nent, each tag

gg?tez![ Ini n, an and V\}f‘heyrﬁlgtg)g (Sﬁlgsrl@teévelennthenrﬁ%%r &egg}{ptlén {hﬁ é&gg Iixgtam ! a?lg' the bﬁlﬁe& Ag{pgéeal

is shown in Figure 4. The page instance is associated w1th 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 identifies the region in which it appears, and the location of
that tag within the region. A tag may also contain flags which relate to the region as a whole or to the
tag. One or more flag bits may, for example, signal a tag sensing device to provide feedback
indicative of a function associated with the immediate area of the tag, without the sensing device
having to refer to a description of the region. A netpage pen may, for example, illuminate an “active
area” LED when in the zone of a hyperlink.

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

easily recognized invariant structure which aids initial detection, and which assists in minimizing the

effect of any warp induced by the surface or by the sensing process. The tags preferably tile the entire
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effect of any warp induced by the surface or by the sensing process. The
tags preferably tile the entire NPX026-SG 11 page, and are sufficiently
smal | and densely arranged that the pen can reliably imge at | east one tag
even on a single click on the page. It is inportant that the pen recognize
the page I D and position on every interaction with the page, since the
interaction is stateless. In a preferred enbodi nent, the region to which a
tag refers coincides with an entire page, and the region ID encoded in the
tag is therefore synonynous with the page I D of the page on which the tag
appears. In other enbodi nents, the region to which a tag refers can be an
arbitrary subregion _of a page or other rface. For. exanpl it can

coi nci de” wPigh phare ffirents smighl a?%‘{eésrelﬁéfrf“\%dstg?tétﬁé’m can i“ilfabq\’/\k‘i‘iqg%a% L% %e region
| D can di r ewhbiya sith@diit gh thdyagd. fiticinpatanibat e @enaadogniZéals regellD afdigpsitit en Fi el d
Precision (bhits) . Regi 1D 1 . gs Total 1120 Each ta

cont ai ns 1%8“3?%?“% &%éﬁk ﬁ%ﬁ?@%ggﬁgv%ﬁ%é$fﬁﬁ%$located'as shown in Tgble 1.
Assumi ng a maxi mine pefgrefembpdinen thegegiqude whish rtperefersepincides FEb #y qutire aggey D
supports a,fsarH Bflontb%feoldd it Be taQ is thddeddhe SRR MBus Ik MR DageUBIYRE pdzE o Wileh Can be
mapped conti nuously w thout |increasing thg?tag I? (prgglsHPn S'%%%X by

usi ng abut £ (7§ 2PRSYT hethes AUPodimsats: tefeeidgn MBick 2 PRETTH2T BF B F8WHE S8 1030 or
a mllionofd pdgt orQuthet surthdei B exatipfef & c@ndintidgvitnge tade bantintereutied slemede it i f i ed.
1.2.2 Tag Dat.a Encoding~The,. 120.hi are redundantly encoded
using a (lg%dg?m é@ﬁ?ggPSﬁﬁﬁﬁ%%3%%&§%?§mkggg?%%é%60 encoded bits consisting
of 6 codewords offallg14Tagdatasynbol s each. The (15, 5) code allows up to 5

synmbol errprs gd&q Pe [COpleEisionpis)’ |codeword, i.e. it is tolerant of a synbol
error rateLof up to | 33% per codeword. Each 4-bit synbol is represented in

a spatiall ﬁe@'@ih@rent 1%y in the tdg, and the synbols of the six codewords
are interlgay®ed spatfi@l Ty wthin tjhe tag. This ensures that a burst error
(an error Lpffeeting—rutiple—spat{ially adjacent bits) damages a m ni num
nunber of E@?fbol s ovrall and a i ni mum number of synbol s in any one
codeword, frétis maxi nu& ng the i1 kdlihood that the burst error can be fully
corrected. -3 f cture The physical representation of the

tag, shown in Figure 5, includes fixed target structures
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! (~10® or a
million trillion trillion) different regions to be uniquely identified.

1.2.2 Tag Data Encoding

The 120 bits of tag data are redundantly encoded using a (15, 5) Reed-Solomon code. This
yields 360 encodedv bits consisting of 6 codewords of 15 4-bit symbols each. The (15, 5) code allows
up to 5 symbol errors to be corrected per codeword, i.e. it is tolerant of a symbol error rate of up to
33% per codeword.

Each 4-bit symbol is represented in a spatially coherent way in the tag, and the symbols of
the six codewords are interleaved spatially within the tag. This ensures that a burst error (an error
affecting multiple spatially adjacent bits) damages a minimum number of symbols overall and a
minimum number of symbols in any one codeword, thus maximising the likelihood that the burst error
can be fully corrected.

1.2.3 Physical Tag Structure

The physical representation of the tag, shown in Figure 5, includes fixed target structures

15, 16, 17 and variable data areas 18. The fixed target structures allow a sensing device such as the

netpage pen to detect the tag and infer its three-dimensional orientation relative to the sensor. The
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15, 16, 17 and variable data areas 18. The fixed target structures allow a
sensi ng device such as the netpage pen to detect the tag and infer its

t hree-di nensi onal orientation relative to the sensor. The NPX026-SG 12
-data areas contain representations of the individual bits of the encoded
tag data. To achi eve proper tag reproduction, the tag is rendered at a
resol ution of 256x256 dots. When printed at 1600 dots per inch this yields
a tag with a dianmeter of about 4 mm Ait this resolution the tag is
designed to be surrounded by a "quiet 4rea” of radius 16 dots. Since the
quiet area is also contributed by adjacent tags, it only adds 16 dots to

- the effective dianeter of the tag. The tag. incl % S Six target structures.
A detecti oﬁt%af%bcoiglnéqp{eéfﬁgt‘%nﬁ%f@é%?%b&% |ﬂte€n"t°g &fffi al |y detect the tag.
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of the Senaelinudils afickfUL oY a1 PadsSo B ENLEl UMbt fl g uni que

orientati on our %)ersp ¢tive targets 17 allow the sensin evi ce to infer
an accurate two- dheves eldes sk jEes geEey et d%t‘fcﬁ‘l‘i‘s‘F‘lSr%aB‘PwsttPFesegséfﬁ %K Rence an
accurate t]hﬁlﬁf}" dueﬁf&ﬁbsthé)ﬁﬁé RO ledsly @dedCbeCdubetinis abthtDRallg finvhriugt dnagecalﬁsehat ive to

t he sensor et structures are re | ve_ their
i munity t%mﬂ‘?)l"%“ée"t‘o%hoé BVARR) IS SO At ?fl;gc |eIrT%%I Ofapeg‘igﬁg‘% Almoq‘ ﬁn

anongst ot dreftatoniaxig 36 allopt ihaadnsitgadpvipaildetgpinecie aaproxlmteglmaapﬂemﬂilcarvéﬁllear grid.
I n conbi natgé 8.? éévlh%g \%gkethe%eﬁs% R oL RG ko sfcéurég ) illr 'K mﬂ@l‘é%ﬁer@u&l lF&h'l ar
of da

ar r angenent ts wt |ntheta opti mal O maximse its slze each
data bit irsrspespveciaigrit &1 2l the sqngipg dyvi ‘dﬁ‘éﬁr ioh 2ech@ter e oR PEFREE§ounded
by t wo radtl'&ifor}d éTQEe a8 and NaceCANE AR thEeeﬂirr[eﬁdenﬂl’po&ﬁ@Sand keamtioneflife tabas a

m ni nrum di nensi op 9o 8 dots at 1600 dpi and is designed so that its base
(its inner™ V(?)“’ eﬁegsoat | east equal to this m ni numdinension. The height
of the wedge in ®BHergeatharestiaredndaptly lirge tafnpagys theis gupnitt t9 09it¢e i ni num

di mensi on. Each ﬁéjdv[eralgﬁé ha 1Mlxlaﬂ Phid LPPRS, %B&%Q ol¥r t&ﬂgsacfpﬁﬁéd wdfpackind wedges.
The 15 4-bit data synbols of each of the six codeword IIoca“gd to the

four concetitaniigesuianhpgrlangrifa cqpahinatiop Wifhdhq ‘i’l‘c‘lll?ftdétte?t‘(%{?‘égd S %Yol s
are al | ocadr@sbembsd: 6f dal b vyith[nl'theahg’ @t To fHxidgsets Sizepenciadagbitds rbmaexttdg»y aThe

Interleavi, n& LS desth%ﬁl%g ofta1(1) area rHec? J&’Q%dl@l\ﬁﬁé@aggtw%g%émc cg&u‘fa!rgr@scﬁachet ween

any two SIRB L St T RE Y ARE L S er to support "single-click"
i nt er act i oweded liaha Mraggb'demlelgvf@rﬂovlahl@o é@ﬁ%dilﬁées’é@éls‘b@at it pase (it WALAKTY devi ce

nust be ablg L0 eqfaBtoMis hiBASh @RS Thd }ﬁlghtaﬂthb Wedgk $n thd @disl dRéctivd iewwiye nmat t er
where in the region or_at what orientation it |sFansn:t|oq%§>gz The reqwred

di anet er Ul ipghepigmym dimension,Fagh +pihdatasEnel [ gerregralef LA, R & Y SFE

function of the $heid 4andats Padble gf eadh of thesik exgewords are allocated to the four concentnc
symbol rings 18a to 18d in interleaved fashion. Symbols are allocated alternately in circular
progression around the tag.

The interleaving is designed to maximise the average spatial distance between any two
symbols of the same codeword. '

In order to support “single-click” interaction with a tagged region via a sensing device, the
sensing device must be able to see at least one entire tag in its field of view no matter where in the
region or at what orientation it is positioned. The required diameter of the field of view of the sensing
device is therefore a function of the size and spacing of the tags.

Assuming a circular tag shape, the minimum diameter of the sensor field of view is
obtained when the tags are tiled on a equilateral triangular grid, as shown in Figure 6.

1.2.4 Tag image Processing and Decoding

The tag image processing and decoding performed by a sensing device such as the netpage
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Assum ng a circul ar tag shape, the m ninum di aneter of the sensor field of
view is obtained when the tags are tiled on a equilateral triangular grid,
as shown in Figure 6. 1.2.4 Tag | mage Processi ng and Decodi ng The tag i nage
processi ng and decodi ng perfornmed by a sensing device such as the netpage
NPX026- SG 13 pen is shown in Figure 7. Wile a captured imge is being
acquired fromthe i mage sensor, the dynamc range of the imge is
~determned (at 20). The center of the range is then chosen as the binary
threshold for the inmage 21. The image i's then threshol ded and segnented
into connected pixel regions (i.e. shapes 23) (at 22). Shapes whi ch are
too small to represent ta target structures are. The &r ze and
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subsequent ating t t. str.u by their
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per specti ve-
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proceeds béém %99'%11 @gxa'gebgvhéd &Qspecctl{;bocﬁdmde& mdhﬁl@%r&&dﬁﬁ}cﬁpéd:}ﬁﬁﬁhﬂnmﬂ'e nts,
and rotation- norrrallzm the resultin its s dorder

moment s areBfisreElafizegratibang Rimomenty QB i §°°8 ‘?r%y mp ’eféngsgaﬁ? 78 1Zel%lo €that one
third ordek edsp rmatogmz& eﬁzﬁqt‘.ltlhdi ﬁaﬂspémvddlsam \w argmﬁctahteTlte\mg p oiahdspect and

make this pOSSI so t ?;)5 possible to
rotation-normal i Z’ee Wﬁetafa%l S§“<tt‘a? gétls ﬁf tﬂ@‘rt tq Pe dodh(gh 28y Matphinggpraceeds by

nor mal i zat ;008 &R Rinke HormlizABs folt@ch PHES %ﬁféﬂté{ endliofti@rdotnafiziteatie febullingt he axi s
target S ax1sS. The axis target's ori

atl rovi.d ul
appr oxi matPERFRGFORCRES Fesepd-ordT o‘f‘%{’[“i“{%ﬁ'eg‘ﬁg“ l%fd eenamav\?eg@ ° %% ggﬁ?&l%g%spect ive
target st ridbid s dider agent 13 @eqhigegtto 41®1nb1eudtedbfaftwe GOSélhlte 013@)“10“@6@!3 &t Theat es  of
their posi ‘h& M deﬁf;e?ate }Q &Q\Védecg ﬁ,ﬁs%feck B&etdﬁ?bésmglgm Addahd: alis d’n@l Ridvshi ps to

the ring and axi s O‘gect and rotatlon of thelr g ahnd t he
rotation dﬁtathveloal)@i@ M&t‘l& H-’F?F@ afier it desgadple dppt vorglieTres 2 ‘ﬁ‘g ce |
nor mal i zatgeg uﬂ‘re%@cﬁtﬁ‘dﬁ A RPEHhS afmm%ettﬁaxm@mxtsh&gdtssmndxmmdﬁpwdmaent S are

normal i zed t ci. rcuI ersgectr tar e59s are easy to recognize, and the

target cld¥ ap‘tr%x“@%‘t(‘f?t dueeto?en is taken as a match. The
ori ginal centroi msefodrpblhectfvewgep‘@p@weclt7latﬂeh€tleﬁt tpebe docpipdlat b FoPREPHF0 be the

pers DECt i V?thgir %Ssﬂfoﬁsgage &Qﬂﬁéﬁ)as?él oﬂ’ﬁw@kn%% Safial Eéflatlkrﬁﬁlwo ﬁieZ@g ind afie@rg@gace, and
an ei ght- thegaspect and rotation of the ring, and the rotation of the axis. Matching proceeds by applying the
ring’s normalizations to each shape’s moments. Once their second-order moments are normalized the
circular perspective targets are easy to recognize, and the target closest to each estimated position is
taken as a match. The original centroids of the four perspective targets are then taken to be the
perspective-distorted corners 31 of a square of known size in tag space, and an eight-degree-of-
freedom perspective transform 33 is inferred (at 32) based on solving the well-understood equations
relating the four tag-space and image-space point pairs (see Heckbert, P., Fundamentals of Texture
Mapping and Image Warping, Masters Thesis, Dept. of EECS, U. of California at Berkeley,
Technical Report No. UCB/CSD 89/516, June 1989, the contents of which are herein incorporated by
cross-reference).

The inferred tag-space to image-space perspective transform is used to project (at 36) each
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freedom perspective transform33 is inferred (at 32) based on solving the
wel | -under st ood equations relating the four tag-space and i nage-space
poi nt pairs (see Heckbert, P., Fundanentals of Texture Mapping and | nmage
War pi ng, Masters Thesis, Dept. of EECS, U. of California at Berkel ey,
Techni cal Report No. UCB/ CSD 89/516, June 1989, the contents of which are
herein incorporated by cross-reference). The inferred tag-space to

i mge- space perspective transformis u§pd to project (at 36) each
NPX026- SG 14 known data bit position in tag space into i nage space where
the real -valued position is used to bilinearly interpolate (at 36) the

four relevant adjacent  pixels in the input revi.ousl onput ed
i mage t hr eSH3P 428 Pit; P§S‘E‘P§‘ela Heo PR r R ABTEH SRR Wgagg'le aPBal ST B P nal bit
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field of view 19 ternative strategy 1 nvolves seeking another tag in
the curr enzuaranfaijéhat Tsaingh fundds Pat Oﬁhf%l ot df & sommete fagdniqt frndrnd; he

region Consu@ée&mg deddBedl An 30 Cheh NBsitidAOS irdcbabd & tﬁe}'lalrﬂbﬁgﬁ'dﬁiet b[vﬂi E&Quafeegl on.

An accurate os|t|0n3 f _the en. n n.the regi
overal | orPRYFEHEi 38 d ? a8 l?‘flﬂé’ﬁ MKl lé)r?? d‘H "(em?t W§Z?5ratefg?' mVOIIV?ls

perspecti vaelhﬂgainaﬁeorague&cummgmged on the tag and the known spati al

rel ati onshi p bet N | Heo tin§@e axis.
17275 Tag Map Decarund B slONR Pk 8 B0fkslcl SRR ue 3 dnf e

t ag-r el at i RAsitipreef thertagisy th regies. dp@ccurar@ositioy 3p pf BepPnnhein #ﬁg"ﬂf"é’l SN E pen
| ocati on caa ob@aut SrRitglon 138 Obf il f2n, a8 ik SMriel €at|30)L fbrh Ge petspdiive ttahdormtzzgged

region, atlonof h h regi,on nu isis
gi ven by aq‘f r?ﬁf}‘ 5”‘%%?1‘%[0 ogp erel? thBI get‘é'%ch tpens%ﬁ%ﬁa’% agggylr egi on
to a corre«aapcﬂhebumg | ocation. The tag map cI ass diagramis shown in Figure
22, as parjo@gf tl?g RabPage printer class diagram A tag map reflects the

schene usedtotllet e surface region with tag d this can ar
according to sur PEO8nE § 8 resyifidh 2 figfopiliy i2g Ry gulF tﬁ%ﬁr P e B e
tiling schagegandnd Be tpadmRive paglobuiti &hiba Grasilke ide ad livylute &natwh swthiglter e t he
same tag n@&bd region, the location of the tag within the region must be known. This is given by a tag map, a
function which maps each tag ID in a tagged region to a corresponding location. The tag map class
diagram is shown in Figure 22, as part of the netpage printer class diagram.

A tag map reflects the scheme used to tile the surface region with tags, and this can vary
according to surface type. When multiple tagged regions share the same tiling scheme and the same
tag numbering scheme, they can also share the same tag map.

The tag map for a region must be retrievable via the region ID. Thus, given a region ID, a
tag ID and a pen transform, the tag map can be retrieved, the tag ID can be translated into an absolute
tag location within the region, and the tag-relative pen location can be added to the tag location to
yield an absolute pen location within the region. |
1.2.6 Tagging Schemes

Two distinct surface coding schemes are of interest, both of which use the tag structure

described earlier in this section. The preferred coding scheme uses “location-indicating” tags as

already discussed. An alternative coding scheme uses object-indicating tags.A
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The tag map for a region nust be retrievable via the region ID. Thus, given
aregion ID a tag ID and a pen transform the tag map can be retrieved,
the tag ID can be translated into an absolute tag location within the
region, and the tag-relative pen |ocation can be added to the tag | ocation
to yield an absolute pen location within the region. 1.2.6 Taggi ng Schenes
Two di stinct surface coding schenes are of interest, both of which use the
tag structure described earlier in th'1§ section. The preferred codi ng
schenme uses "location-indicating"” tags as already discussed. An
alternative coding schene uses object-indicating tags. NPX026-SG 15 A
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sensi ng deVr&® gélﬁ e figfpags, s use NPy deent SLBEALET fan SR PEPEFIPAEY he
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of a docu ?{? gﬂeqesgaggmqggge%gatg&ﬁlg{gngtl,%g%,sghagram is showmn in Figures 25

and 26. age system a cunent” I's described at three levels. At
t he nost ab§tracP°F'éWFé'FANQWEdeéGW5WPNS836 has a hierarchical structure
whose term nal eIAe;;}aa;ea BBRimdhEofas&oGheat £ pidetdiscrition tRstdiahndc tewB®0 such
as text obi:ect S e2>ét styl e objects, inage objects, etc. Once the docunent
is igures 25 and

In the netpage system a document is described at three levels. At the most abstract level
the document 836 has a hierarchical structure whose terminal elements 839 are associated with
content objects 840 such as text objects, text style objects, image objects, etc. Once the document is
printed on a printer with a particular page size and according to a particular user’s scale factor
preference, the document is paginated and otherwise formatted. Formatted terminal elements 835 will
in some cases be associated with content objects which are different from those associated with their
corresponding terminal elements, particularly where the content objects are style-related. Each printed
instance of a document and page is also described separately, to allow input captured through a
particular page instance 830 to be recorded separately from input captured through other instances of
the same page description.

The presence of the most abstract document description on the page server allows a user to
request a copy of a document without being forced to accept the source document’s specific format.

- The user may be requesting a copy through a printer with a different page size, for example.
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printed on a printer with a particul ar page size and according to a
particul ar user's scale factor preference, the docunent is paginated and
otherwi se formatted. Formatted term nal elenents 835 will in sone cases be
associated wth content objects which are different fromthose associ ated
with their corresponding term nal elenents, particularly where the content
objects are style-related. Each printed instance of a docunent and page is
al so described separately, to allow i ng(ijt captured through a particular
page i nstance 830 to be recorded separately frominput captured through
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el ement  85%yieddex@biFdRE58, aelnﬁageaemenB@@ vwmamaswalaasmgd diinesl 866, aplaptdc dpjestict 857,

a video cl ement .8 an sSQC d Vi an
audi o cli é§I“«’é FSSgEw vﬁ’“’tp coweﬁggf)m aeoa i egteé% %Jbtho asg&ia%g%‘dgégm

script el eﬁmnlt 858, an audio clip element 852 with an assoc1ated audlo chp object 859, or a script element

853 with an associated script object 860, as shown in Figure 28.

A page instance has a background field 833 which is used to record any digital ink
captured on the page which does not apply to a specific input element.

In the preferred form of the invention, a tag map 811 is associated with each page instance
to allow tags on the page to be translated into locations on the page.
14 THE NETPAGE NETWORK

In a preferred embodiment, a netpage network consists of a distributed set of netpage page
servers 10, netpage registration servers 11, netpage ID servers 12, netpage application servers 13,
netpage publication servers 14, and netpage printers 601 connected via a network 19 such as the
Internet, as shown in Figure 3.

The netpage registration server 11 is a server which records relationships between users,

pens, printers, applications and publications, and thereby authorizes various network activities. It
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853 with an associated script object 860, as shown in Figure 28. A page

i nstance has a background field 833 which is used to record any digital ink
captured on the page which does not apply to a specific input elenent. In
the preferred formof the invention, a tag map 811 is associated with each
page instance to allowtags on the page to be translated into |ocations on
the page. 1.4 THE NETPAGE NETWORK I n a preferred enbodi nent, a netpage
network consists of . a distributed set 9f net page page servers 10, netpage
regi stration servers 11, netpage |ID servers 12, netpage application servers
13, netpage publication servers 14, and netpage printers 601 connected via

a network 19 such as the Interpet, as shg\éi% g Fcaedsuser-rglean et page
regi st rat | BfheuBpigsepsers pud gots, a4 A SERPE RRFE AR PRl oh L0 B

I ons et ween
users,  pefmsactiink. Mt AdoprovipPhdndwriting Rsogaition tides. datdeonisd abavel atrhmwb’yge

aut hor i zes_yar {1 QAR MR Ko Al Bty ek ocNTHOROn Pl safll BRNIGRL 05

users and acts gning proxy on aut henticated users in
appl i cat i omstworl aﬁ@a@wember pltpagg ssiyerp eephihendbing s orflr af Pah 1S PEESn BRI CRiPAF

services. As8088Ghddad wah e vaﬁesrtet aaag;ag@agame SR Rlich 2O ndiRbdrteiSend
persi stent information about g descr ns and bage i nst ances. utThe

net page n¥RREsT BPY FEPy & thy 59 g%gr\?%rr ERER ARGt Ry a
subset of zraagreubmsdeampe&offﬁbmespanqm@ege server al so mai ntai ns user i nput

val ues for each Q\a Pﬁ g e? 12 al!)c?i{ag ﬁoc%ﬂgrp 15 SDQ)LQl@Ingdggﬂdrgr@)i(ﬁs %@d
net page i nput di I’EC E)pl’ opri ate page server he page server

i nterpret sba@nvngqﬂmepm@tvwlﬁsem Fajign ©cbemehe descri ption of the correspondi ng
page. A netpage LﬁQe@@é’e\{)ﬁﬁterlgesﬂellﬁ&ﬁ& O RtrHAEAINRRY Sybtéds (Iﬁ\ﬂS)Q)ﬁSlﬁlﬂﬂiﬁﬂfésol&nd

D e e aer b e P BT HE ST ot B e R B LR ™ 2
simlar, tmgs@sabae a netpage page ID 50 into the network address of the

netpage page ser \A%'etf%g Q@hl:aﬂlgn LRer 29 J &Wh%gsts PRY&QivE ﬁ%%ﬁlcatﬁnﬁ at page

appl i cation server a server ts interactive net pag

appl i cat i omtpagepublicatiop seyeer bhiisiap 6%&’!1?36?? %@?’V’@\‘Chfﬂblis@s BHPAEDIACTREAT | °o‘?‘?tp§%r ver

mhrgh puPImﬁ@ﬁeﬂﬁe&pagemap@uaanhSmh&nnetpageb printers. They are descrlbed

in detail in Sectlon 2 ers can_be ho

network server }%?ﬁ%rﬁﬁm¥r3ﬁr i aéﬁﬁrgrgwsﬂg %W§glg§% ?%@i t Packard

and Sun. I\zhzinnfaphrers seh pdBM, B evl@ttaﬁ’askaahmdrsum Mydtipdanetpegqs¢ryers %%C@nglﬁbf host ,

and a singlg, Vﬁ%ét &1 sglgleqz‘:ﬁér IohDBL BGLHAME bveR a RMARE bf lQ)Ets hamt sr allgnR Or a| |
a

of the function %%HfrOVI net page server 5% ular the
funct i onal froforghe e B&n?ﬁﬁeF?Wm%@PﬁéPm§ﬂ&“ﬂﬁegﬁ%ﬁﬁ“?éVV§§ %gﬁlglso be
provi ded diefv@Cdnll YheipageaseR@l @AGRo 8P pbvidedcireslyGla agpage Aplipageich as a netpage
printer, in a computer workstation, or on a local network.
1.5 THE NETPAGE PRINTER
The netpage printer 601 is an appliance which is registered with the netpage system and
prints netpage documents on demand and via subscription. Each printer has a unique printer ID 62,
and is connected to the netpage network via a network such as the Internet, ideally via a broadband
connection.
Apart from identity and security settings in non-volatile memory, the netpage printer
contains no persistent storage. As far as a user is concerned, “the network is the computer”. Netpages
function interactively across space and time with the help of the distributed netpage page servers 10,
independently of particular netpage printers.
The netpage printer receives subscribed netpage documents from netpage publication
servers 14. Each document is distributed in two parts: the page layouts, and the actual text and image
objects which populate the pages. Because of personalization, page layouts are typically specific to a

particular subscriber and so are pointcast to the subscriber’s printer via the appropriate page server.
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printer, in a conputer workstation, or on a |local network 1.5 THE NETPACE
PRI NTER The netpage printer 601 is an appliance which is registered with

t he net page systemand prints netpage docunents on denand and vi a
subscription. Each printer has a unique printer ID 62, and is connected to
t he net page network via a network such as the Internet, ideally via a
broadband connection. Apart fromidentity and security settings in

non-vol atil e nenory, the netpage printﬁg contai ns no persistent storage.
As far as a user i.s concerned, "the network is the conputer”. Netpages
function interactively across space and tinme with the help of the

di stributed netp age servers ndepe ant. y articul net page

printers. %ﬁ‘ e‘Flggi B‘ %‘? oﬂtﬂéeroﬁeééaé‘lg\/aéeslygh%gc%r éh rsugscn 6S¢ﬁnnesﬁtarse from

net page puinhlm:asttmonubsmmairmteﬁdndtmhmmwmrs d| strl but ed in two parts:

the page | ayouts r,andy b guEhiin borl bl dROSnAD SE b ClhiRORY] ale the
|

pages. Because of pers zation, page |ayouts are typically specific to a
parti cul arPpoinigsse pidymlticasy Adter mpedvi %P%%f%aﬁt ‘tfd‘ doRuneg{(HiAgs fapts: the prntef o v a

the appr opkdodt PriaalRicad! ¥ &y, o 1P26- SG 18 Text and image objects, on the
ot her hand, are t al l.y shared h oth r subscri ber

nulticast to all O\é%b@%ﬂ‘%gr}?s reﬁ?“'ér,ﬁwt‘é? §°“é°ﬁ P45 BB T 8nprlsdé %q%ééce)fmgeﬂ?evers
The net pagé®cypudnt tb bagrined, isen wer thogdciminzes t he segnent ati on of docunent

cont ent [nto ROl AR AL IULEKOAR fo o6 ks LESBMNINGARG RAl dgast of 2
|1 C

docunent's page layouts rinter knows h nmulticasts, if any, to
| i sten to.sh@uck OPﬁ@nSpﬁqpm‘@r Plﬁlasmgl’é,fcéintf@&fst??@ %r?ﬁlpbﬁ‘gmﬁﬁg‘é‘zlné%‘tﬁ"’é and

obj ect s t hafnmdRi B30GortaiEpurd@c ument to be prl nted, it can prl nt the docunent .
The printer rasterizes and {)I‘I nt s 8 % e%/ Jaaagt ? mé eou 10 on both
sides of the sh&BtPiniie R éf’??’s“’tsd’ EHPIRT T8 ERGTREC B RIS STTE€™760 and
print engiaaeésxpdisionia@i pigtidgifpak Fnageqoﬂermdtﬁe adhge BB@sshoRIR) hprsisty aff o samord he
printing pjoces %sgso‘?s%' ok ;}a}’é@ o1 9PNl p?ﬂa@a%&e chitrohé&s b&ﬁtt'&rtu@&m page

descri ptions, expansion printing g‘aﬁ_?e i mges. The raster inage
processor Hesyrs é'blﬁsqxeatné déﬁlefé?ﬂe’“é‘rpawes §1tf%t‘h WE?SF%ZC"ZW heARARYg of n
paral | el . @ghginthdfak BXRGriRfchdites.£Ngi Nne control | ers conS| st of custom

processors whi ch expand, er, and es in.J

synchroni zed w tﬁ“‘t“ﬁsnobf%g%‘{'ih ) ve%eo?&%ﬁ %ndls Phothe b r‘r)tttvegﬁdécl nes.
Printers niok, aitoadhl teglreftaqts thdR tqoothmer@pbm@s ofhee rogst Abhvuz@umnazﬁﬁ havggereysi ng
| R absorptl:ﬁéédﬁh&ﬁ}&hty'ﬂmﬁm-ﬁ\]uf; gyggb el S stiifBhded SlnSipigdPS t O ot herwi se enpty

areas of the pag uch pages have nore limted fupcélonallty
than | R-printed pdgewl n?tﬂ’i‘éi/ PrjiE PEPSS PpPRgps st maperpYpra gpecialised netpage

printers may print onto more specialised surfaces, such as globes. Each printer supports at least one

surface type, and supports at least one tag tiling scheme, and hence tag map, for each surface type. The
tag map 811 which describes the tag tiling scheme actually used to print a document becomes
associated with that document so that the document’s tags can be correctly interpreted.

Figure 2 shows the netpage printer class diagram, reflecting printer-related information
maintained by a registration server 11 on the netpage network.

A preferred embodiment of the netpage printer is described in greater detail in Section 6
below, with reference to Figures 11 to 16.
1.5.1 Memjet™ Printheads

The netpage system can operate using printers made with a wide range of digital printing
technologies, including thermal inkjet, piezoelectric inkjet, laser electrophotographic, and others.

However, for wide consumer acceptance, it is desirable that a netpage printer have the following

characteristics:
. photographic quality color printing

. high quality text printing
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A normal netpage printer prints netpages on sheets of paper. Mire
speci ali sed netpage printers may print onto nore specialised surfaces,
such as gl obes. Each printer supports at |east one surface type, and
supports at |east one tag tiling schene, and hence tag map, for each
surface type. The tag map 811 which describes the tag tiling schene
actually used to print a docunent becones associated wth that docunent so
that the docunent's tags can be correcﬁly interpreted. Figure 2 shows the
net page printer class diagram reflecting printer-related information
mai nt ai ned by a registration server 11 on the netpage network. A preferred
enbodi nent of the netpage printer is described in greater detail in Section
6 below, Wth r@?@?ﬁﬁ@g to Figures 11 to 16. 1.5.1 MenjetT"' Printheads
The net page syst ewptaerceperate using printers made with a wi de range of
digital prjnting,  technologies, including thermal inkjet, piezoelectric

i nkj et, |aser electroﬁhotographic, and others. However, for w de consuner
acceptance, it ilwgesiqogbl e that a net page printer have the follow ng
characteristics:gmhb&eREdaphi ¢ quality color printing high quality text
printing NPX026-SG 19 high reliability |ow printer cost | ow i nk cost
| ow paper cost “PREtHPEPRLion nearly silent printing high printing
speed si nul t ane@ghspridiglspeed si ded printing conpact formfactor | ow power
consunption No co rcially available printing technology has all of these
characteristics.“#%ggﬁg%ng?%kp?gﬁﬁ%tion of printers with these

charact eristi cs, comhet formeRdert appl i cant has invented a new print

t echnol ogy., refe&@ggm;gmgélmgnjetTwltechnology. MenjetTMis a
dr op- on-demand i nkj et tecﬁnplogy t hat incorF§ t es pagewi dth print heads

fabricated usi ng™NAPEruERaEERiANHYTE teghnolo BRI F @ hnol ogy. Figure
17 shows a si ngl o piablatd prgdueticanss Pptintd0) it kthese dvigageaibtith/] theppresarit aprdidant Hdse
Qgtogaggl Wailn\lre t'é& ep &e@vrpri}xtr}&%o%%{r, %f(%sed 106a§ %/@Qljep‘{‘itéaﬂoﬂgy. %eﬁf@%ﬂgssa d%c%oontdgm;ngr m a

inkjet technology that incorporates pagewidth printheads fabricated using microelectromechanical

systems (MEMS) technology. Figure 17 shows a single printing element 300 of a Memjet™

printhead. The netpage wallprinter incorporates 168960 printing elements 300 to form a 1600 dpi

pagewidth duplex printer. This printer simultaneously prints cyan, magenta, yellow, black, and

infrared inks as well as paper conditioner and ink fixative.

The printing element 300 is approximately 110 microns long by 32 microns wide. Atrays
of these printing elements are formed on a silicon substrate 301 that incorporates CMOS logic, data
transfer, timing, and drive circuits (not shown).

Major elements of the printing element 300 are the nozzle 302, the nozzle rim 303, the
nozzle chamber 304, the fluidic seal 305, the ink channel rim 306, the lever arm 307, the active
actuator beam pair 308, the passive actuator beam pair 309, the active actuator anchor 310, the
passive actuator anchor 311, and the ink inlet 312.

The active actuator beam pair 308 is mechanically joined to the passive actuator beam pair
309 at the join 319. Both beams pairs are anchored at their respective anchor points 310 and 311. The
combination of elements 308, 309, 310, 311, and 319 form a cantilevered electrothermal bend
actuator 320.

Figure 18 shows a small part of an array of printing elements 300, including a cross
section 315 of a printing element 300. The cross section 315 is shown without ink, to clearly show the
ink inlet 312 that passes through the silicon wafer 301.

Figures 19(a), 19(b) and 19(c) show the operating cycle of a Memjet™ printing element

300.
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pagew dth duplex printer. This printer sinultaneously prints cyan, magenta,
yel l ow, black, and - infrared inks as well as paper conditioner and ink
fixative. The printing elenent 300 is approxinmately 110 microns | ong by 32
m crons wide. Arrays of these printing elenents are fornmed on a silicon
substrate 301 that incorporates CMOS |logic, data transfer, timng, and
drive circuits (not shown). Major elenents of the printing elenent 300 are
the nozzle 302, the nozzle rim 303, thg nozzle chanmber 304, the fluidic
seal 305, the ink channel rim 306, the | ever arm 307, the active actuator
beam pair 308, the passive actuator beam pair 309, the active actuator
anchor 310, the act Hat or nchor 1l..and t The
active actuator FP %bg o uw“e %%P@a% §mfg?%egﬁ€8m§ éﬁh%égﬁéé

act uat or béaﬂwphkmraaﬂglaﬂwnh@krbmﬁmSwaﬁB@@hmb@aﬁsmbaEWSM%ﬁ@aah@W@red at

thei r 1 eSpAGLL U AIRAAL ABLALS n310 Aer3band WS AL ON OF el ement s

308, 309, 310, 311, and forma cantil evered el ectrot hermal bend
actuat or 320. Fi d\ile %‘“@h@&/@“ﬁh?ﬁéihfosp&ﬂ”‘réffd‘%m&% fagg rgp B P iR el enent s
300, i ncl ughnii@iedto Ge@SiSect ;sﬁ@tglemexa,nacm thadaraer hxﬂltmﬂ@s 8¢ @6 trivd @ cleditodesCr 0SS

section 315 i s .shown vvi w th 2 that
passes thr %ﬁé’g the Rive PR 6%’3 508 5@8 CaI‘i‘Ses ﬁrf éél-esc ur)ren{atfg oug%jtg%lg%") show
t he oper at parg308 Yl aéouohneammbwy@ti,ﬁmubm nltlowg hestipgrdhe temBdgure MRXGE 858220

Fi gure 19(@3m ﬁm@’l\@atﬁl &ugy{hgﬁ&lﬁlqﬁu @(Qistb E}lpglﬂi Rf mb %sr&e@kﬂlﬁ&@%aﬁr@&&% 3gd@nftrior to
printing an 1nk Ink is retained in the nozzl e chanber %ﬁsurface

t ensi on atheplRd i 4’1’RS ff?éﬁ’fpé@uées‘é‘fs iy gfregst diffqrence 'Fel“fﬁe’ﬂfhﬁ tgoobepm 35 15} HEYW bet ween
the nozzl ediiaixb ey paitly aRelveing thekanGledrdaednd fof ihe 3MOtrothkmal eexmracmtomg;o t he

print head ri.butes d [l ntroller
to the cor¥ag gtowar‘?#ﬁ ensﬁ%té %%'tlen helfivgtm%g‘éﬂf tghésén °Vé‘%$3n%“’§? ers th 88dat ato
drive the Weﬂtemd@s:hal@@@%fmowqebmmomcra@tm&l? msltlbeshwpm HigugQl8(b)- filklss causes

an el ectri iﬁé‘l&as&lﬂ{ernﬁ(rﬁesguga Retig n{krﬁerHg br hd -8 807) an@@dugmg?th&nlt RénisdRBYE oone
microsecond, resulting in Joul e heating. The. tenperature j ner esul ting

from Joul € “i‘?éaﬁer’i‘ﬁzzé?a’ﬂ% &8 Rriyenhibs fkgaencus d b Fm RRdipRAcroRy thy ‘ffag

act uat or beae ¢hahber 839 i s not heated, it does not expand, resulti ng in a

stress differ enc%s ng;e%?e]glur% thhe mgﬁégb g[”&) eqlank ta(:tﬁﬁa' 3%61}&1”%1? oqgce i's

partially resol ved e cantl of 't ectrot her
act uat or mmalb@ﬁmnnﬁhlﬁ eidmindke hrepk-off pb gherinlt dromey B17 ﬁf?fé the diket2! 4t fhe 3??7‘ o

transmts Jhmlb%r Hpéﬁeﬁelﬁﬁﬁxgﬁx@ 15(DETRQEZlRh & D REIedDP the actbRoMRZER: eidaaber 304
noves about mcrons to the position shown in Figure 19(b). This

i ncreases "ttﬁénﬁe’ﬂ??“ gssure, forcing ink 321 out of the nozzle 302, and
causing the ink ﬁemg@ts@wswegmnt df ! myistheafil 360.no 2zie@age ipnn@0 Bie fmeth @fiths t he i nk

meni scus ?b]rﬁthgardqgﬁlesfgﬁ %GII dBle %Eﬂ@ﬁw&l]@g 1(§IH]EJ e df?écﬁ&hﬁ 1. The segment shown is
0.4 mm long (about 0.2% of a complete printhead). When printing, the paper is moved past the fixed
printhead in the direction 352. The printhead has 6 rows of interdigitated printing elements 300,
printing the six colors or types of ink supplied by the ink inlets 312.

To protect the fragile surface of the printhead during operation, a nozzle guard wafer 330 is
attached to the printhead substrate 301. For each nozzle 302 there is a corresponding nozzle guard
hole 331 through which the ink droplets are fired. To prevent the nozzle guard holes 331 from
becoming blocked by paper fibers or other debris, filtered air is pumped through the air inlets 332 and
out of the nozzle guard holes during printing. To prevent ink 321 from drying, the nozzle guard is
sealed while the printer is idle.

1.6 The Netpage Pen

The active sensing device of the netpage system is typically a pen 101, which, using its

embedded controller 134, is able to capture and decode IR position tags from a page via an image

sensor. The image sensor is a solid-state device provided with an appropriate filter to permit sensing
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nozzl e chanber 304. As the tenperature of the beam pairs 308 and 309
equal i zes, the actuator 320 returns to its original position. This aids in
the break-off of the ink droplet 317 fromthe ink 321 in the nozzle
chanber, as shown in Figure 19(c). The nozzle chanber is refilled by the
action of the surface tension at the nmeniscus 316. Figure 20 shows a
segnent of a printhead 350. In a netpage printer, the length of the
printhead is the full width of the pagﬁ (typically 210 mm in the
direction 351. The segnment shown is 4 mmlong (about 0.2% of a conplete
printhead). Wien printing, the paper is noved past the fixed printhead in
the direction 352. The printhead has g rows .of nterd| |tate rlntlng

el enent's 3BEMY n5pinfiafed ey dmetay £ dgrrhed inypore JRaik ‘%W’Fﬁ?‘%ﬁbﬁflgg)%y t he ink
inlets 31ZWmJOmpmo&a&&mﬁhawmnmgmm@esmdﬂﬂ@@xshmehewppmmth@adﬁdunwwgo

operati on, zz ar. f 0 %ﬁ@g ubstrate
301. For eaB gbz nggﬁgm% %agﬁpgﬁéw %??2%%§ﬁ3§%rh%gggﬁmﬂﬁﬁ§% hol e 331

t hr ough mhﬁchQNMGmnmkd@wbwwﬁﬁéyEﬁ@mﬁ@#@dmﬂﬂﬁmbﬁé ﬁPmWﬂéﬂﬁéﬁfpéﬁéﬁﬁrd hol es

331 from @ﬁﬁﬁ)me&%tmﬂ&&%dmmes Q@Ehefl&l@@f)§ag@'étr@mer debris, filtered air is
punped through the air inlets and out of ggjir)ozzl e gua dgmgl es during

printing. To pr e\Téﬁ?r‘*fF‘i‘ﬁQ e??‘idl‘f“?“b?ﬁﬂﬂfr‘ﬁp?ﬁj peg ?P@raf% & YUY ST Le8f%ed while
t he pri nt efndias aindh-Rarkihg Erylld) @hd\abrpiag) esp&de rhowdier, dciok v@esan Si ngngdtéwnem@gmf t he

net page s Ys St emls blto%gu:lgcs%%terx sien r\}vhgholg‘i g& 8 Irhle?ﬁela gxtel—fgc% Ea@lqgé?ﬂgee&n is

control | er™13% > § ‘capture an IR position tags froma page
vi a an i maggstersewigighe netphgs SYﬁtmqed haéﬂ%ﬂuelpsﬂ@ & ofipye %%S&?"é g PEEE PSS ded

with an apcﬁig%['r@fe@tm& ipkd-Riatell %f&ﬁlﬁtf&ltmaﬁﬁdﬁﬁﬂ BY a B s&er2l ondthe ffjaye
near-infrared vvavel engths. As described in nore detail below, the systemis

able to sef&™when the nib is in contact with the surface, and the pen is
able to sense tag\&eﬁtmtl&r adbf f5iigicemdct mith @ tatpages alpt pn edelyommaen ity oeitigmi mdng (i.e

at 200 dpi onent ti toaag % 01‘ itO5 aftd t?etd%é for!:J‘JerBp%d ﬂ@fo?o%%hldﬁe% Ry the

pen is encry vvlre transmtte rinter i“g base
station), h@r@mdlrﬁ@typ tp tsephed t%P@lﬁqteoﬁh‘iﬂﬁ{ @F@F’étsl H@; ?rhéo‘ﬁht WO Respect

to the (Kngadiveae8endbd MEhadt B beTJIiekeE’rthp&rs{u%bemnKbq{dﬁ A8k odér té Reuestesapage pen
operates both as nor mal as a..non Igoﬁlgws gl us. The

mar ki ng asPoERtoL Y BFort rspa “ﬁ%efmoﬁeg?l%% YRY C?p%“e%uagf’rclonu?‘f?us net stem as
a br owsi nghsyB tigamicsafe kigagsranh baverified; s used as an Int er net |nt erface Each

netpage pen 1S GEOIGELEHb fokldf wllChORAR, SYRLATLAR AR B WitigLR pen |D

61. Figure 23 shows the net P pen class. diagram_ reflectin en- related
i nf or mat i ofhe FEFTeh AFHEE apHTeR 9r3é’§ﬂ’§t’arg5tn|ﬂ6en"‘%‘?'\9€ ° 415 Ilse PP PEr BLE% ™  net wor k.
When ei t hedomPitks thSposiorCsMkicast relatitelto the N fagde olishieedpenpadttegiismrtive n ks
position an gged tag and the known geometry of the pen optics. Although the position resolution of the tag may
be low, because the tag density on the page is inversely proportional to the tag size, the adjusted
position resolution is quite high, exceeding the minimum resolution required for accurate handwriting
recognition.

Pen actions relative to a netpage are captured as a series of strokes. A stroke consists of a
sequence of time-stamped pen positions on the page, initiated by a pen-down event and completed by
the éubsequent pen-up event. A stroke is also tagged with the page ID 50 of the netpage whenever the
page ID changes, which, under normal circumstances, is at the commencement of the stroke.

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

It is interpreted in an application-specific manner once it is submitted to an application via a selection

byperlink activation.
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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 ndi cate whether the pen is "up"” or "down". This allows a interactive

el enent on the page to be "clicked by pressing with the pen nib, in order
to request, say, information froma network. Furthernore, the force is
captured as a continuous value to allow, say, the full dynamcs of a
signature to be verified. The pen detezm' nes the position and orientation
of its nib on the netpage by imging, T™n the infrared spectrum an area
193 of the page in the vicinity of the nib. It decodes the nearest tag and
conputes the position of the ni ative to th from heo rved
perspectl ve di st@r"?hlpﬁ?lhaéﬁc"ﬂﬁﬁtmlﬁ%éjéﬁ‘St%d“blﬁsan?tﬁg‘}vglb\ﬁﬁnm e’rpyno t he pen
optics. td@mmm defadlt RQBgetpentiestridbaddbbite] Gtheraife maldngtbiagk ik yib Obtée roowarkirgcause
the tag der}%) 1%{13 {:s)rc]:urtreblp EF %%gn !il?o &QX%&‘E R{]IQ Ba Il"fug)g%e rﬁ@st}l@ﬁsttag&la'%édze the
adjusted position resolution 1s quit excee he m ni mum

resol uti onwrt}efqgwerléﬂalfamhca@emgaméesmmmﬁﬁ tlﬁiewglecqﬂééﬁf&ﬁ iﬁPi’“é Raletioghhe defultons

rel ative tgpaylRe! RAGE sdk %ssggd%d%ﬁd;h@eﬁrréht a8/ $tﬁ>§esQf1pt1&§d’ ©l685.a pon &k QKR
consists of a sequence of tine-sta lgom
SR

initiated B e pERtadeYhm has T o}V ‘f‘f% gh‘b%"éifﬁmd@e%%r’ﬁh-eup
event. A sﬁibaklewiﬂi;wladhshbyhﬁ@g@ﬁ with the page ID 50 of the netpage whenever
the page ID cha gnelan Oo'qu)Lmtgﬂ %&%&hﬁﬂ&ﬁ%omﬁﬁc% thdfen

commencenent of t ro e ’lsEac as a current selection 826
associ at edsletly lﬂaqh@s ltSaIOtﬂ@W" REDt Wéemtgepent @118 ederade i sEoksyrelaiE HdStRag fer at i ons

etc. The sghRGlatifNctvited ksMeREATBOIWhE B belBudehtBs B)ISdoRNE b Srollé feladivettoitle  af t er
a defined ti msélﬁerl od. The ¢ urg,,eg% sel ection describes a region of a page

i nstance. Pgs¢ 3 ‘recent digital ink stroke captured

Y vaep i ©
through the pen mek@ticyef diptutd grobadkgienadriolasatigial igd Dighd inkefgres the pasisife

| nterpret eg | 2B BGalokiffog "RP BRne QG Shitloh of andWAFE ! 4@ Gort O an
applicati o% S{Qgﬁgxcggr?l}egtp%%ﬁghype&r} [ nﬁ’ activati on&JtI{)IP)%OZaEISl SGE%Z Eallrch pen
has a cur revize yerificapofsigapssi s the nib last notified by the pen to the
system In the C@ﬁ@peﬁﬁs wiRtRssdad Mkﬁumﬂﬁgﬁtﬂ&@ﬁoﬂﬁlﬂetﬁfgsplﬁﬂtéﬁeﬁ adlxoenge eidibher t he

mar ki ng bl @ ni.b or .the non st r t ch pen
al so has a“’g‘upfeetfﬁ‘ sieg dégft§}l'§( §f§°’yq“%ﬁlktj g ‘%’é’a h%‘; M 'bnqy & padﬁ%tyz g?ogsgﬁ(%%@at ed
Wi th the piensnogsioarbutipgiviys Seshaipn a@ergup eivent !oeyp@m@elyt@dbﬂzen thsrrmtese| ecting a

color froma pal Wh%r?the g&% aﬁt)%gte of Qb&te?txt%hﬁeré Sgitahik Hl'lgerﬁatl)ﬂeﬁoﬁsoﬁﬁlﬁ| ated
with the current nib t rokes captured through a pen are tagged th the

current nills acgRagty ofinus tHENE S K@%‘“‘é’f‘%h@ﬁ‘ﬁg’é%]u‘@iaf‘l"if B BHLERE V' Rey are
repr oduceolrailglaofJ&nteﬂitl&atsfe_r,slaeymlbdm&;itaclhkthey are tagged. Wenever the pen

du : : WA | ow
is within range AR W{‘Ea“y n'm% ﬁyr&%ﬁoﬁugg%%\gé Pl dabﬁ%xc@@?at Siowy

flashes its "onli f)reg e pen stroke re ive to
t he page, nemagemnémnapaptrymamq thatnesrorkt & is ém@r impatgjal W&'élhp’tlﬁ@ He Bucceeds

in decodi r&mﬁmﬁ&a’fmthra?elnﬁbirﬁ&latr fnd. he

A preferred embodiment of the pen is described in greater detail in Section 6 below, with

reference to Figures 8 to 10.
1.7 NETPAGE INTERACTION

The netpage printer 601 receives data relating to a stroke from the pen 101 when the pen is
used to interact with a netpage 1. The coded data 3 of the tags 4 is read by the pen when it is used to
execute a movement, such as a stroke. The data allows the identity of the particular page and
associated interactive element to be determined and an indication of the relative positioning of the pen
relative to the page to be obtained. The indicating data is transmitted to the printer, where it resolves,
via the DNS, the page ID 50 of the stroke into the network address of the netpage page server 10
which maintains the corresponding page instance 830. It then transmits the stroke to the page server.

If the page was recently identified in an earlier stroke, then the printer may already have the address
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page, it nonmentarily 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 draw ngs and handwiting, for online recognition of
handwriting, and for online verification of signatures. The pen is
wireless and transmts digital ink to the netpage printer via a short-range
radio link. The transmtted digital ink is encrypted for privacy and
security and packetized for efficient ,transm ssion, but is always flushed
on a pen-up event to ensure tinely han&llng in the printer. Wen the pen is
out-of-range of a printer it buffers digital ink in i nt er nal rrermry, whi ch
has a capacity of over ten ninute f continuo handwr n.the pen
i s once ag%fJ di’fy‘\?\ﬁe‘faﬂtl RRg°® FPRFGR e %’rc}? ARTE CoPisty L%:?ncg‘f'%aiptspa%%yogurf‘? ermee digital
i nk. A penpetsisrniiebyraagipsdergecievdr tive aelyw)nTinvipege lobutpeferntoatbscts buh ashmesgsise al |
state dat the network, it is

| argely i ﬁ%&f{;%}rd :ggfes\?\ﬂm Q}%cfgl?y%%zerd QB&‘%@%QH Rgge?‘%ﬁ’%%ﬁ?oggtl ng wth at any
particul ar tine. Whephepagr ?eéﬂf serbstihereke frmm hapengistrips e 8ige dpedptihiogr eat er
detail in Ggathodol apﬁieé)\%d dManlﬂnes rv&@chEl@ﬂ&lEOfttﬁb [Eg@égcﬁﬁtlog teQtrdi@ intelsedts. NETPAGE
| NTERACTI ON. The net pa r er 601 receives gﬁﬁt ﬁtlntgtoastrokefrom
the pen 101113\?3'?%?'}’1?%,"“‘;%% ﬁ%‘ékﬂf Pyt ot L{éﬁrtg’(‘fto Vaﬁt 8¥Page 1. The coded
data 3 of the tags cm:k’marsecad whete thh distaen asdhae Hetweengthauige dowrpposidorandithe a
movement . Shefed pefly LJH%%@ bdi fesARin3od qumamﬁn ARGk wlcpl@ a&,bﬁedre@atl cul ar
page and assocCl |n eractive el enent be determ ned and an indication
of the reldiek wwab@mviebmlﬁlgtoéﬁ aqt'ﬁéedp@ﬁ acqoadrnatyi ajgngerstroksds ignorrd- he faure

obt ai ned. oFh §ed A0GtnCatH 20 9 Wby click, b raRES IntiRgedty tellRk Prréspéney fromheged’si t

resol ves, s the DNS, the page ID 50 of the stroke into the network

addr ess of ]f Dhet page page server 10 which maintains the correspondi ng
page instance 830herd dre twhdindg ofdnpsidldngnts e retpagslpezetdesciifftion: hagdinkseand érm | f t he
page was rf‘raeﬁigri ;Juythl] %%Qtférirnlf@ﬂ chn'hisd é@éﬂl‘le a@tfvatﬁgg%easso&m%yﬁehﬁkp“ nter may

al ready have the addr ess  NPX026- S of the relevant page server inits
cache. Each’- het pHWRerENSsi st s of a conpact page | ayout maintained
persistently by ﬁhﬁﬁﬂlﬂl@-@@nﬂﬂﬁ@fs&&ﬁﬂé@he(ssg%@o Dehewdpplichhe, pag@ickiByhtitar ef er s
to objects Sy h as i \ges fonts and pieces of text, typically stored

el sewher e F6R* ‘r?%"’ﬁsgf‘{)@ SPHEFREPk. When the page server receives the stroke
fromthe pen, itArgperlink\elmentt$d4 piruefics ths @pilipttiond! wdich Widleh aqtivation pf ke

appl i es, %&rlglﬁtaqmmﬁswmll&ﬁhfﬁé SOBRL1A 1o 1B SppRAESh, SBSRd: kdahil-aNndRBicRt r Oke

i ntersects. is then able to interpret the stroke in the conte(i<t of the
type of th"éksrt%q BgRtte dclidiiie uses epplication afiag IQ @twd%ehmﬁma%%%ag 3nce and
time bet weedriftids whielis G@iMvhqaais hypediink arekotdadas asaibste Guppdars rethe wspr'spisint | on ar e

both | ess ﬂggyrﬁe&&n&em%%lalssd%%qys gFl%urg%pt which is activated by a-

When a hyperlink is activated, the page server sends a request to an application

somewhere on the network. The application is identified by an application ID 64, and the application
ID is resolved in the normal way via the DNS. There are three types of hyperlinks: general hyperlinks
863, form hyperlinks 865, and selection hyperlinks 864, as shown in Figure 30. A general hyperlink
can implement a request for a linked document, or may simply signal a preference to a server. A form
hyperlink submits the corresponding form to the application. A selection hyperlink submits the current
selection to the application. If the current selection contains a single-word piece of text, for example,
the application may return a single-page document giving the word’s meaning within the context in
which it appears, or a translation into a different language. Each hyperlink type is characterized by
what information is submitted to the application.

The corresponding hyperlink instance 862 records a transaction ID 55 which can be
specific to the page instance on which the hyperlink instance appears. The transaction ID can identify

user-specific data to the application, for example a “shopping cart” of pending purchases maintained
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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 indicated by the | ack of response fromthe pen's "ok" LED.
There are two kinds of input elements in a netpage page description:
hyperlinks and form fields. Input through a formfield can also trigger
the activation of an associated hyperlink. 1.7.1 Hyperlinks A hyperlink is
a neans of sending a nessage to a renoig appllcatlon and typically elicits
a printed response in the netpage system A hyperlink el enent 844
identifies the application 71 which handl es activation of the hyperlink, a
link 1D 54 _whic |den ifies tg?hgégerllnk to the appllcatlon an "alias
requi r ed" PY%@” ﬁwgﬁm>%§ﬁgoqﬁ$a &M 'to include the user's application
alias | D 65 in tHeelyperihduwks the pémsaduirem sel@neh 826 inle sdectiqnt iyomlinktactevations  used
when the h#ﬁeegy%w lalcﬁuées %%Qﬁtgl‘?qf tﬂéas@ocfa@x Yot iReale P RGADS fyPerkiltGotlaf, S

hi story. F l enment class diagramis shown in Figure 29. \Wen a
hyper | i nk pigopght M@ﬁlmkthﬁ@‘spﬁ}ﬁ@“%‘?vé@bgté proonly inpRlipesthe LE‘S(Sf"&ﬁ S‘%’lﬁ‘ﬁf‘?’b ation
somewher e @fnclda&l. Mets c1£b@.naﬂ&hv&awn@mms&umqﬁﬂm icwdmby an appl i cation

I D 64, and the ap i.s resolved he DNS.
There are three tf’gt%’gf (16 lﬁﬁémuﬁglﬁ%?nék h@hﬁcerhas aﬂkassoméé%hypfr

hyper | i nksst86b in Bigde 3k IV@@ lmpmt degypethtongikany S6ld clement ghbovarowm ﬁﬁlhwrhek 8. A
gener al hy Qs@ Ea'teia Kmthctﬁar] gljoﬁg‘) lsed'g?sgied aa rh?;%ﬂﬁxﬁéd grarp c%n lbb rtllkeg QO qgg&u@ﬁ%«:ﬂﬂ may

sinply signa preferénce to a_ server. form hyperlink submts

corres pondPW@Vl‘frdF‘ihatﬁéldts‘Ffé appeiierkoat figan alsg b§é‘feéc1f‘ eOFnEHep & b “E‘ﬂ‘b?ﬁ“’t‘s t he
current  sah®ekt b Yodrthybddmkap B}okzlﬁa&dnﬁﬁoushrfpuith&l @[jﬁ(ﬁﬁiﬁt It G liteeforeiad u@d Rt ai NS a
si ngl e-wor d xt, for e a C o) urn a

si ngl e- pa g% go ﬁ%ﬁ{boaéﬁﬁ mt%rz{acnfni;]xgocfé?np.w%ére 1s c g;PtBr ch,]ngtthelie Oéerrg‘%%itag%)ton Iasn whi ch
it appearsito@prsa translation into a di fferent | anguage. Each hyperlink type
i s charact gpipzed fyyms What information is subnitted to the application. The
correspondi ng hyperlink instance 862 records a transaction |D SE whi ch can
be specific to thempdgeesiarelissienel selatshhinrch ielfrestlp Sk tifd 4 ALE Yppear s.
The tl’ansathiduglfh ;LrBteﬁ aapdgelesmotnﬂ Wlowkl S @fer BREMEHHT dre oflbra piramdidacto apgipli@adn on, for
exanpl e a rgmcaH onastrrnd' ng purchases nai ntai ned NPX026-SG 24 by
a pur chasi ng ap PEati"ont O Befial f of the user. The systemincl udes the
pen's current selAsfotmi ¥ lmouprvleale@éﬁ%’@tthedncwvélreramhk Tiepdtimatelt domspins 2 sthe

ﬁ yst elm i E%N?@é;alzdafa eﬁﬁ&@&ﬁ%ﬁ Oforh J;saa@ﬁ mg& P tﬁa ma&ra@a@eorﬁ ﬁgcohsrlstsi'it form
yperln actl vatl on a ou i f e ny n a a"

B PE T bute ot gl ot 521 HEM toreoPEsp RS el e U A
system i NCint£hes hann afsb@atd wile 13et, whnsepg@tehlepandsadnl thérype o timkonaspbndmtﬁe@ns A

Eg BZ; : I 2 tegen% P Epch %99 vih?e rgcog:lrs %'ﬂlrﬁ tl%l)&ﬂg B&x&%pmdqamhgsﬁménl ea&l%géixl oﬂtt: grd

more printed netpages. The form class diagram is shown in Figure 32.

Each form instance has a status 872 which indicates whether the form is active, frozen,
submitted, void or expired. A form is active when first printed. A form becomes frozen once it is
signed. A form becomes submitted once one of its submission hyperlinks has been activated, unless
the hyperlink has its “submit delta” attribute set. A form becomes void when the user invokes a void
form, reset form or duplicate form page command. A form expires when the time the form has been
active exceeds the form’s specified lifetime. While the form is active, form input is allowed. Input
through a form which is not active is instead captured in the background field 833 of the relevant page
instance. When the form is active or frozen, form submission is allowed. Any attempt to submit a
form when the form is not active or frozen is rejected, and instead elicits an form status report.

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

to be excluded from a search.
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shown in Figure 31. Wen input occurs through any field elenent in the
group, the hyperlink 844 associated with the group is activated. A

hyper| i nked 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 provide continuous input to an
application. It can therefore be used to support a "blackboard"
interaction nodel, i.e. where input is 5captured and therefore shared as
soon as it occurs. 1.7.2 Fornms A forn%defl nes a collection of related
input fields used to capture a related set of inputs through a printed
netpage. A formallows a user to subm.t one g nor e, 0?metersdt?rkan

appl i cation sof A\t Hrapyredas figithith Pl B Ya Fosrs ol ¥ RgE7PIS 2 gr oup
el ement  83goipd 814) @acH OF WhiE éonkibtestod @MYL, styledd sudkees 8t Bdcly siobntabisis ofee seef  of
termnal f] eId el enments 8 f [ r ed
nstance of B et s sl baaS bAEE vl R R SRR i

cor r espondink ¢lass fiegrim @ klgpwa findiigne 3. 845 of the form Each field |nstance has

an associ gt ed }/akﬁ%ld&zagnent\émféﬁ léé yﬁl%k@&ﬁl fédm@s’I] Qexd g1 f¢7¥@ﬂraﬁrfngﬁl§l$ﬁ79 or ah
corresponding fie el emen ach field value_rec ro a
parti cul arsigppadigld S8G LA fejdelemspiclass; ‘aéramt“}‘ﬁh%"ﬂ‘dh ‘5‘!‘1‘8%%“ %ggﬂlﬁaf’ 5‘%

net pages. Jiiukd’§ 3364 BGgnedlioaigrfaim i S shown in Figure 32. Each forminstance
has a status 872A"‘"ﬂecﬁ?ox'§@' Cat ea%so\é\l,fﬂg& lt})%{e \Qﬁlevﬁlr A éwrfalﬁ%l W€ 35. fA[n?Zxﬁlrll

subm tted, void or ex TNOrm s actl ve Irst r|nted A form

becomes f r@zidnacnses ftltokq,sﬁllsgqa@@)Cﬂpﬂfﬂlﬁ?b}@é@ﬁ’éﬁelﬁﬂw f%‘@ﬂaﬁ‘ffé’élu%ﬁe of its
submi ssi orbegys&ggdtbﬁlggelﬁ@sameen activated, unI ess t he hyperl | nk has its

"submt delta™ attribute set. A.farm bec nyokes a
void form reset* £gfid d?‘”‘sa‘hbﬁls‘i’cé?&’fiée"féf?% %W dg‘"eﬂsfe )%al;glu}r{(es when

the tine tdpukdmn th;aSielbeeme mmitdmaecaéy(meaﬂtsd tohect g onting hspmtmg |r@$nlit10ﬁ,et i me.
Wil e the Lt a6 ol Yolls'vBRY Onlih ithdwPiiFhecdfiRdilis whiluUGlbaded, OF M

which is no Trve 1% i ns capt ur g background field 833 of the
rel evant plaggxamplo Jeppet - %eﬁ‘?eltafl?é fWFﬂFﬂW@ %ﬁ‘a\‘ﬁé’f&}e ip Qehine Hepdifidghni ssi on

is all O\ABQ{ecég%o@{ ﬁ@nﬂtrramctﬁumi tPaiern fAQAIFEIsWRE rMatcHﬁe fQ¢inBeics, Vidtl2,aNb.8,ve or
frozen is re ect gﬁ;ar |ICItS an formstatus report. Each form

i nstance |‘¥#YLE 1‘5?"88‘6‘('% et"?’i“’&h‘i?nofaéedrr?'lcrﬁ%sfr%ﬁ%nec derived fromit,
thus providi ng a sigeansé Heid knis st ssogiated Hipic] signrowalad $33 g showh @ Higireddt Awyer si on

of a form e I aptotha ﬁﬁé&%ﬂrécs e@tm)ﬁie%@ﬁf .
NPx02690 Sl aptisd i PenldBBBEEIA® sk BaRELAERUOR bR BedRAIE L s

of a set dhe ?W%%ft‘%ﬂﬁ%dm%ﬂ digiad S*g?aa%srp%f Wﬂte'éaé fhe Sﬂm\mﬂ E‘FP %ﬁgﬁ‘ 5P&BF a set
of styled g%ﬁd%@éﬂ%d %énedEa‘fﬂa f&IdI’sNﬁEe Cl(hﬂﬁigﬁil Slgﬁﬁturals%ﬁeramsﬁ usibg the pénanpdd pen

positions 876, .each i.ncludes pen-ori o0 A0 o if Or ce.
The di git 6ﬁrlvati‘: ﬂ%glata'e é(g}éspaclfgz t? é.hﬁ'l ?p?w ti nwfijl own 816 fOrK;l %{{i‘&%éﬂgﬂr @gl'g' ot p

well-understood (see, for example Plamondon R. and G Lorette ‘Automatxc Signature Verification

and Writer Identification — The State of the Art”, Pattern Recognition, Vol.22, No.2, 1989, the

contents of which are herein incorporated by cross-reference).

A field element is hidden if its “hidden” attribute is set. A hidden field element does not
have an input zone on a page and does not accept input. It can have an associated field value which is
included in the form data when the form containing the field is submitted.

“Editing” commands, such as strike-throughs indicating deletion, can also be recognized in
form fields.

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

generated over time, however, and can be generated up-front if necessary,
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A field element 845 can be a checkbox field 877, a text field 878, a
drawing field 879, or a signature field 880. The field el enent class
diagramis shown in Figure 34. Any digital ink captured in a field s zone
58 is assigned to the field. A checkbox field has an associ ated bool ean
val ue 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 val ue
to be assigned to the field' s val ue. text field has an associ ated text
val ue 882, as shown in Figure 36. Any digital ink captured in a text
field s zone is automatically converted to text via online handwiting

recognition, and the text is assigned to the fileld' s value...Online

handwr i ting recodpgielignasaready sipe ﬁ%*é*?té?%‘o*aq“f‘&ég%S“"‘f%r“é%&’#%ﬂé‘&?&sp‘ﬁert , C.,
C. Y. Suen apdhichlar deatsado, is dpphieSloatae elahent’ hdigiAl ink strea@reddy fre irdapreiationt i ng
Recognition", |EEE Tran tio . r RYAY! I ,

Intelli gen‘éné/, St\?%] I}oiﬁ?peﬁ\%&g? u %zﬁgg?lg%gg’gsg%aﬁg@é %’% %%?2918:‘“?& ﬂ%ﬁ ﬁz’ielrdeS herein
i ncor por at égitabipk greass- r ef erence). A signature field has an associ ated
digital signatur @igﬁfﬂl HE Sffdted 35 R N rduld FibIE Uk Bnt@gretedNAY a Sletich adesthirBlk
captured in a signature field s zone i% aut ona ical}¥.ve i.fied mrgg'respect
to the i deREEESFriBon of AR Q5 FET OLEFLS dSEEngHal ieprgied asf wiertop o5 Ny SEPTE°Sr t he
cont ent of otjdae, tbrugh td acwhliiaipietagonfid @plidtatiod-sppaifit. i S generated and assi gned
tothe field s value wlifl Bl AlioRl @ikl Rudapial ed using the pen
user's private S|gnaiure ey spe0|f|c to the application which owns the
form Online signature verification is well-understood (see, for exanple,
Pl amondon, R and G Lorene, "Automatic Signature Verification and Witer
Identification - The State of the Art", Pattern Recognition, Vol.22, No. 2,
1989, the contents of which are herein incorporated by cross-reference). A
field elenment is hidden if its "hidden" attribute is set. A hidden field

el enent does not have an input zone on a page and does not accept input.
It can have an associated field value which is included in the form data
when the formcontaining the field is submtted. "Editing" conmands, such
as strike-throughs indicating deletion, can also be recognized in form
fields. Because the handwiting recognition algorithmworks "online" (i.e.
Wi th access to the dynam cs of the pen novenent), rather than "offline"
(i.e. wwth access only to a bitmap of pen markings), it can recognize
run-on discretely-witten characters with relatively high accuracy, w thout
a witer-dependent training phase. A witer-dependent nodel of handwriting
is automatically generated over tinme, however, and can be generated
up-front if necessary, NPX026-SG 26 Digital ink, as already stated,
consists of a sequence of strokes. Any stroke which starts in a particular
el enent's zone is appended to that elenent's digital ink stream ready for
interpretation.
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Any stroke not appended to an object's digital ink streamis appended to

t he background field' s digital ink stream D gital ink captured in the
background field is interpreted as a selection gesture. Circunscription of
one or nore objects is generally interpreted as a selection of the
circunscri bed objects, although the actual interpretation is
application-specific. Table 2 summari ses these various pen interactions
with a netpage. NPX026-SG 27 Table T Sunmary of pen interactions with a
net page bj ect Type Pen input Action perlink General Cick Submt action
to application Formdick Submit formto application Selection Cick
Submt selection to application Formfield heckbox Any mark ssign true to
field Text Handwiting Convert digital ink to text; assign text to field
Dr awi ng Dgaulcai Smkméqsufgan mtglatwdnslwlthametbagel d Si gnat ure Signature Verify
di gital ink—s-gna etrgr-at rtaf—stgnaturey of —forntT—assi digital
signature 6‘;% § e GW R curgeé'r'lnpl?tl on| Assi gn_di gl 1E’tz'a "ink to cu?J ent °

sel ection Fr;lrperhsystaenemll nt c@hns a curr enfulyeit aatipn terepplisatianac h pen. The

sel ection |consi sts oty fre—ost tured—Tm | he
background field. Rﬂg{ gel e L‘%hl %n is clea Ewi%rﬁwﬁﬁagﬁff ivity t]nmeout to
ensure prddict abl e[SBeetigni ofClickhe raw di [§Herat saleskontggpRlicationi n every field is

retai ned OfprhiRidNCICREBo Ay HRIr ET andAg§gn Rl fId@l Ty transm tted with the
f orm dat a iwvhen t hel-formisisubmtted-to ha_annlicati an HWS t he

applicatign to intBPRogat e [HAREWHERG, di gi ° ﬁnvefl‘;ﬁ"@y@r‘fg{}? 8’4 ?Ssﬁﬁ’gf)’g&  he

ori gi nal gonversion, such @&s the convefigdon of handwitten text Thi s can,
for exanplle, invol e entiony Teatiom—tevet] for forns
whi ch ngI certain gggéi ca Dl%%HQ%PCI fi C %qdllgttagﬂﬂ\(/)ﬂ%ﬁprkq As_anj ext ensi on
to this, the entiPenduekgiianatirar ea of Vaf'fYéiﬁ'Fﬁ' ok AOPRUGaSNEAiet ed ps a

drawi ng filel d. Thel applicafion can then .gm%mmeﬁoﬁﬂn%sm@taof L he
presence of digital ink oufside the exp|d | Iqutjs of the form to route
the form|to a huﬁan operator, on the 4 O that the user may have

i ndi cat ed hmmndrrenft S to theircémsdriptpni n Assidndligitalinisiogerrest selentior fi gl ds.

Fi gure 38 shrows—aftowchart—of —the process of mandiTnhg pen i nput rel ative

to a netpage. The . o
The system maintains a current selection for each pen. The selection consists simply of the

sngnatur? |

most recent stroke captured in the background field. The selection is cleared after an inactivity
timeout to ensure predictable behavior.

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

Figure 38 shows a flowchart of the process of handling pen input relative to a netpage. The
process consists of receiving (at 884) a stroke from the pen; identifying (at 885) 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 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)
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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 enment 839 whose zone 58 the stroke intersects; determning (at
888) whether the formatted el ement corresponds to a field elenment, and if
so appending (at 892) the received stroke to the digital ink of the field
val ue 871, interpreting (at 893) the Q% curmul ated digital ink of the field,
and determning (at 894) whether the field is part of a hyperlinked group
866 and if so activating (at 895) NPX026-SG 28 the associ at ed hyperlink;
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consi sts owhecbemeamrmlm digitel i80 6f) a fitld ishieeptelvd afcoding t¢ Qleaypehétbkﬁdﬁ Hwd (at

897) whet hﬁ‘gcegsh:@nslsg'og'dét@'lmnn@lfatr@@rvﬁéﬁg}ttﬁe ﬁel@ﬂ%céﬁmﬁ&’an@w 8d7) wﬁQhe?-%%' gni ng
(at 898) a true value fiel'd value;  alternatively determ ning (at
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digital i ru{teltlawelp AReHning t(26D9) Whethét thefldnie la Pexbfield Bl iR ting {28 900p GieSt r at | ONn
server, in conver.ted orput er t field
val ue; aI t %‘9 (ai ve?“ffgﬁette’ét’r“r’rltg‘#enhﬁltp(o L G R T Ry ang?sdgmn s (gt%lgl gnature
field and thd cogerivdeoinpupdr eyt t g fiSlA I3lue ﬁ@mdwvgbﬂatmrmg (24809 wéether hpfieldiise of t he

pen’ s owneg atwetrt:,tdtttqfson@.tfpngtat S0APmERRILRK tsate%lgt,a% stttl@geh@ew&ewtﬁnw
creating (a%n digita nature of the contents t he correspondi ng

form al soelidf Hw tanéOHﬁ‘é‘F &getaﬂ%m% Gheding Gt P2 digia) élﬁna&ﬁ*‘dOfﬁ%e. YL Bhen
owner's p I’dokt&'[aﬁldmg ifc@i pell s Mvédth kieyhelpedf el repgstrtion tséréer @MY Usig orpeln n\gteaspp)ivlae at i o n,

S T e S

| ocal |y bythe fieéd yaligge ser ver. It oper at es d| rectly on form page and
document ifigsancpsge ri&Rnivkdngg’ command 907 can be a void form command

908, a duplicate formcomuand , 909, a re for d 910, a orm
status command 9% P OREadds ﬁé&‘@m@é}ﬁ‘ﬁ’ifh %delgcr%?g% 8 ppiggar %o%

913, a getoppagalisdtigbufrmspagraniiobibnt isstadeepl| | cat e docunent command 915, a
reset document CRgEEgQ%ve%%aﬂJ%% Q,%tea%{ﬁ mrth5045a %Bmm@&m%én?manas shown

in Figure 39. AV or m command voi ds t he corresponding forminstance. A
dupl i cat e Pdrarressfarraselmands]lfs sehtore Yrtvsecopamsi Ny s dyplicee Rae serernd AP £ hen

produces ggedfakd ¥anRhd N3EE & QR stfus boi@nMlE 014 BldufiREitE ocument command 915, a

reset document command 916, or a get document status command 917, as shown in Figure 39.

A void form command voids the corresponding form instance. A duplicate form command
voids the corresponding form instance and then produces an active printed copy of the current form
instance with field values preserved. The copy contains the same hyperlink transaction IDs as the
original, and so is indistinguishable from the original to an application. A reset form command voids
the corresponding form instance and then produces an active printed copy of the form instance with
field values discarded. A get form status command produces a printed report on the status of the
corresponding form instance, including who published it, when it was printed, for whom it was
printed, and the form status of the form instance.

Since a form hyperlink instance contains a transaction ID, the application has to be

involved in producing a new form instance. A button requesting a new form instance is therefore
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instance with field values preserved. The copy contains the sanme hyperlink .
transaction IDs as the original, and so is indistinguishable fromthe
original to an application. A reset form-command 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 t he application has to be involved in producing a new form
i nst ance. tt on re a new forminstance is therefore NPX026-SG
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drawi ngs and si gitatus mge apmeais diphicdtdiorith field ivgjias atesehod, ricldwalpdy a pgitediat ur e
acconpani egl;; Q‘Mveafoﬁﬁ qu@éh@cl&fa&%bé&rs‘ o] s&é&a}dn&e&ﬁ%‘fceg%ﬁlk" and kelNBbddtsGas

verification. upl'i cate docunment conmand produces printed copy of the
cor r espondvasest GHC‘BI‘H%‘I"F?W‘”%S Fed signatares,grpesr Hahek Q’i‘%’ﬁ‘h@“‘? |“%‘P 8 S‘%‘ﬁ?“t?é‘%“’b‘?"é‘?é rved. |f
t he dOCUn'B:@TasﬁﬁHafd%td@Ecﬁﬂlyatihg){uﬁ&éssﬁilhgﬁuﬂe%ﬁcﬁhbm icate docurrent commnd

duplicates the fg ditics edocu P Al aal ¥ Lices&lprmte Eog?rf)[p Mo sngr%ﬂ]gdggg it

reset document corMRRAS BEHTE R e Ccorres
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cont ai NS aRYicht® t8Bment Bthahd\GupliGRE the Mymtsm&mnam&@ﬁﬁﬁ Sontnfagd doey. M8 i N

the sane way a reset form command does. et docunent, status co
produces £ ffF"lt qegert é?i’c"ﬂ‘"t“d BRdYRRa B‘E“}S"tdufé’*’yo‘f TERTEBIEE 68%6‘?‘}‘1 et Wﬁgﬂt
i nstance, ba¢kgloudi fegy vahleodipaablled ghed dotumemttvemaing anyweformg thent theireset documbrom it was

printed, an o i A e o the, SeLyer
comand' sq5 rﬂ(élrxll‘lmtsae g%'?ﬁegfg ?tlgbﬁl]t;%w% s(;ettqg'ghgon P‘Id h{:onﬁp’rgr% %%elﬁg }eﬁg on

command produces a prmted report on the status of the correspondmg document instance, including

who published it, when it was printed, for whom it was printed, and the status of any forms it contains.

If the page server command’s “on selected” attribute is set, then the command operates on
the page identified by the pen’s current selection rather than on the page containing the command.
This allows a menu of page server commands to be printed. If the target page doesn’t contain a page
server command element for the designated page server command, then the command is ignored.

An application can provide application-specific handling by embedding the relevant page
server command element in a hyperlinked group. The page server activates the hyperlink associated
with the hyperlinked group rather than executing the page server command.

A page server command element is hidden if its “hidden” attribute is set. A hidden
command element does not have an input zone on a page and so cannot be activated directly by a
user. It can, however, be activated via a page server command embedded in a different page, if that

page server command has its “on selected” attribute set.
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the page identified by the pen's current selection rather than on the page
containing the command. This allows a nenu of page server conmands to be
printed. If the target page doesn't contain a page server comuand el ement
for the designated page server comand, then the command is ignored. An
application can provide application-specific handling by enbedding the

rel evant page server conmand el enent in a hyperlinked group. The page
server activates the hyperlink associajed wth the hyperlinked group

rat her than executing the page server conmand. A page server conmmand
element is hidden if its "hidden" attribute is set. A hidden commuand

el enent do § not _have atl Lnput &gne on a page and so cannot be activated
directly by“a uSINDARG FRAT ESQEWEVEPE® be activated via a page server
comand enbeddedIs the arettiréd form ndachp@gpage is foritttrhwith thageragetogert bohvtemdohas its
"on sel ected’ r. byt - - ANRARR

NETPAGES Iiﬁa%aﬁezﬁ%rl{a?g rnrgtg%g%nodr %E%géc% %’% 8‘5“5}" ro?%rg%'ri nt ed ;ﬁé@%@?ﬁfcﬁt page
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interacti VﬁodﬂEé@B%éﬂﬁo@&e enliftSotD 88 @R Qasd6f Sse@fe BamRPYsucddtattieliRt orlcbupb@St cases
pressing the Iog?, ,grodu?es a co(gy of. the page. In the case of a form the
button prBatrteteligtsap Fplagyoy sl CATCFE SR And in the case of a secure
docunent, such aShadefault kiegle-page coyfamrtion i handled diratly by the rdeyammetpagpbagnat or y
rote or ARl $bidoR 30 Eiond BENARLAY i) AObE ARG, GOBMickdinct 1 on | S hand] ed
directly by the relevant netpage page server. Special copy functions are
handl ed byl-9i nki HEER HELP S¥¥EMbut t on to an application. 1.9 USER HELP SYSTEM
In a preferred epbodirRAtmbddBRnAL RAGE: RinteNhf b siRGS biiltos labeggbe Hawt.tvaten | abel | ed
"Hel p". When pressed it elicits a single page of information, including:
status of PFIALE c“éﬁ)ﬁ?%ecpta?eo"rﬁmfoélf‘%ﬁoﬁémg “Brinter consumables top-Ievel

hel p menu < docunsnts of prinet doomectivenu  t op- | evel net page network directory The
hel p nmenu provi ds‘?a%us%#?ﬁx@ﬁ%ﬁﬁﬂ%lfi&' manual on how to use the netpage system
The docunent function nmenu I ncludes the following functions: print a copy
of a docurtent tpr-lerlhedpmenBan copy of a form print the status of a
docunent A docun®Bimehidfietidn@itnh S i Nitiated by sinply pressing the button and

then touc h-l ng antXp-l%\?égr?etpage network directory

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

The document function menu includes the following functions:

. print a copy of a document
. print a clean copy of a form
. print the status of a document

A document function is initiated by simply pressing the button and then touching any page
of the document. The status of a document indicates who published it and when, to whom it was
delivered, and to whom and when it was subsequently submitted as a form.

The netpage network directory allows the user to navigate the hierarchy of publications
and services on the network. As an alternative, the user can call the netpage network “900” number
“yellow pages” and speak to a human operator. The operator can locate the desired document and
route it to the user’s printer. Depending on the document type, the publisher or the user pays the small
“yellow pages” service fee.

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

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

personalization mechanisms in the netpage system. Although news is often used in the limited sense
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of the docunment. The status of a docunent indicates who published it and
when, to whomit was delivered, and to whom and when it was subsequently
submtted as a form The netpage network directory allows the user to
navi gate the hierarchy of publications and services on the network As an
alternative, the user can call the netpage network "900" nunber "yell ow
pages" and speak to a human operator The operator can | ocate the desired
docunment and route it to the user’ jnter. Depending on the docunent
type, the publisher or the user pays t e small  "yel |l ow pages" service fee.
The hel p page is obV|oust unavallable if the printer is unable to print.
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freelance witer's colunn, a frie letin board, or the reader's own

e-mai | . Theelhat fragesrosaimi of apyiee gw\ﬁg?m%uﬁb&mdgﬂgt fie apgitgption 01 SPcficedi t ed
news pUbl | RabditRpSf RSs sﬁ/bahs] se&&ed dectBggiegadderDthe 8dveridlable pl act @instiSiga@@ans. By
handl i ng t he agg gjg%\ eri onaico o forrrattl ng of news streans sel ected
directly bYEPR a“ér ver e to place advertisi ng on pages
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and creating a personalized version of each ?F{Le resugéprllcg dall edi tions
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daily, while others appear weekly. The daily sections available from The New York Times online, for
example, include “Page One Plus”, “National”, “International”, “Opinion”, “Business”, “Arts/Living”,
“Technology”, and “Sports”. The set of available sections is specific to a publication, as is the default
subset.

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

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

The reader also optionally expresses a preference for a large number of shorter articles or

a small number of longer articles. Each article is ideally written (or edited) in both short and long
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For each publication, the reader optionally selects specific sections. Sone
sections appear daily, while others appear weekly. The daily sections

avai l abl e from The New York Tines online, for exanple, include "Page One
Plus", "National", "International", "Opinion", "Business", "Arts/Living",
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del i vered ctoﬁ?bm&;e fiekEV A Ren BHBSEIbDEh G 1Kk aﬁﬁl@@ﬂesﬁamlﬁgcg&%bﬂ %ll%@ﬁﬁddf ies a

serendi pi t actor, either qualitativel do or sur se ne),

or numer i cta theyyeadsg’s ﬁve@ﬁe%@%%d Aplifspent %E?P%P‘tyl f?f\%é FE e ﬁ'éec‘g#%%ﬂ% “(Tt o for

mat chi ng dugwéeg collaborative filteri ng A high factor makes it rmre

ITkely that the (I:Ee rI;:a%S rp ﬁs%%lpp o%al?yes%éciﬁ%s toplcs of par?lcuflar mte%gt within a section, and this
modifies the priorities assigned by the editors.

The speed of the reader’s Internet connection affects the quality at which images can be
delivered. The reader optionally specifies a preference for fewer images or smaller images or both. If
the number or size of images is not reduced, then images may be delivered at lower quality (i.e. at
lower resolution or with greater compression).

At a global level, the reader specifies how quantities, dates, times and monetary values are
localized. This involves specifying whether units are imperial or metric, a local timezone and time
format, and a local currency, and whether the localization consist of in situ translation or annotation.
These preferences are derived from the reader’s locality by default.

To reduce reading difficulties caused by poor eyesight, the reader optionally specifies a
global preference for a larger presentation. Both text and images are scaled accordingly, and less
information is accommodated on each page.

The language in which a news publication is published, and its corresponding text
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to the reader's specified capacity. A different serendipity factor can be
specified for different days of the week The reader also optionally
specifies topics of particular interest wwthin a section, and this

nodifies the priorities assigned by the editors. The speed of the reader’'s
I nternet connection affects the quality at which i nages can be delivered.
The reader optionally specifies a preference for fewer images or snaller

i mges or both. If the nunber or size 3of i mges is not reduced, then

i mges may be delivered at | ower quall%y (i.e. at lower resolution or with
greater conpression). At a global |evel, the reader speC|f| es how
quantities, dates, tinmes and nonetar vaI ue re i zed. . This jinvol ves
speci fyi ngeipfAshis /2 PERRFTYLCL Hie @ublisaion pad nopp p’i’?@fe?"le(?"pr%fsﬂdg’gélle 5 S HE tl%‘fnd time
format, angbiyagd gl cab bd doefifiyed taRevidshabhiek thihitidneasikds iatation ggsnsi st of in
S|tutrans tion erences are derived fromthe

r eader’ gal i tfgg ngmg&%F%LQﬂFgN}E[gﬁ%ggﬁgédl ng difficulties caused by poor
eyesi ght t he redtieperspalizatival dfyths editoridli eogteny diggtiypadfectp thef advatfing ®Benta | ar ger

present at i R, Bl dhidi@e ty?:@zﬁly I IBQGS eBidh (RCQUGIH SRR Haly Ldé; foPBEmpIE S
information is acconmmobd

on each ag The Iang ?gle \éym ch a news
publ i cat i oRoF dikghy el PREEE 2 BHE! jeption Uy PESHEHAT g2 e R Rﬁ’% EOEE! B2n
encodi ng, idSerﬁse%ﬂﬁEé’r&fMe efthd paBlispadflics thats heility erutirattOdrgeanupbef @radeevitodpr essed
by the user ver . the netpage systemcan be configured to provide
aut omat i c ?%’héneéﬁoé H'6% services in various guises. 2.2 ADVERTI SING
LOCALI ZATI ON ANDEFARGETIvNGsiThés pleqed onahs bastsi dnlogshityt 49d dseparappicsa | Logahifrt ent

directly ajfamhe &&&n%déée;{amcﬁﬂamer&&mr@mm etbemuwmaﬂxve&etds@aﬁtgcdnserﬁsypl cally
pl aced to exploit the editorial context. Travel nor e

Koy (o Hppaat vithihalor SBRCL SO R DB NG Bt 5 e
editorial genépiiond wallas lirey geidigenttetland therefore to the publisher) lies
inits ability tqQ attr o 3

denogr aphi cs. Ef ect’ 3%%%}1 ve{n?ﬁ?g%ﬁmgfwﬁ%gre onqrtéhe J;s% gﬁgf [tﬁeg{%nall ty and
denogr aphi ety detowrirefl by the dediestion’ ﬁa@grpwfmomrwy thepsizsof ity wefenhir.dis repled®,

retailers &B,ngphﬁglqnd}ﬁégag&aéa%amaﬁl&@Eﬁﬁ&rﬁs@nd concerns associ at ed wth the
| ocal community ang envi ronnen hi cs determ ne g?eneral terests

and preoccupat i e ﬁﬁp%f;ﬂs‘e’ﬁs&‘? P?f%ﬁgﬁ/g‘ébzigaﬁ‘&‘? P D ST PEPhE APRERE"p u‘bﬁll sher's
nost  pr of |duaémlslenap siodoiCd pubdicagiohv e pdldable adyettsipmerete oma pertsedtiond bmntskm.mmo entity
determ nedacchm LH)HQ] 1!) Csa éogrgph%: (Q)%(Q’gér’] a{ﬁg' Is&tl&l%VI%Jd@gﬁp, tﬁyﬁzesdfégchqgadértss
readership, Its r% ers enogr aphi cs ge area avail able for
adverti si rigetiop Pfhttoﬁe?a‘l‘f’i’éfaﬁggéd‘?}?%‘éﬂﬁop‘if% %Fﬁﬁ%&édeb&%'ﬂoéréﬁhiwon server conputes
t he approxi mat e MMdotnbarison with other media, the netpage system allows the advertising space to be

defined in greater detail, and allows smaller pieces of it to be sold separately. It therefore allows it'to
be sold at closer to its true value. ‘

For example, the same advertising “slot” can be sold in varying proportions to several
advertisers, with individual readers’ pages randomly receiving the advertisement of one advertiser or
another, overall preserving the proportion of space sold to each advertiser.

The netpage system allows advertising to be linked directly to detailed product
information and online purchasing. It therefore raises the intrinsic value of the advertising space.

Because personalization and localization are handled automatically by netpage publication
servers, an advertising aggregator can provide arbitrarily broad coverage of both geography and
demographics. The subsequent disaggregation is efficient because it is automatic. This makes it more
cost-effective for publishers to deal with advertising aggregators than to directly capture advertising.
Even though the advertising aggregator is taking a proportion of advertising revenue, publishers may
find the change profit-neutral because of the greater efficiency of aggregation. The advertising

aggregator acts as an intermediary between advertisers and publishers, and may place the same
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di rensi onal size of a publication's sal eabl e advertising space on a
per-section basis, taking into account the publication's geographic
coverage, the section's readership, the size of each reader's section
edition, each reader's advertising proportion, and each reader’'s
denographic. In conparison with other nedia, the netpage systemallows the
advertising space to be defined in greater detail, and allows snaller
pieces of it to be sold separately. It herefore allows it to be sold at
closer to its true value. For exanple,” the sane advertising "slot" can be
sold in varying proportions to several advertisers, wth individual

r eader s’ p‘_sges ran.dorrk¥ receiving the advertisenent of one advertiser or
anot her, AYEFEPToohPUEPPAYR% proportion of space sold to each
advertiser. The hétvpaleotny sheahphtdnewsn ackyesd publicagpnican Ygenord qulvplek tamradct |y to
detall ed RpOGNGE; uae%@n X Uysq,gdim QMRS RULENAS Lidlcaribbs J0GESE QL. a1 S€s
the intrinsic value of the advertising space. Because personalization and
| ocal i zat iTete enmplelaifkiledghonry thavir comitlexifiengf nggatiptiogebefiset ?‘g%ﬁ‘ﬁe@f?dW%r s, an
adverti si NderBABFCHa (abliskedd) thf QMR BfPbt thahbtbise RYRAOpEAKS I3GE addmaat h
geogr aphy an deggsgra hi ¢s. .The. subsequent di saq?glre(glati 0 irts. ef ficient
because i tFPET 0% Bt TeBOUaHefs !0 SUPROT IS SUioRYLY EFTR Y iV E"FBY BBl i shers
to deal wAdpnaduetstpasiculglyadgitdlgafootis rldvanent of diveisireyts ehioh wereragedsrailt | Si ng.
Bven thoughob e RINE! LplAHARULR0 Belfed SudBbhag, @ proportion of
advertising revenue, pu i'sher s y I nd the change profit-neutral because
of the greater ePfde@laeameyt hef besyypreetsied, tb?ﬁgg%raWPP‘g?dﬁﬁme aygrisgstior acts
as an i nt ehdRe:&VonRQLNRE Bd RENE Chir@SInSindy) thePuitses REJ &, theid GlabdR¥ntph @6€ t he
same NPX026- SG 34 ﬁg}ﬁer [ in multi ications. lt.is worth
noti ng t hdt'3Y J5iPATeRRNT

tisenme | e bl

19T, Seg eﬁer\& pAaghe Bﬁfﬁg?@ﬁ?@%ﬁn SERTHE B &R IFrex t han
ad pl acemendnalizad pubbicapenpit piclsttheaeit anttadwdisdneotn §bm o nrivags Pigever. because t he
publicatign s adygilPeskng space is nore conplex. \Wile ignoring the full
conpl exities of negotiations between advertisers, advertising aggregators
and publ i S®ts, Ipfaemptien BitedRg f or m of t he netpage system provi des sone
automat ed  supporte pbednali @R B AV Xld odtled BRcatidnd feli¢sGh BifasSoPip bf usér@pectlidt onat ed
auctions of advertisin Shace. Automation is particularly desirable for

t he pl acer?é‘ige‘?)ff’”“%‘i?e‘?&i’éngrrents whi ch generate small anounts of incone,
such as smal | ormpublicgioh yusloagzationged adverti senents. Once pl acenent has been
negoti ateq, the gagradakRingaRLW es and edits the advertisenment and
records it on a netpage ad Server. Correspondingly, the publisher records
the ad pl &cementow¥t4efés rel evant netpage publication server. \WWen the

net page publ i catptepdntali®ti pi@éredcays out each user's personalized publication,

IP'|[:2C]F;I| EE; tzhg I’le|| Vg}g}ﬁtﬁgg?\;t%{l}:‘:) | feien(%%%%tignr g)smt}:[pl?:%lyn }e)& 193%§n-s%gci 10? I’a\rll I’s'o al'e 3 USER

customization information is maintained by the relevant netpage publication server.

A collaborative filtering vector consists of the user’s ratings of a number of news items. It
is used to correlate different users’ interests for the purposes of making recommendations. Although
there are benefits to maintaining a single collaborative filtering vector independently of any particular
publication, there are two reasons why it is more practical to maintain a separate vector for each
publication: there is likely to be more overlap between the vectors of subscribers to the same
publication than between those of subscribers to different publications; and a publication is likely to
want to present its users’ collaborative ﬁiten'ng vectors as part of the value of its brand, not to be
found elsewhere. Collaborative filtering vectors are therefore also maintained by the relevant netpage
publication server.

Contact details, including name, strect 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
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The personalization of news and other publications relies on an assortnent
of user-specific profile information, including: publication

custom zations collaborative filtering vectors contact details
presentation preferences The custom zation of a publication is typically
publ i cation-specific, and so the custom zation information is maintained
by the rel evant netpage publication server. A collaborative filtering
vector consists of the user's ratings of a nunber of news itens. It s
used to correlate different users' interests for the purposes of naking
reconmendati ons. Although there are benefits to maintaining a single

col l aborative filterin ector independently of any particul ar

publ i cat i oﬂ"ba{af?gfl’émé?l%dq{’%s%f%ns why it is nore practical to maintain a
separate vect or fToe¢ loadizion qfathieitisiag iebies on thedocdity dibdtddan the wsor’ rentpah detailsyer | ap
bet ween t NGk Bidindlr SHRBHL IRRIoH pliChohifortE sudUDba SRl LehdiAhalRl Ween

t hose of su scribers to erent publications; and publication is likely
to want t vy iseERprafysgon, edupasion, erAupliatss darivaesrspqhaseee FP@ge\Fé‘él“W & part of
the val ue of Iht SF?F {8436l useR Ghho teBootEro réxﬁzﬂ%&s@hﬁ%ﬁﬁl fiéh fo%lvérﬁéﬁ@l‘pﬁfpbéée thel | teri ng
vectors are_therefore al so nt ai ne e releyvant ne e ubl.i cation
server. CofffoRpaioy &y Bppaned; Wnﬁﬁd‘flﬁ‘ﬁmn%% ° LpiiRlpn SY eléls %ﬁ%‘c&o &Nt ate,
country, tmfoeqmln@rnedvemu@@nsbp tapgeed gh dhio dbsistof thwalempgaphlamiow@ withi thetusprised by a
net page reﬂbgl;i@uémeserver Presentati on preferences, including those for
quantities ates and tines, are |likewi se NPX026-SG 35 gl obal and

mai nt ai ned in t hBakAME ReBPrinteh apnligpsian providsr apd epplicatipcis f‘ﬁs’ﬂ‘%dts 8P P t he

N SC ality i 1GQk1ﬁ<|§t 24 tHe Retbdpe rdgﬁﬁtwrs seﬁs@ﬂfhﬁﬁiﬁmﬂﬁé &iah&],shlps\MaMeﬁl thé’xle ast ﬁb'glefnl ng of
adverti si relje dinformation s ender,
marit al rs]ﬁ%l‘ﬁisn ?any ﬁgdehs %8{ TSRt o  PRERSteat %ﬁsr}m Tl S 1al @m% 1cfer(T(avat i ves

such as ag&om@ng@a@nulcatmwmpqcaﬂgeiofﬁmhcaPMSe users Wno choose to reveal

per sonal i nfor magjQQ.ef fo n"f’a%%&ﬂoﬁ!:e@% R AR Oafter ofﬂ?ﬁters'f&ﬂi Qﬁdr@@h'pﬂﬁteﬂ ay
mai nt ai ned by the relevant netp cglreli1 regi stration server t he absence of

such i nf AN ERGHmbE GRASHE (oSGl Eapses éaStaa?Fﬁ'é defapltppnter{at Gé)aé"i ‘%‘“"8@% gal
denogr aphi ﬁbl&ﬁﬁcﬁﬁ) hatdederadl b déﬂilﬂi N]Slﬁf pa@es phinfed on dethdrd 4re Golilered Ekathh piger , pen,

printer, C n rOV|de ni que
i dentifier, hd‘%i h& Su8 lsamteéacr gl setsef Fto atgacx%fev#h% 2&%{3%?&%% ae'tdl onshi ps

" between t Hemint @Esthsmvwﬂefanlt er!teguﬁf publishgr dOQSZlot @@f%ﬁ@@ﬁ’f anmmcplergir@l% 8et on
pur poses, lgsteg&;ggdh%p@gm Vshegltggg@hgl kind of application provider, and a
publication is aW%eF:)neacl: Iusaélr su scn es 808 tg Fzjilplu haégtllon 807, the publisher 806 (i.e. application
provider 803) is authorized to print to a specified printer or the user’s default printer. This
authorization can be revoked at any time by the user. Each user may 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 ID is used to locate the corresponding user profile maintained by a particular
netpage registration server, via the DNS in the usual way.‘

A Web terminal 809 can be authorized to print on a particular netpage printer, allowing
Web pages and netpage documents encountered during Web browsing to be conveniently printed on
the nearest netpage printer.

The netpage system can collect, on behalf of a printer provider, fees and commissions on
income earned through publications printed on the provider’s printers. Such income can include
advertising fees, click-through fees, e-commerce commissions, and transaction fees. If the printer is
owned by the user, then the user is the printer provider.

Each user also has a netpage account 820 which is used to accumulate micro-debits and

credits (such as those described in the preceding paragraph); contact details 815, including name,
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Each user 800 may be authorized to use any nunber of printers 802, and each
printer may allow any nunber of users to use it. Each user has a single
default printer (at 66), to which periodical publications are delivered by
defaul t, whilst pages printed on demand are delivered to the printer

t hrough which the user is interacting. The server keeps track of which
publ i shers a user has authorized to print to the user's default printer. A
publ i sher does not record the |ID of a% particular printer, but instead
resolves the ID when it is required. en a user subscribes 808 to a
publication 807, the publisher 806 (i. : application provider 803) is
authorized to print to a specrfredeg 1 he. use(rils de %)uclaltza r| nt er.
This aut PR liphoagrumens: el Pt et“ceérff f’ic g VPR LY K USer may
have severatingensy Gbiber bﬂbloﬁetﬁeﬁlecoﬂds sspemntanmng e esexeﬂ ergdded seature |818,a user
is authorized t paLLL [ r ni zes
any of theIZ nELR ?Slﬂégﬁsa t%g 'g‘qd pgrrlg qhtgé%}w;ﬂgqﬁa cat e hdeygggél? egglg?r%gr ng user
profile nmammamwedﬁcwynta&rmﬂttlwémwomﬁeﬁpaa’g‘eﬂtsr“é’g"es‘t“’rd%t| on server, via the
DNS i n theyysgual Fw,teﬁ,gqeb termnal 809 can be authorized to print on a

particul ar netpa inter, allown d net e doc ment s
encount ered duri %‘g“ UBSF GRS 61‘%32 ?g?fﬁ"ént “g‘sbr‘fs 5 utﬁe near est
net page pridheifage tebvrk) Thding & rﬁa)maixemby:ala syzscetnl a@ale, useTs bblellfalt fs qnéamaedms |ant er
provi der, [ ee o? golcg':r Sasplre errr d embodug ﬁl&cﬁrlg&gwﬁ Brtﬂ%%bs cmég!xﬂ ﬁ‘ﬂ

print ed onh“t'rﬁre pr ovi der ncone can i ncl ude advertr sr ng
fees, cli c4<1-through f ees, e com"rerce conmm ssions, and transaction fees. |f
the printesshs pwesyLRY the user, then the user is the printer provi der.

Each user al so has a netpage account which is ulg%dl{to accun | at e

- micro-debits andThepeign g hisory %329 B SR W D i S

par agr aph) docidk a€.tacddatdtyl the uBéJrEhrough] @ik biekpapgsysiend is ofuRNEP6-2 8¢ Q@ere@hﬁdr ess and

t el ephone nunbe | oba e By Mﬁ%ﬂ ng privacy, delivery and
Iocal i zati opnqbset 'r’otrar sentoyfw}t')JChITS er o Ea;s ML T C rercor ds 817, containing the

user's encaudled slNgﬁalGﬁN"eP@f&AYO‘iTr ngerprint 819 etc; a handwri t i ng nodel 819

automatical |y nairpd alped ;Jablhc'&tﬁlﬁ Wt Qﬁibmﬁiaﬂlysﬁilé oraamemescar ehcmas@uynt s 821
wi th which e-conmerce paynent %an he .ma VOr i tesmlﬂ'le t fyenet page

user can rR§FPRaEAeR p‘éPhFaitlg‘E °’9"2§’°t6’ln f“éf}??rliaflse gmce m‘fSt dR'er? BseT ocument s
etc. on thefonritpbgeangied wey de pladador thegtagd teforrethardidrinbunty. t he s ystem on the

user's behalf. | a%ve?tgsglgpeltx%q’g aaS§ e Eﬁﬁ‘eg%ﬁlfmlfdg"lv%ﬁé a(g/gxﬁsmgaramfsef errred
enbodi ment of whic S ass diagramin Figure 41, 3.3
Hi st or y Li (gltmdlwdual pages within the sectlon, and the ad layout algorithm exploits this. The algonthm 1s

configured to attempt 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 images and
graphics, is then laid out according to various aesthetic rules.

The entire process, including the selection of ads and the selection of editorial content,
must be iterated once the layout has converged, to attempt to more closely achieve the user’s stated
section size preference. The section size preference can, however, be matched on average over time,
allowing significant day-to-day variations.

25 DOCUMENT FORMAT

Once the document is laid out, it is encoded for efficient distribution and persistent storage
on the netpage network.

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

consists of the page layout. The shared information consists of the objects to which the page layout
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The systemmaintains a history list 929 on each user's behal f, containing
links to docunents etc. accessed by the user through the netpage system
It is organi zed as a date-ordered list,  a preferred enbodi nent of which is
shown in the class diagramin Figure 42. 2.4 | NTELLI GENT PACGE LAYOQUT The
net page publication server automatically |ays out the pages of each user's
personal i zed publication on a section-by-section basis. Since nost
advertisenents are in the formof pre-formatted rectangles, they are

pl aced on the page before the editorial content. The advertising ratio for
a section can be achieved wwth wldly varying advertising ratios on

i ndi vidual pages within the section, _and the ad | ayout algorithmexploits
this. The SFGIPIHImEITES EBRIS GRPIIe5 ]t t enpt to co-locate closely tied
editorial and adwedxt étfdctgnigionfuiyformagedodxt gprehtadin thg EsesiblefMarkup darfghazg
material s Kfically wthi i i e - Lal e fieat ure
on do- 1 1 - yASR SipE o BBl Sl EbleE RO RHAS pR e e o "t e
user, i nclfouiatige indspendentlyl of the arefoatiniel Whishn e éxbif geingyyeh Stick & his sasg Fi§i"Baj d out
accordi ng dr&idé@ bl HdSiaRES rhelekiCotlddd E%itaind BRLAMII 1hRudRE RERS %o erlabl€ btéthdlig t he

sel ection of ads and the sel ection of,s%%tori%% content, nust be iterated

once the |uiten Aoembeiderdpphsartion iynts oaid wit PYeerapl fA ¥ %8s el v achi eve t he
user's stated sagima@folgéc encpdee hrein@gcia.theNIREG 20U wayrletdaeed cpnedsed @nage can,

however, bfgrmﬁrrp‘échgh @i ﬁﬂnﬁcﬁ%e @%%Pog@[ﬁc Enl S88abl \%CJOPWaﬂgc %\gﬁ :ﬁc](nlngtant d ay- t o- day

vari ations. ce the docunent 1s lard out, it is
encoded for ef fi Ehedpyputdiselfqonsiststaf 8 serighef pregdsmage ant erabisrobiges ligisd tehEoHet page
networ k.  THaRcRilrb®@h Yonkh f1h:€ 1086Y HORCRABHISE 4§ itPle fis@Pay adsérded @ové,du@r Mat i on
specific to a sing]e ser's edition and . Eﬁéﬁgtigﬂﬁghamed begyqu

mul tipl e JEsFeeTk ggops Thsse layont oWRAL TP FERRFS Raf on | EoRSI'STE LIRS page

| ayout . ThHematsaitabld fir efficienvaistiibnios adsiosgs of the objects to which the page

| ayout NPX026-SG 37 refers, including inmges, graphics, and pieces of
text. A text object contains fully-formatted text represented in the

Ext ensi bl e Markup Language (XM.) 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
provi ded by the | ayout. The text object contains enbedded | anguage codes to.
enabl e automatic translation, and enbedded hyphenation hints to aid with
paragraph formatting. An imge object encodes an imge in the JPEG 2000
wavel et - based conpressed inage format. A graphic object encodes a 2D
graphic in Scal able Vector G aphics (SVG fornat.
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The |l ayout itself consists of a series of placed i nage and graphi c objects,
| inked textflow objects through which text objects flow, hyperlinks and

i nput fields as described above, and watermark regions. These |-ayout
objects are sunmarized in Table 3. The | ayout uses a conpact fornat
suitable for efficient distribution and storage. NPX026-SG 38 Table 3 -
net page | ayout objects Layout Attribute Format of object |inked object

| mage Position |Image object 1D PEG 200 Graphic Position G aphic object ID
VG extflow extflow ID Zone Optional Text object 1D <M./ XSL Hyperlink
Type Zone pplication ID, etc. Field Type Meaning one atermark Zone 2.6
DOCUVENT DI STRI BUTI ON As descri bed above, for purposes of efficient

di stribution and persistent storage on the netpage network, a

user - specﬂabdze:pangapégmymdutbbjestspar at ed fromthe shared objects to which it
refers. 0 be distributed, the

net page pub |’%Vatu| on serve’?tr% %cat es J?’H"‘fﬁe hel p of the netpage ID
server 12, aOQNFQUe I D for each page| lid@gd objest apnce, docunent, and

docunent iH]% gnce B ger ver—conputes—a-set—of—ppti m zed subsets of the
shared content and |creates a multicast channel for each subset, and then

tags each |user-speqiaoeobiegidit with PAECAPes of [the nulticast channels
whi ch wi | |IGEaHEY [ TBoskidRT €0 _content [ISed Dy That | ayout. The server then

poi ntcastg each us g : finter via the appropriate
page server, and wieRPRREOESIAt casti RYCis conpl pte, nulticasts the shared
cont ent onrexiiewspedrdxtfied IBhannel s. After receivipg its pointcast, each

Zone B
Optional text object ID XML/XSL
Hyperlink Type -

Zone -

Application ID, etc. -

Field Type ' -

Meaning -

Zone -

\Watermark |Zone =

2.6 DOCUMENT DISTRIBUTION

As described above, for purposes of efficient distribution and persistent storage on the
netpage network, a user-specific page layout is separated from the shared objects to which it refers.

When a subscribed publication is ready to be distributed, the netpage publication server
allocates, with the help of the ﬁetpage 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
by its page layouts. The page servers persistently archive the received page layouts and shared
content.
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page server and printer subscribes to the nulticast channels specified in
the page layouts. During the nulticasts, each page server and printer
extracts fromthe nmulticast streans those objects referred to by its page
| ayouts. The page servers persistently archive the received page |ayouts
and shared content. NPX026-SG 39 Once a printer has received all the

obj ects to which its page |ayouts refer, the printer re creates the

ful l y-popul ated | ayout and then rasterlges and prints it. Under normal
circunstances, the printer prints pages faster than they can be delivered.
Assum ng a quarter of each page is covered with images, the average page
has a size of less than rinter therefore hold jn excess of
100 such pages |n8’?°?§p’i“ﬁ?r P& e"’%%%ﬁ%%fs)}o whi ’Itscﬂﬂﬁ%lﬁyqf‘tﬁfefet’e‘l‘&‘lﬂ“ KBF ¥ buffers
etc. The prieatsshe fplivimpgataitlayautraad enodstediree adagats per second. This is

equi valent to 40 . C S
simlar to the hig es{mlzaggﬁé%{ng}%%sr g’? %“’R?f%g‘a‘gggggatpa gtgrdtz‘% tR%S:?/n %{lae?beréd

br oadband AemRIe e, e WeltRiee BisAGFadatith dinjeey thstageese Pagedyt hsigssofipse ian he
printer ruBgoKBItThOprink BAYI therdfbre hdld lid b@LsY of toba&chtpla@s USRY intd¥nd1 l64MB rRBlA, L O

repl eni sh tl?&%:qger su%é%bef or_ﬁ]Ft hegprl nter's 100- page |nt erpal . storage
capacity i &% feBpen SFefte 19 PIRE B 8,7 © ﬂ‘[‘ee? %Per yEdes fill
up, then t agivplkentné 0KRiot dbolzdMbit abypage dat pensadoed, ibieh Bfsinalantol the hl@l&Sttexphb’taﬂ it
fast occur I ver therefore allows printers to
subm t reqzaées%g&?w%g%gyu(ﬁ'%cdé%?%w%\h@ga critical nunber of requests is
recei ved or a ti ri¥eninder genetpaboircppgianess syclias when the|printerauns suttofipaperoif is kgbondi ng
shared obj e&te ustGR baamm R 108 pdpérl stiifpBhefors thY pridlePs 1003AzNK@EA GBrag) eXxact
duplicate at an q retrieving its page |ayouts and contents fromthe
rel evant p&ﬁ%“%}élﬁy@?ste 2.7 ON-DEMAND DOCUMENTS When a net page document is
request ed on dendhdever, tif thaprinkes pensbmeidry éas 6ih dp, deh itheeriater Wil be mablatd he same
way as a pgieQd &almuumw%% it firs? lo&ﬁ@ ﬁ@ﬁ&,ﬁ‘agé bﬁ&txéﬂ@fv&%&&&% A3y prilfed VEry 1S
made directly to the requestin rinter w he use o H’lcast When
a non- net pRqubHHEgrreh forirempléensie SWaey 2otitierd st of teayests figecefyet eohiibsored, and
it is del wﬁﬁmsm@reamd&sstgaa&o&ekpaﬁh@a@&dﬁlgéctﬁatti ng server which reformats

it as a net page q}%ce a oc nt is Eegag nnte(I)'rcgnat tcliurclsg S%{a\c{teguf)fératﬁ,af Etrp eabsyer ver

_instance of a netpage u | Sat'ion BV FRECRHE
has know erstgevmﬁswagwl@ugsalﬂdlt@t@ﬂ@ﬁomd@mmmtpafgmmts i ncl udi ng Adobe s

Por t abl e Wﬁumnbn-ﬁﬁ{m%&ﬁﬁ}s and Hypertext Markup Language (HTM.). In
the case of HTM can nake use of the hi gher resolution of the printed

page to present V@ﬁn patRege dorpmgnitieties e o o ke Pefpraied anddpiivered b
contents. mﬁchmmumm i paloliiyali P@teudl csirth kheddlib npaged cohiténg Qklivrylis Alked to the

requested &f gﬁy to tEQ reequl'clcs g 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 Internet document, no matter what its origin and format. It hides
knowledge of different document formats from both the netpage printer and the netpage page server,

and hides knowledge of the netpage system from Web servers.
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can tune this behavior via a preference. The netpage formatting server
makes standard net page behavior, including interactivity and persistence,
avai l abl e on any Internet docunent, no matter what its origin and fornat.
It hides know edge of different docunent formats from both the netpage
printer and the netpage page server, and hides know edge of the netpage
system from Wb servers. NPX026-SG 40 3 SECURITY 3.1 CRYPTOGRAPHY
Cryptography is used to protect sensitiye information, both in storage and
intransit, and to authenticate parties to a transaction. There are two
cl asses of cryptography in w despread use: secret- key cryptography and
publ i c- key crypt qgr, . The net page network uses both cl asses of
cryptograpﬁy. Secret-Key cryptography, also referred to as synmetric
crypt ogr apByl, us&RYPIOSRARMYE key to encrypt and decrypt a nessage. Two
parties wishing tQueXCHaNIRd® SRALESnsINS infolhaiSe, bth [ MIAEe &nfl in HEGULELY

exchange the secret Key.” Public-key cryptography, also referred to as
asymet ri c2Wheptseie gIrugs iR rageetiont Thyre s fivp ¢laee o crrrigerphyTin @videsiisad wsp sodste

mat hemat i Crdyl drypt@rphednd Publd&By &rypRyraplyatThél My piFe SThMdek QRS YO 8EssesUst N one
key can onIc t(g)ea1 gecrypt ed using the other key. One of these keys is then
publ i shed, iH&®Y the other is kept private. The public key is used to
encrypt any nessagectken apthedpyoslsc riferrddad deymmdirict dn@togppliyyatsehdsanye keRc e
encrypt ed YsiRGnh M BlnlesaleS ¥wo PaAESHRAHE QoKL YneldGo e GGL L %dangﬁ Ing the

private key. Thus two parties can securely exchange nessages w thout first
havi ng to BREMaFGEe teserdfeykey. To ensure that the private key is secure,
it is normal for piiekiiolk8pberathyt BRo Referal & KeMsyhime@ie NEYdgaphy Qisesk B3 pai r .
Publ i c- key_cryptograph an be ed.tq c te digital signature. The

hol der of tH tg’?? 5‘?12’ © x'ﬁog?yscaé?\m%ree’%flgﬂém age \}\%s“%‘a%ﬁg'otéa?ﬁny egsg%legegcrgﬁﬁl t hen
encrypt t heinkasshkey sinrpglytbh deopiied atine kegther Aeyy Oneof tparkeytie tomblished, whitt  t he
encrypted hash %@@%rpﬁ&a%t % hIR keydis q&at%&%pt QSJ &E@@&L&@{ fofthe hdifer fHielevat e key

y

with respect to that particul ar’ nessage ecrypting the encrypted hash
usi ng t he PP kY- Ry uRated Biinerdg prylic keper Praee G 9in e deprpied Hsiag Sy arivalef ¢ he
si gnat ur e leg Tapp@nt @atestcan dehi@elyBskagmestais Rvithdvefiavipd ©Rkch@ige § feeret RS Sage
can verify.both . 5SS LS. .genuin that it has not en
altered i nTOteggélﬁestlg{]%}ef}&ba?realgﬁsﬁg%% CHEP agtof/%? %g?eéﬁ t)%e i ?‘eyttﬁ erngraﬁghs? to be a
way to di derpdut e public keys which prevents inpersonation. This is

nornal |y done uspublckelclyblobbtl 8 LML 6idatefaiafzfll Sip@itkd) @hd Hold&Sf théprivate
certificate authori %X i af‘% tfrusted t(kin rd part ich authentjcates the
connect i o hEP\RERR X PHIPT L R &7ss2ghifgd SEhasRR: e haghtsing (e Proygickek fB9) cat e
aut hori ty ceethenf vegfy thattbe qnenystaitiash dodseinids thy “dippateosastitirihnigeriofitaerprivhiy 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
purposes.
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docunents, 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

hi gh 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 nost transaction environnments, public-key
cryptography is only used to create digjtal signatures and to securely
exchange secret session keys. Secret-key cryptography is used for all other
pur poses. NPX026-SG 41 1In the follomﬁng di scussi on, when reference is nade

to the securetrqn n‘its i an i nf or nbetvvenanetglag% rinter anda
%Ir Oﬁo gl cusswn ﬁ’ ?n lie €rence 1S a e tO € Sé FI’EIIIISS on Of
server, what actual a'B‘pge1 t ha e pri nt a| ns e server'

certifi cat aformaliohbetvéer anapnge prnmrbxkd T efver what ectvtaby hdneenseﬂtat thé privtee oldzitshor i | ty,
uses the pyp Lelr\%r L(ge}‘tlﬁcﬁé( qmﬁe,rag&tekﬁm Reddi6e 6 Bl bidifhaRbANS, BXCHERBR: @ySecr et

session key w he server, and then uses the secret session key to

encr ypt th@cwegesls?gén e peatificae %@@#aaw KBeret B3iop K Wit hotsrvers A theppees e

arbi traril gcreSdaQioh kéyl th @hdryFEihe BesdagdlddiR AGRssBRINT ERdShtbiRlcdnhalzamhurbekipage
printer |sh$§#eglaeed a pair of unique identifiers at tine of manufacture
which are®$ inread-only nenory in the printer and in the netpage
regi strati ®@ ser WerPAdBPBNTERSBECTRIEY first 1D 62 is public and uniquely
identifies the prhdleh,Q tam&té}qs Ags;%,mgsammwelsdmm% 2 BEOnahificke WRG €t and
is used when the printer 1s first registered on the network, Wen_the
printer cotinEedinradpHempRaiRdle ATBEVRSH I thagleiPiaq Eefsiration seryenetags. dpe first

i ESt al | atimne2 i E)ubhE haﬂainﬂlaelﬁldsﬂtg&awﬁmeprjbmb ﬁétﬁyﬁé Ml @k KBy sd@idID id decrbtr ansmi t's
the secret IDa t ure to the netpage regl stration
server. Th"éldésulS Penctgn‘%geélggfshrggl’swécroéltthe a%al nst the printer's secret ID
recorded in itsWhat &basesr cangota pcibpbapagheetwodgfos the dirst Gme after frisiallafifds itmat ch.

It then C&@@ﬁ&%@ﬂ@:ﬁhﬂfa&m&t&@y Panf ft G Riits HORLAHTD ROnd JA61UE} REB&y  aRUbl i ¢ 1D
and public si , and Sstores the certificate in the registration

dat abase. @Wégeﬁ%&%a@é swgﬂéf FeRfer opPYEy theeveorg dp asaipst the poRierS seeret A B ddhor ity
for net page ipdauital &nd a&eﬁemelréglsuhta»s iBE BB SnatoD. 15 @€ Etatds RhDSiER icarfificatel Ow ng
it to verif i d,ent ty user suybscr t I, i on,
record is c%{e'R‘tn%ghl ’ﬁmiteﬁé pﬁlelfc Iél)gémdr3 léb?lgtsllga?“fr%ney’slelégg’?esélgta glségeueélﬁ Jori zi ng
t he publ i sheistratien datetiapt t he publication to the user's default printer or a

specified printefye xﬁ%f)g%e}feé#s@&mmer 280 ol LrtificalRl dufBbiBY fo hdpaBe RAGE, SREREr 1S
addressed to a gartl C

and is_sighe e publisher using the
publ i sher' has 35P95%/9 t""’é’%’i“@ﬁ"&‘f‘ﬁﬁ@°¥¥‘§%‘”"]‘ﬁ% ﬁﬁ‘g%‘ ‘gétf%er verifies, via the
regi stration dat a/thaseuset fubdcribdago ppidllicsibera re@rdaiscleaed nait xteq:’a@erbglsnetmnt he
publ i cati on 10y, %gr ﬁ% B puttSer to m?thgg&!oﬁma%@{ %ethe YRFd ddefiR pliRlG Slagnature

usi ng the pu 1S ey, bt al ne rom-t
specified printer. Every document sentto a prmter via a page server 1s 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, obtainéd 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

number of pens. A pen communicates with a printer via a radio frequency signal whenever it is within

NPX026-SG



publisher's certificate stored in the registration database. The netpage
regi stration server accepts requests to add printing authorizations to the
dat abase, so long as those requests are initiated via a pen registered to
the printer. 3.3 NETPAGE PEN SECURI TY Each net page pen is assigned a uni que
identifier at tinme of manufacture which is stored in read-only nenory in
the pen and in the netpage registration server database. The pen ID 61
uniquely identifies the pen on the nef page net wor k. A net page pen can
"know"' a number of netpage printers, and a printer can "know' a number of
pens. A pen conmunicates with a pr| nter via a radio frequency signal
whenever it is within NPX026 S ran e of Lnte ce en and
printer arBeeyite By Onfhayert l?l“ﬁltf’rl e & Etﬁrﬁﬁg‘éysr%%%%ﬁxc{?@%e Sessmf?\%e’ﬁever t he
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supposed to Know t for exanple ause
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registration procedure. |f th inter isn't rre%et to km@l’\{h tdpl then it
€

agrees Wi tﬁg‘ftﬁﬁonﬁﬁ?fecf“be f(j}f‘?d’fi@te“ “t “ﬁ’ﬁ‘ft 9 knpy the pej, B it parecy A%Fgi ng
cup, at whitahil the pad id flacedin b tlatesm cth e wheed isib nantla@mthpreg@teadmreocedum addl tionto
(LS public 1D e M%E%@,wﬁ) the B8 S ALk A EXGNANLR EY The MRk RMs L X Change

key is also recor regli stration server ‘dat abase at tine of
manuf act urkey iDalsd rrgerdqdeigjtet ?‘“’&{ageo’f?gmtfal‘i@l pravst dptaatengt tigoej of snapdsstrp ugng he
printer, aRgstais, Meiphl RdnsrhitsaR A 15 tof theprip@n athE@nﬁtaeransﬁats pagen Iegitst r at i on
server. The server %ienerat ig a_session key.f I,orglep%tgrter and pen to use,
and  secur®fRIe PHIEHI €V he BEE HATKEY © s‘°f1 {5F g Papter 49 PR} 1 05% Mg i ts a
copy of thsectseessmnemtskleyses&mwm @dpnnmrtlhaltwampetﬁhsopkeglﬂles@esiva#f@eenkfwed The
printer %etﬁe eE"@ ka'?&éfa&@ k}:‘}ﬁi(hel g Mslt%1seésx@g%%ger;x%ﬂy,tﬂ@xeﬂgﬁthé £ p2Nd

transmts t he enc%éeeted session key to the pe The pen storeé{ the sessi on
key i nt er il Epsmityfieseerptodypssion &eydp i pe Thagen ?—(P‘Fﬁ'ﬁ%ﬁ??“’é kR nneEs

| mper sonatwy ag peiger Nt he pen registration protocol, only a real pen can
decrypt t he SeSSAR{P khe:}/fa erp%'rrll gaarp tl;[exesgn Q:ya.pteltI 1% :pxpﬁt ? gu*a 134%:%?00@1 Qﬁ}ea Hé:l

unregl st ered pen 1's I rs ere use Untl
| i nked can decrypt the session key transnutted by the prmter

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.

34 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.

The “watermark” printing process uses an alternative dither matrix in specified
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to a user. A registered but "un-owned" pen is only allowed to be used to
request and fill in netpage wuser and pen registration fornms, 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 perfornmance constraints in the pen. 3.4
SECURE DOCUMENTS The net page system supports the delivery of secure
docunents such as tickets and coupons,,, The netpage printer includes a
facility to print watermarks, but will "only do so on request from

publ i shers who are suitably authorized. The publisher indicates its
authority to print wate rks_in 'tﬁ certificate, which the printer is
abl e to aut"HEATATCdPEons e paﬁ%tBé‘ikf’r%'L’?f PIPY SRPPIA U SRAEE FAGrTR T onsa%mglr native
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bionetric . information with the netpage re.gi stratiqQn server, as described
in Section™ Wfb‘ﬁﬁﬁeé‘gﬁ?ﬁeé??‘sw'f’ﬁseﬁgégsc‘ﬁ?cg Wt %eéi‘g%‘ document, the recipient
can verify its aWMbaeptientd with Dyecurenprest domgnent the sdcmicatsear verifihis aygentitityway. The
uni que 1D re(ﬁles?iﬁé: ] s%aélg% HaGRG \’Va§' %l u)gqueahj (q” afsggmetc{&@tunellﬂ i_g gﬂli' Vid o dehe
docunent, and secure docunent |Ds are allocated non-contiguously to prevent
their preiptene B hesipeugspotnd serustdoener e pe 2llgatebpqireantigbrushiimerexyirthels cat i on
pen can bepréviel @R@Q%rﬂ&iﬂ'&tﬁ fbrgédrd. D\-seéufbdcfoaﬁhﬁbtaﬁﬁﬁcﬁﬁbn\peﬁ éahibeaavblepwfma? buike, to
support eas oi.nt-of -presentation docunent. verjficatiaon. arly neither
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docunent Verd fheAlindY provREh slehilbAl dbéadls Qs ¥Rkdy! ORRL UMANRE RerifR4Y des an
added | evel of security where it is needed, but is still not entirely

i mmune to Hag&c@g}yl uéigg_ a Yje}'igcaﬂmepzmrawla@qd level of security where it is needed, but 1s still

not entirely immune to forgeries.

35 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

certificates containing their public signature keys. The certificate authority verifies a cardholder’s
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In the netpage system forns submtted by users are delivered reliably to
forms handlers and are persistently archived on netpage page servers. It
is therefore inpossible for recipients to repudiate delivery. E-comrerce
paynents nade through the system as described in Section 4, are also

i npossi ble for the payee to repudiate. 4 ELECTRONI C COUWERCE MODEL 4.1
SECURE ELECTRONI C TRANSACTI ON ( SET) The net page system uses the Secure

El ectroni ¢ Transaction (SET) systemas,,one of its payment systens. SET,
havi ng been devel oped by Master Card anél1 Visa, is organized around paynent
cards, and this is reflected |n t he term nol ogy. However, nuch of the
systemis i ndependent t he e of accounts._ bein

car dhol der@glﬁﬁg‘mﬁg?ﬁ%‘ﬁ‘ ‘Qe ?‘aé‘b’issél A & RHPHG a&‘@ﬁ“ﬁf’ T8 Charétlftr 5 #r fﬁ v E%t%ﬂ are

i ssued W tith tbesckpifer asadpeeprcaan(:adhaldnxg atdmeérehagsl fibre thes irgprative e viteymatufhe
certificat r ration
details wt lgﬁsas%uge%é%rtpc{ful Cgé%}jtérse gﬁepg%%}]g]?%eéa%&?%/%rg?at‘fgiﬁged%?%hﬁa%t S
regi strat i 2hentistied mechawaeqfatdh@dea@qﬂfp pthenticate Hispbeth iq the RBYMEEFNEY- der s and

merchants store E@ﬁiﬁa{s n&%r&nﬁéhtdd&;ﬁedmlaelﬁp&uysue@m@tcwdmaekeyﬁtexeeeuf&Iyyanan their
conput ers. ring the ocess, ese tifi cates are used to

nut ual | y ﬁ%f‘?é?ﬁt‘f c°§‘ﬂséierﬁgg’§$d8'ﬁ§'ﬁet Iﬁtﬁ?fncsg ?’ a3 1gr { i %4t e them
bot h t o t hertifieafeseni segat aadgiye thShidhblds ages vyepasbmdﬁmo@wldsmed@bfy% partly
because cajfslhol dggy gmw{&e{nance of keys and certificates is considered

burdensone. I nterimsoluti ons which mai ntain cardhol der keys and
certificates on & tBeeipage suyrin §f JUPeEhELiNBHAUHEV Pt Actrrey 0 tBe %PpRdsSfor d have

net with s(pmew%%,nsngpgyngg}&wgms In the netpage systemthe netpage

regi stration seryer acts as en

cardhol der) in SEf ‘ﬁ'ﬁ?ﬁ?ﬁﬁfemt"ls%?ﬁ’ ﬁC%‘ﬂg‘“‘Eﬁ'ﬁﬁ‘@‘eﬁ‘ét“ﬁ%&“ y%‘g’g Zéﬁbﬂgaevme% ometrics
t 0 aut hentBecaubeethd dagentiis e¢n-tased, tBeitidneiricag:d Sihe @wmneselgna@e@@u!;@gtotien%yst emis
pen- based, a{yyl 894 OB ahFprbkS 6 Al rp&t H9i8iriScal) sasA Beieably SRRMNE SringbBRR| St Ng

of tinme- pen position and pressure. fingerprint bionetric can
al so be u§é‘é°‘b§?t°éh§§ng Althqpehzpt ?P‘ﬁ'ﬁfé?‘}ﬁ‘r F?ﬁfypesoéh@e?mf W%Ofthh%ffeﬁeﬁe apgfiugh at a
hi gher CO&ﬁeblc;Bkk&ctﬂ()ptﬁeﬁfhokﬁaﬁéfﬁ%ﬁebtﬁoﬁiﬁﬁsjst@m y affects the capture of the
bi onetric, not t faut hor i zatl

fi t t
being abi & {0 mabk LI HAVBRYL Epo agtpt iy RESLER v frabfd I, 1

s Iometric with
t he net page mepgiestaistttion nerseerliherls dcﬂihmsa qostrqﬂmvmmmantcfe!mxmmk? gbpolo Wikt onnent

for exanpltﬁe Bo@RKoan wggpﬁlredtahﬁle Rl Ehd 4 Ath&QE} B8enfBRY Wrigeh. ahe bibBerSARE ti NME
as the user's identity is verified. The biometric is _captured and stored

in the redrRErdand gred i thaamsrationidaipbase, finked jodbe pes s oo TS Hofr s Fplostaalyip

phot ogr aphisb Soptionally captured and linked to the record. The SET cardholder reg}stratlon 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 MICRO-PAYMENTS

The netpage system includes a mechanism for micro-payments, to allow the user to be
conveniently charged for printing low-cost documents on demand and for copying copyright
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.

When the user registers for e-commerce, a network account is established which
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al so optionally captured and |linked to the record. The SET cardhol der

regi stration process is conpleted, and the resulting private signature key
and certificate are stored in the database. The wuser's paynent card
information is also stored, giving the netpage registration server enough
information to act as the user's proxy in any SET paynent transaction. Wen
the user eventually supplies the bionetric to conplete a paynent, for
exanpl e by si.gning a netpage order foz{m the printer securely transmts
the order information, the pen ID and the bionetric data to the netpage
regi stration server. The server verifies the biometric with respect to the
user identified té;;cthe F}Esh D and.fromthen on cts.as the ugeetlies proxy in
conpl et i ngeERegEero- ?f‘sﬁﬁéeé‘t%‘fef(%ﬁtateﬂ‘eg Wadﬁ@af’,&WE S¥HRe net page
syst em i ncéutstiedingiebitipharugn thotandircpagmpayebatsy, to all ow the user to be
conveni ently Cha'i“geegnxfog(racc}?)[lrlt @&n‘ b@gxténg&f 5 g%igeggf)gl”m{m? fegﬁo%xqmqm aiuenf or

copyi ng copyri ght ocunent s posSsi so to allowthe user to be
r ei mbur s edwdubtalse pibesiisels prasenipd tethe Yspr “pﬁ*‘?f?ﬂ?ﬁfgndl%@é?atein@}t%g material. The
latter depgpds ofrinadgcidiéel of subsidy already provided to the user. \Wen

the user registers for econmmerce, a netv\o{ﬂ] a]efcount Z est 1catlosg% eV\:hI ch
NPX026- SG 45  agdPetitas s iepags i hPRicuprapPiraten cpuerkityePIs™%f 5*8%ent on a
regul ar basiefbedanSereRbifis &inhdcﬁonHD)BS ot pdgarfuibsaguea diput thioedhaiegegeUs iapggdt he

standard Ske) r{Ec“transrﬁ%Q ﬁﬁ‘ Eca{?&lt M@l%ébgaﬁ%fé QP& blgf?‘E}l JBSroFﬂ(c&e%gtg&i ok fhe

aggregat e Subscri ption ees peri o d al so otherw se be
present ed use’stidppt. user in the form of indivi dual statements 4.4

TRANSACTI ONS Wheqyngh Hpfe Bco(t@%@@h% pagd"%@ﬁig Qotl d@er@pel@iﬁt’: tHoGeheR theapflichtidat i on
context, the application i C|f|ctdg}£ls ction ID

oo™ o} he mLBE e g e NG BRI AGTh e HAGLERRRE dhble'iARCRGH O
transact i aom Dpre-ptidled davlog papk itc the heris visud Hbomping catsl Eo mrgtefésttealbflrls phvagy;

appr opri ate CONtE¥kiqle Qe fﬂ”'&") H&% e néq%gyéystem%& divRLH o ApEMEShs [THsGigh @ page

which is not user-specir omever l'ication nust use the user's
uni que | demevent 91%@@3&%%@ BRViderc i ey, cos&telf% Fé%ﬂde%%(ﬁﬁt“eult‘ﬁ%ﬁhma addi ng
itens framaa pre-printed catal og page to the user's virtual "shopping

cart". To protect, the user vever t he unj S L]0, 60 known
to the netpage s trng‘%esre%‘lsgfm"glsﬁrﬁr astred 51313pm”7|caf’?y31r?‘§s re%ﬁt%%}ﬁlﬁ Eertvteop pr event

di f f er ent waqyphd awapplicatiopyioyinipe glias Hibﬁﬁ, escbovinyin Eigre 2. Mpnsger i depeetiten e I y
accunmul at %gpeplﬁlﬁl%\é QNith the d@gxgterec-lr hlﬁnlﬂxg m@gépa%@ﬂa'gcs {evat dsRNheSRIpYR rreg'nsﬁ&foﬁ ad

mai nt ai ns an anonynous rel ationsh I E)et ween user %nq an aglfasg)gl on via
C

a uni que aPVHde Fslgsthe és§°°$aFF6\f\‘PPl’F"r?°'Ff%ﬁ‘t’ toedther “’Wt@ﬁ@ 4 higloF8 vates a
The alias ID is then submitted to the hyperlink’s application.

The application maintains state information indexed by alias ID, and is able to retrieve
user-specific state information without knowledge of the global identity of the user.

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

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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hyperlink tagged with the "regi stered" attribute, the netpage page server
asks the netpage registration server to translate the associated
application ID 64, together with the pen ID 61, into an alias I'D 65. The
alias IDis then submtted to the hyperlink's application. The application
mai ntains state information indexed by alias ID, and is able to retrieve
user-specific state information w thout know edge of the gl obal identity of
the user. The system al so mai ntai ns an i ndependent certificate and private
signature key for each of a user's applications, to allowit to sign
application transactions on behalf of the user using only
application-specific information. To assist the systemin routing product
bar code (¥PC) "%WH?‘?'%%ER'QE?NWP|E8HER,'G*lThe system records a favorite
application on bepafefredeinbbdigenustearesbudde desaniption plise diagyrim pslodu otFiguyedds. Each
appl i cation i's 3530l aGe Wb AR ARRY heRM BN B bidfto reditth iRt M
maintains an account on behalt of ea application provider, to allowit
to credit 84h®&espuios desarindony psgieduplief Gare wtpdafa-clompgt seighidhdedssigned to fgfitate

appl i cat i QReREY Vs G@N relfircds. AdBlid TR mGhdaReénRehsCRl the Whgar Wardwewnt ent .
The system records the user's willin g{:@ﬁgto recei ve the subscri bed

publ i cat i &RnsoRumXPE) Resousep Resgrintian Frame hcy  of publication. NPX026- SG
46 4.5 RESOURCEA RESEGRUEIONENANDODRYRS dtiersQ20Thé aspagocbyaerbathmaently of a
resource description.class diags i DL 40 .« Each docunent
and contenfnsc%sjcgpc?'f‘&rtrgfls%%ﬁ%%%?‘lg%g%k%?%ggﬁémgr &n"gr(%yfﬁggtscou?née descriptions
842. Reso@rce deGMMUNICATONS RROZOGME Dubl i n Core net adata el enent set, which
is designed to fARginduh@dins ;ﬁ'(it&:@pdéﬁﬁe){ aPérd @LE&EHARIE mELFAeHOS . entideb i N Cor e
nmet adata conforns to the Wrld Wde Wb Oonsorttlj um %ﬁ% I§esqur1(§(?0
Descri pti 81 TePRETSTET) SPRIFYeR 2 PPEsHIFERd STF PBroh SHaY T HEHTIV° 19 ght s
hol der s 92ébperdtiiely herkip agein®siod With tht aambeé systbthy  transfers copyright fees
fromusers to right ; PLd e QYL A v ReSidtizonfl
COVMUNI CATI ONS P%h&hrgﬁ%%léqg\l@gym%%yﬁ%{%ns |§_r ofoco, defines an o?o_criler ed
exchange @imenyionsnped tohyeprogee megsage foweapd theryertict] dirpratippaig ased J& FepIontdife t i es
such as DQEbli, en@t&iiﬂ{eﬁf@sﬁnt%@ & REMBleScobthihing Sﬁ zﬁ;ﬁseﬁm@fmi@e&nh Reetip oslaaol S t 0
cooperatively handl e user interaction. wt e. e system FE

prot ocol {&" qn"“ﬁﬂ"rlg"t”%‘)gﬁv ¢ Ib(‘ﬁm B ﬁréub' ec’l‘fsg’gfr‘egl?ng’fwnls %(\}va% h atdﬁseeﬁ% _
hor i zont alline. Duuirgnis thw ah sntigsie detive tredifilissie siowrass dayble fiboRecaysel the hetogds t i cal

di mensi on {8 44saf 4 nEtecpJaQ%?@Jstrc%y' MBries, 1iEREA aRPEdtatly bk sHoRRE eeRl8EnRY a
rectangl e contal ning the nanme of the entity and a vertical colum

r epr esent Foegps foparticipfieRip BO8TL t he entity. During the time an entity exists,

the lifel sRe is suRsydiPTRMN DELEESMFRbTOCOL

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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line. During the tine an entity is active, the lifeline is showm as a
double line. Because the protocols considered here do not create or
destroy entities, lifelines are generally cut short as soon as an entity
ceases to participate in a protocol. 5.1 SUBSCRI PTI ON DELI VERY PROTOCOL A
preferred enbodi nent of a subscription delivery protocol is shown in Figure
43. A large nunber of users may subscribe to a periodical publication. Each
user's edition nmay be laid out differently, but nmany users' editions wll
share comon content such as text objects and imge objects. The
subscription delivery protocol therefore deIivers docunent structures to

i ndi vidual printers via pointcast, d |ve t n ects via
nul ti cast pa%‘“é”&’p“p‘?‘i“&séf‘ttg regiptragon Sﬁﬁ'ffl ‘§ H&“) app crag(tn “g?l i ‘?03 ?rent ID 51
for each deaufyanibsdiptomsasr | D server 12. It then sends each docurrent

structure, incl u%ebr%é%e%eldglﬁe Dies dpcu%% noa%%e %@%%gllﬁggngl}&wa,dgﬂe 4g§ page

server 10 responsi ocument ocat ed | D. i ncl udes
its own alspstiptioas inshdingOpag IDg He tosthdrrinter- Belrld%detalihie devpses 8t myltigast chaandl e| evant

set of rrullta;ng@slttheqp@t@ng[lst&agres It signs the nmessage using its private
signature key. The pa server uses thﬁ% EE‘F’F@ tion 1D and alias IDto

obtain from the } e e e g s dlocalyd page BEAPHERLEYTD 60, the
user's sel ect ed pﬁdenﬁeearpplhdauﬁzlaé \istrithednalyofhile déxirhdnt sttubtyres ©f thcfubdrifest  t he
appl i cat i Qhect, rmte QQhe rggvagt p%ée s%rvg'g tar}IUIt'icastr eF‘La?t'et)s’s @ngftﬂt}%hﬁ&f:ub &t ion's
certificate. V1 cation sccertificate a he page server to verify
t he message tei pgﬂeztlftlbr ﬁlectwlthwmlsﬁtmwge f5argE asdbpripsrs r@ﬂlﬁ%&?ﬁé@’{(’?ﬁﬁé t he

regi st rat iQinics® lciehelsl i lr&eibvd ﬂlElh@eqﬁQﬂlcb&@ﬁ g8t Eh@ﬂﬂe kd av%e doPoplie the t Oget her
identify a subscrr pti on 808. Tﬂl{eﬁgfﬁlge server then al (ido%at es docurrent and

page i nst AREUHEROTEGAY IPYRFY FES Alpas thg Lage ST AL OPRIEF dPRGSd2ge 1 Ds
50, t o t hehdirdatatiags, and & allows thel préigerd th erint éhk dacaméntsset of nul ticast channel

nanes for dhe prhWEﬁﬁNﬁRcMﬁr fPrbRcol t then returns the newy allocated
page IDs to the a rcation tor future reference. Once the a Lgplrcatron has

distributed all preferrei@@etmﬁ@fam@deteﬁtlé@owoeﬁélss’emeﬁ@éer sel ect ed
p:;' nLer ShVI adt thﬁﬁllan\é&Bﬁckp@gﬁle@%em 8 netpabe ﬁ&i'tﬁd ﬁﬂs&rﬁnuhfﬁﬁes\ﬂﬁl’chcﬂtll@thsubset S
of the shared objects ect cast annels. Both
page ser vefEeshi aﬁ"r?’ﬁ’feeggl #Hehf‘%r“}é?tﬁus 5‘%6?%6’??%?%’“’”0 ecpaét%gI ﬁel s and
recei ve t hiéady kgsihe Bb o6 tt eatfroolhepet @nncfiraypragoel. t hen abl e to popul ate the
previ ous| y poi nt sl dAEKARAL RIALSI! 8 SerndRindudl LMGoldEnRaGEmRERY O S 1O

add conpl ete docunments to hel r dat abases, and I'lo the printers to
print the tgcetindspage 1B 56 mmamﬂr K esry %ﬁ*rlmcméthmh%“ﬁ?"&r Borsy
embodi MeNtyi@ he dankkypag! ThePkinteGhdn @ iviray the}ed 1) @Obwr [Bin® IV, thepakd IPundclidl .

location to the page server.

The page server loads 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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When a user clicks on a netpage with a netpage pen, the pen communi cates
the click to the nearest netpage printer 601. The click identifies the
page and a | ocation on the page. The printer already knows the ID 61 of
the pen fromthe pen connection protocol. The printer determ nes, via the
DNS, the network address of the page server 10a handling the particular
page I D 50. The address may already be in its cache if the user has
recently interacted wth the sane pa%§. The printer then forwards the pen
ID, its own printer ID 62, the page ID"and click l|ocation to the page
server. The page server |oads the page description 5 identified by the page
I D and determ nes which input elenent's zone 58, if any, the click lies
in. AssunithyoPriekrerestPnt i nput elenent is a hyperlink el enent 844, the
page server thenTRht@hdgagd ReeBsEds e AipedinapplestCahidopplicBios ID @nig first pdge | D 54,
and determ nes, yvi.a.the t he net.work r [ ' server
hosting t REVESpPIELET SR es%i\ll?%h‘?rﬁltsaer E)Iganéi P glét?rvlg(rgg'u@ggus? aéé %@ﬁﬁg%l%%artg%@%bt ain

t he cor r espoabbipernkrsmest hape:dbed or dvfertatiéiferenteagplisttiont i on server 11, and then

al l ocates a gl obgjd s\écouclﬂi)ﬁugermQﬁc*t&s%cnﬁzﬁﬁ%&ﬁcel& ?a%e ancsobidintnd e @ewtiyper | i nk

request 934. The hyperlink request class diagramis sho in Fiqure 44. The
hyper | i nk 2lipeatsd @ige TP dhereplicien $9ds Gf CW&‘%d@g‘E&gﬁtPH@°W§ggab%§ﬁcfné)ﬁ’i‘aﬁ{¥er, and

i denti fi essedddthe plge akathiibty Pand feqikstingiinenice  862. The page server then sends
Its own server | Rmeig?eﬂm%enistg%ggr{a%l C 5dera?n%g%s E‘ul lr‘Ja%Sac@tgqutSaqn L‘/ﬁi%agela}é.tfﬁ)stt he

application. The application uces a response docunent according to
appl i cat i qrgspeci ficlpdes dyi tonsagtieg 1Dobttee message eIt intbpepalicstion Thisollpsnthe D ser ver

12. 1t thep,sends &Qﬁm@@&&l&@rﬂ%-*é&ﬁ% B&iteRE8heISpeYIRk ackiRion.r €SPONSi bl e for the
docunent’'s newWy allocated ID,

, oget her wiith the requestin age rver's
ID and NPX026- SEthedrerlipk roqyifss @ 5o Rli2s d B s 12y ﬁ?““ﬁea%gguéeoﬁﬁgﬁg’ﬁg“és ver
sends t he gaygervbdi seilds baigjtie fdn IDB1 antihaippérlitatapgicatioDld 64 tohie régisration pagre  ser ver
to obtai n 1t1rt]eob OI’I{’OE%Q%Q%CHE) L& Adgﬁ@o e;f%ﬁ hﬂgu? ledtpea@i m-%lggor;ekﬂfoﬁ&inggé’-g_e
server rejects The reques ks tpﬂe yperlink.request has expired or is for
a di f f er erthe aplinafiandPiaodh the Tire IR dt inpledep Sy lias dP i the Fepspgesed &0 Go BRPHEHE™ i nst ance

and page | 5winDime {pBlicHidA%o dshiBlish & Wedspecificl comaxt RethPRPETIAG Vatont he appl i cati on,
adds the conplete docuneg{EPto its_own database, and finally sends the page
DG RECPFY™

descripti oS to HMPWRE ¥ PRYTEFOL The hyperlink instance may include
a meani ngf ul tr awaact isanirdwd aSbokeion awhibagh witla g ectpagepdni the pen cpmyyeniczies her

1%, 5 ATASEL ) L PSRRI A L oo 0 T
hyper | ink acti vatteorintenfprvprethppedPI6lrik oyveefe 83 6% thyeage 1B PY g strokegath j ¢ o
“alias reqint pde st 10iiDWE Budisapet, then the first page server sends both
ts grevgren 'D 6l an”ghetpra’|gee SQXIErel[)zldls %'pﬁgea e clri%)t?o%tSI ige%tihela b§f4ihe:[ I(J)agé Hfanrdedgéet%gﬁegt 1on
which input element’s zone 58, if any, the stroke intersects. Assuming the relevant input element isa
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.
5.4 SIGNATURE VERIFICATION PROTOCOL
Assuming 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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11 to obtain not just the user ID corresponding to the pen ID but also the
alias ID 65 corresponding to the application ID and the user ID It
includes the alias IDin the nessage sent to the application, allow ng the
application to establish a user-specific context for the hyperlink
activation. 5.3 HANDWRI TI NG RECOGNI TI ON PROTOCOL When a user draws a stroke
on a netpage with a netpage pen, the pen communicates the stroke to the
nearest netpage printer. The stroke identifies the page and a path on the
page. The printer forwards the pen ID %1, its own printer ID 62, the page

I D 50 and stroke path to the page server 10 in the usual way. The page
server |oads the page description 5 identified by the page |ID etmd

det er m nesappligatiendDj6 W?Cla@ldé‘ﬂﬁgﬁ{e'f@mﬂiw@d's%? signpturg {is1d 15 1t 28 PPILR &S9P s ect s.
Assum;jng Lhﬁdnﬁ ﬂe%ﬁ%ﬁt da.taﬁpﬂént et tﬂe?ﬁﬁl? (;iIihSreQistrati@i(sfervéﬂ iﬂkﬁnﬁk]zegﬁlg,use‘r’ bereppagingser ver
appends the stroke to the text field' s digital.jn er rd f

i nacti vi t y©°i®h R gite Be#sE Fuéyria‘&?t&gfl?“érf gfogftﬂ%%lgataé’ens %}'\35?&?23%&%&%{3 pen | D
and t he pedighatag. Qick DkBSerifiod thhsignamg, the reaibtragon ssevenpess the appfieation IR6d aptwserat i on.
The regi stgaly0 Riemt@ t}{&]{sert’sl agﬁﬁétkg—lsgeﬁiﬁg D&vald S hanfr Okl GBRANEI A kb0 bhRraReN, and

(5
uses the user's accunul ate witing nodel 82 to interpret the strokes
as handwr i & digita! sigmgtare ofthe-form datanapd retyps by 4@l sfgnaiure forthacenuestipe RagsEerver; Hig
regi stratiQbe seBRF 18gns iR LI SighdiRe foR sigh@urt REld bRiGee tt hss@Giapagem3etnen. The
page server appends the text to the text value of the text field. 5.4

SI GNATURE KRR FI CATI ON PROTOCOL Assumi ng the input el ement whose zone the
stroke intersect $hé digial siggiueet indlgles the latks BG5S of ke comrappadingpsgre hig gllogBends t he

stroke to M&%tﬁj{rﬁg@ag&ée%uwpﬁlu '{sisg?gag,}gs_al ink. After a period of inactivity

in the zone “of nat ure d, the page server sends the pen ID 61
and the peh8ling SPRMHRYBMISSIONRROTOGRY stration server 11 for verification. It
al so sends the NRX32Gd SkbodithentdpPPlotnt aibindionl pkdt@4l ieshowacih digad4avi t h t he form of

whi ch the signat Pr e fleld is lgar.t %nﬁ%éx%ﬁg}?%ct%a e foum kRowdBe ??’?"f&he

current data conf &Ft SUBFSYRSFET B ration server I|den es the
user cor r edsfoxddi SegtiontS @, vilhsopeform-gmedfivmidigontshe user' s dynam ¢ si gnature

bi onetric 818 topvgl &agé/ofta'}&tn%&llﬁﬁ,smaﬁypgxnﬁ( 448 RFiorSmesHEORAY R pafdiE®erl t has
verified the signature, the registration server uses (té%%?(%gygl i cation I D 64

and user 10z 8o 2prbcqtign At Fieyores thsterm L st e gprepifaa § RRT e

Si gnat ur e #@Yycontains 40k SiBnatiSrFelds Ren li@\ap bl Datige Meifiad c@ch e bhi gyirdctibg thd gimalDH5e of t he
formdata, and returns the digjtal .si 1 LEAUES LIS RPIE Server.
The page ?Seofl\z}tg&r Wil thp Bonespp &gng |lgétfi{81 atgl{ég{llg%bgar%&t%aﬁﬁessgﬁ g%at ure field and
sets the abswmgiatadetaibi s status to frozen. The digital signature

i ncludes tge ali gguhbsiGrerRimelPer&@cbespondi ng user. This allows a single
formto capture nmultiple users' signatures. . -

A preferred embodiment of a commission payment protocol is shown in Figure 47.

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

The hyperlink request ID 52 is used to route a fee or commission credit from the 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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5.5 FORM SUBM SSI ON PROTOCCL A preferred enbodi nent of a form subm ssion
protocol is shown in Figure 46. Form subm ssion occurs via a form hyperlink
activation. It thus follows the protocol defined in Section 5.2, with sone
formspecific additions. In the case of a form hyperlink, the hyperlink
activation nmessage sent by the page server 10 to the application 71 also
contains the formID 56 and the current data content of the form If the
form contains any signature fields, n the application verifies each one
by extracting the alias ID 65 assom a ed with the corresponding digital
signature and obt ai ni ng the correspondi ng certlfl cate from the
registration server 11, 5.6 COW SIO\I PAYME Rgl’ oL referred

enbodi nent of a Efdﬁ‘ﬁfpgl‘oc?‘tﬁ’ﬁp‘ﬁ?i'ﬁ}% i‘it‘f?f“b@‘é?“’iteépré’ﬁ ﬁensﬁwgurepﬁ In an

e- conmer ¢ ecr&ﬁt\/cb e I’bﬁ@ﬂﬂ pade@@Seraspetherovithi theshypertinknmaguedd D JEng phde eserfer aipas &ire

appl i cat | ngkq'g Iues?fD #o 1dentli§|t11b lpmﬁgelndg&.dg t!hé 85(1“ Jth@h&Ql%%vant {egglsa@&ltéeﬁas and
sal es. Com??ss ion d P 'cohm ssi ons on conm ssi ons may al so be
payabl e f rmpmeh‘@ﬂpbﬁmrmstﬂ@r Thegegistretiop s&Var ereffltséﬁc?rf?époﬂ‘f’“i’&ﬂ“é‘ﬁp“’l"r%r HKGPeYr i nk
request 1022 is used to route a fee or conmission credit fromthe target
application provider 70a (e.g. mnerchant the_s D i on _provider
70b (i.e. publisigt f"“"’&n"@ph“f“fo&rﬁr?‘i‘ﬂf’ é%ﬁ%tlf’éﬁlﬁp‘k? 1{‘1?%(?{ %?1 "%' oﬁlogghr %ﬁt to the
printer praylicdedn plodider] 1@ tHe afigi& toroajdpd of ta idemity crftﬁteeowcespnhmlomgrpecteh nk request
ID fromthe page hyperlink is first activated, as
described Tn Sec Iﬁgp;;]\}_égfa?} ﬁvﬁ’vﬂ ?ﬁe target application needs to cr edlt t he
source appbicati BENMECHAN®Sr, it sends the application provider credit to

the original pagﬁeéx%ﬁ%’ & FigdrQULhBO! mWiptd) gEJ}E‘alﬂle&%hzltém% eRRhe Smdrkd. 10The page
server uses the hyper

ink request IDto |dentJ aurce application,
and sends pqulets ’é’élf“t‘g 197 iy the foppofalagtis ppuldipg hating éflf 3&3 %eg‘?m\/ge?n “ftef'L'PF 8§&t her
with the BowWraRuaRp thepatdomponkdd. G4e peht® 105vs iis greradon b@aBmouwmted atdneetdy per | i nk
eauest | Hog D0 e 31021 A Qi (SILRTLS s&m@? ROhE GRRBdhd thsaRRid cat i on

provi der' s "accou I es I cation provider.
NPX026- SG i®@sing| 102.tThecqprdlT isalse efrmopldedplestes: %é@cf%rmﬁ%f“e? o Fanf%@mﬁ?ai‘eﬁf“er

provi ﬂer &Bﬁ%ﬁﬁ%ﬁl‘é'ﬂ% ulﬁle'% toLkIle%J thd iAW ol BE LE]I?]QQhﬁted@thlnh& 1RG4 I0AIThpager ser?/er )
together with the hyperlink reques The ses yperlin
request | D% e Fyrahe” Y Hts'g’lstantﬁﬁﬂsugg‘ﬁﬁg&?ﬁ%dsggegmte on Efﬁlebir el evant
regi strat i ejeitg pdtion MO g_LIEjews bk e thprmait eart l0PandTfite withis eariespendifng ser ver

credits th opdie i der a mom@dg%a%
applicati oﬁ B?{)éf‘%% el Q’gdkp|{d(§’rrlbtef1q1r hg{élsgl\él ﬂ?e[sa?%go#%n 13%%“ t {}1@ t ar get

appl i cat i omoigstipg/paion, 11%\ ip fhe h[?)‘islnﬁtl%zr SffF‘ﬁW‘i&%*r“éF“"PH’é‘“ﬁg&% ef“ffﬁ
source apphd & 10N aP bRMLEIAH recive NP AbdDIREN DESGRhEddr@Nonding screw threads
115. The metal end pieée 114 is removable to enable ink cartridge replacement.
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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6.1 PEN MECHANI CS Referring to Figures 8 and 9, the pen, generally

desi gnated by reference nuneral 101, includes a housing 102 in the form of
a plastics noul ding having walls 103 defining an interior space 104 for
nounting the pen conmponents. The pen top 105 is in operation rotatably
mounted at one end 106 of the housing 102. A sem -transparent cover 107 is
secured to the opposite end 108 of the housing 102. The cover 107 is al so
of noul ded pl astics, and is forned fron1sen1-transparent material in order
to enable the user to view the status 9f the LED nounted within the housi ng
102. The cover 107 includes a main part 109 which substantially surrounds
the end 108 of the housing 102 and a projecting portion 110 which projects
back f r om aprretiorelfsriupiag the 1990 Hhigughi PSSt thyithieestagdtfespondi ng sl ot 111
formed in &he Vwﬁdﬁ%lé@ﬁb@jl&ﬁe hou5|ng 102. A radio antenna 112 is nounted
behind the projectin gg é?@ 0 wi thin the housing 102. Screw t hreads
113 surroundlng %h“ﬁﬁ SR the cover 107 are arranged to receive
a nmetal end pi ecmxtm&mkcmﬂmgumsmg1¢Qwute<s|stmud12|ﬂgibsl(2tetw threads 115. The

metal end piece 114 | Uolk NARL Q1chiisicS Blalstsl 190 Gnibieal asapRRt . Al so
nmounted wi thin tﬁesecéncl)és/g{x % Er&ogr?@-cga}lore stact usassED 1116 on a flex PCB

117. The tentingrifd The secind ﬂa:r %B SRR abiptraedd BD B fpepvidipg infrpdradiston s | ED
EII-_?]-G i's moupt Ssecﬁgn Brr&gthg QRS AhRBage B&lﬁbr l@ﬂ-lsfpﬁﬁndg@ﬂdm&mon e Qethdl fiek PICBI | Ikt y.

e pen can operate as_a n [ as_a non-narking
styl us. An2P &K *ofEne E‘?ﬁ fjl“’diﬁ‘&o“l%ér‘n&f f"ﬁﬁﬁ?ﬂ;’ %?f@ J;%eg?)%q? 51?1so TREY TR st yl us
nib 121 arfeqmaenhipd3sivdeh limluSdsdm Rifitrtuisinitter 4nf 8F leyeisérid 1@@'101@ thirel34tftre i nk
cartridge n&troll?ﬂ% %% Qiioh E'teLr.eS Ollb'ls ARid gucl %ﬂ)ckcﬁs@ (Q%&@B&ﬁ%&ﬂd@@&é’ﬂ%lﬁ’s&s@ Elgugh

open end 1% iece 114, by rotation of pen t?tf)
Respect i vewithin tepovis| I8¢ Red projgets W%?jllbeét?émﬁﬁﬁ’rﬂ”éﬁ f"%ﬁ”?‘f?é’e‘i Wgeéﬁ?t? dge 118
and styl uslm;g%qensa;re@@%tvbrvse,bpyy wifks 1106 @nadal €c ERiFbiRA bR the 2a2bnd fles PERA2I ©d t O the

pen top 105 1 n oper Jon an nged to rota erew barr el
D08 Pl Bt B ot i g g g B ot AL e e GEREATT
cam bar r el batt<gaconfoé 13G\wadt the daibarrel A25. mewobjr@hﬁmeﬂge *Paﬁ@m?s‘}l sitprathingherefes 123
and 124 fiy ta.g%{i‘ %zfnrlorgt&?wm §4ttgxry cifthts, @mﬁ&hﬁltdh%mﬁgoﬂt 116 isGRheBbt &le 125,

t he slider s 123 or 124 nodve rel ative to eac gz%ﬂ]glp(% §2t9 ei t her
the pen niserond Bex PGP 139 fplcprbleripoargina ofghpbaidry bdgit ‘tHE Aol e Sef Hhe et al
end pi ece aiszl;éhounm nmfbdmﬂ) 1ha5ndtdma&.e pﬁcttaﬁ@ls 10f for NRXDRGlisB&Gehdnt inglperamt | on. By

ni'b 123 oUbe PR et Beige 20 AR ol ¥ R e S oSl 0 1

nib 119 ouletermonatiot gﬂths:sfo@@bpmguabpl@@p WffaCAbxé’é(Eﬁdm‘P L er s i 1. The [Bpunt ed

on an ele %&9&}5& 5144: 5@&@ l1ight geing M@mlﬁ 148 SiaWblebbR (ﬁolﬂ ﬁlOWHDthﬁlht&gonthe?shd&rh e

second flex m)unts an infrared LED 131 for providing infrared

Rubber grip pads 141 and 142 are provided towards the end 108 of the housing 102 to

assist gripping the pen 101, and top 105 also includes a clip 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.

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

When the pen is in range of a receiver, the digital ink data is transmitted as it is formed.

When the pen 101 moves out of range, digital ink data is buffered within the pen 101 (the pen 101
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for projection onto the surface. An inmage sensor 132 is provided nounted on
the second flex PCB 129 for receiving reflected radiation fromthe
surface. The second flex PCB 129 al so nounts a radio frequency chip 133,
whi ch includes an RE transmitter and RF receiver, and a controller chip 134
for controlling operation of the pen 101. An optics block 135 (fornmed from
nmoul ded cl ear plastics) sits wthin the cover 107 and projects an infrared
beam onto the surface and receives inmages onto the inage sensor 132. Power
supply wires 136 connect the conmponent’ on the second flex PCB 129 to
battery contacts 137 which are nounted within the cam barrel 125. A

term nal 138 connects to the battery contacts 137 and the cam barrel 125.
A three volituirpintiedeyebuficeartspget d yora digitak ink datgyfor #pPre* gl Mnufss PRI PeR 25 j 1y

contact W thioh BendatdcerMd &ant @absinedMierd Nduction charging coil 140 is
nount ed about the second flex PCB 129 to en zf’gg(:é?&haé‘g NG 0P battery

f..th
139 via i nduct i ohte oppellashig it if payptedEp thy sgon Pt nE S By L Feute 28 LED 143
and i nf r arieglbipdkQiiagein itheratidelin inore dekeil @earchmgctm ofleaommyberichip i34t FigareWralsobar r el

125 when e} { Rel, LOS Skt HE kol 913, b0 b MnbAI0 hAAS0 ! furlsT pBSEE oleOR

witing, in 0 ena et erm nat 1 on of force being applied to
the surf actéurmwlprhlegl?p@h thyi IB fargeserspr 1D 143.ndhipyfores gensorphotadigde Yot odi ode 144

detects |ight fr@ﬁ@ﬁeh%odtralérlé@pl%mvm&sa%@d&%g)prsceédapussbm)s embumhed on the
slider blocks 123 and 124. Rubbe % Blg q’ﬁ’ églﬂaﬁnd n[11(?2 RIS OVEH

t owar ds tﬁé°*@?ﬁﬂ°i6a8atiffwe%“é’“ﬁ6‘ﬁ§tfﬂ%m ot e Pemey afnﬁe pen 101 and
top 105 almranned aeelso actadedl. panlhod-ordigithli copientry 14%ie ap@aedlﬂ@@m’@f te poloket . 6.2

PEN CONTRQLL e I defermne the position of its nib
(styl us nﬁ%%“%%‘f efci‘ﬁ%ﬁrlenjs rjrbh!)t§ di&He 1%98@1%@%9& i magi ng, i ﬁ the infrared

spectrum an ar eén ahage h*enS@fuMeé?Se 5 “Et?f@cﬂﬂ"t‘;‘ihn‘i‘? Jage SERY 2pA Fapsc YL cor ds
t he | ocat i Qhrdilatias it fRat eatard Moatduasd b agerfadwithi the RIF £ PO dvhich

cal cul ate the distance frao h n tab
utilising BHHrLe Rfﬁgcuﬁﬁgsf a@éﬁ?ﬁé‘f“ﬁ%‘}s a‘&‘%m(%“ﬁi% ép?:‘%)tﬂ?l ro mﬁ%%%i 2h| 134
cal cul at es t he oTheenbtalling pr@éssdrHds pmmr@rmid tdépedenil¢sation-datagfragi @ﬁaﬁm‘éﬂ‘Pr omt he

perspecti Vv i age sen o e 11:98k 144t dohttoBl e HIRQ163E Chi p
133 and an%g%g%%%k%ﬂ &)gﬁﬁrl}ﬁggtcg% tfglgaiglﬁgﬁ?ﬁe d|14| t al Inkég‘ En‘; (whi ch

i s encryptléd aP‘bi“-”sé‘@d}ancl‘i? shfHrapes CRAY evpnpugieatin i Hhearaio (PRREYH %o the
conput i Ng riEGRformMBEA40NIEz) Rereral-Furpole KI8O gRcesdor.a 1 ecei ver, the digital ink

data is transmtted as it Q Wen the ne 1QUis30f.4" ange,
digital ink data 't prgﬁfober‘é% ‘{/\%‘{‘"’ﬂ%ﬁm%“hv"’ pern %6% ?:at%@elveg%&%%l NPX026- SG 52

Ci rcui try tagbind dizsitd SHuirfagy seasor avefend 162 fbﬂvp@mﬁi Hi7taad 512%}? PRAM 1p§ pre
appr oxi rm‘ttﬁl:%fat%dgn ml%gc%&ro(ﬂgr Adie AQQG%RM§@&nQ (R dxBuiS156 bRt redfidlorcan  be
at er

transmtte controller 4 is nounted on the second flex
PCB 129 i Hn‘i“ﬁérsb%éharierf"‘dqdl'@'ﬁ?ﬁ’pﬁﬁe@%h‘% bl ock diagramillustrating in nore
detai|l the archi TiRCinkgeese@br ishe216xm$ pokl €D ¢aéhpa deBsbr iFprodrcal ByOMatbusinta

Electronic Corporation, and is described in a paper by Itakura, K T Nobusada, N Okusenya, R
Nagayoshi, and M Ozaki, “A 1mm 50k-Pixel IT CCD Image Sensor for Miniature Camera System”,
IEEE Transactions on Electronic Devices, Volt 47, number 1, January 2000, which is incorporated
herein by reference) with an IR filter.

The controller ASIC 134 enters a quiescent state after a period of inactivity when the pen
101 is not in contact with a surface. It incorporates a dedicated circuit 150 which monitors the force
sensor photodiode 144 and wakes up the controller 134 via the power manager 151 on a pen-down
event.

The radio transceiver communicates in the unlicensed 900MHz band normally used by
cordless telephones, or alternatively in the unlicensed 2.4GHz industrial, scientific and medical (ISM)
band, and uses frequency hopping and collision detection to provide interference-free communication.

In an alternative embodiment, the pen incorporates an Infrared Data Association (IrDA)
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shows representations of the RF chip 133, the inage sensor 132, the
tri-color status LED 116, the IR illumnnation LED 131, the IR force sensor
LED 143, and the force sensor photodi-ode 144. The pen controller chip 134
includes a controlling processor 145. Bus 146 enabl es the exchange of data
bet ween conponents of the controller chip 134. Flash nenory 147 and a 512
KB DRAM 148 are al so included. An anal og-to-digital converter 149 is
arranged to convert the anal og S|gnal fromthe force sensor photodi ode 144
to a digital signal. An inmage sensor i"Aterface 152 interfaces with the

i mge sensor 132. A transceiver controller 153 and base band circuit 154
are also included to interface wwth the RF chip 133 which includes an RF
circuit 158erfseiforghor-pagsrarapicatgr it A 56 f8io8 oNIsBageBANECt ed to the antenna
112. The control fi ﬂ&wﬂﬁéroéi&s&ﬁéntltﬁép&ﬁp(num&lﬁdeamq)adaﬁaﬂﬁ@oﬁao@a:blbmometeiata from

t f th rf it
bhat odl oaebotiad &t prs e Ak rend D e g Gedgen J U RER b Byt 6 sensor

short - r ange ix ghdstoutr@nmuni cati on via the radio transceiver 153. It is a

medi um per f or mangg ;(rovgsw)the%%&%;ﬂetegwn&@éthﬁkx%dﬂfeﬁlc‘&%qen 1JNe PEsecessor
145, digital transcelver conponents (transceiver controller 153 and

baseband ahqtierwithoutgefsrence fpepadace lorasign tagsnilloring the lopation tags Qo sAmBsd PV 19%% and
512KB DRANhd.48cialb&tionl it 10Gaith&fiddnffyan Sbjetg biainteresd taktet thara pd&iids.on Aralrbage. RF

corrponent (RF cit r.esonat or,s _and e
provi ded xﬁ‘épl%éf;c)tge °§F%t ISF?I‘—“S%I‘f“CE}EC ep‘?qerrrnlate’[lt (&g r?%nc')nrm? g‘%{%};‘)ﬁ%x%&gg%laoiel
(such a seanshclqscamc&tqgmmdiudedrebgftﬂMPsmen@an@eethW&w@m‘t}s’mn@w| on, and |s

described in a paAREL Qb ﬁ’lggﬂr@d b}KthI amm‘&ﬁ@g@’m NicHoH 88 RYAd yRiredNaghay oshi ,
and M Ozaki, "A 1mm 50k-Pi xel | T CCD I mage Sensor for. M niature Camera

Systeni, imtgEmedyit REREELP GRARI BIRIEE BLRFBHPEUDEPEERI PPt 47, nunber 1,
January 2000, Wwh§igde theSstdrifig Pofiinadfalt subled Binbt kngwi, e;ﬁBrramﬁre))owohhwﬂﬂn 4R

T Inl’;lt(::telr ;“ Igew%gaget {a clgllatg r{&%&ugll pOSA{IOSnttCegi{‘a%lOn acg!%i%u?%e%eeggrﬁ%a@lgs Sern éizag{ele?atlafrl od of
i ncor por ataecslemndedltn)a;alédlam Fighuiesolulis® apththe timendwratiog o8 a strpke. foyer dich SEPFS or

phot odi odg Jl4d.@ndnypkes up the controller 134 via the power nmanager 151 on
a pen-down event. The radiQ transceiver conmunicates in the unlicensed
900MH barfd nor nﬂ'FTF’QGELPs@H%?ESWFWess t el ephones, or alternatively in the
unl i censed.R. 4Geriiee Metnanads, scientific and nedical (1SM band, and uses
o eameney PPl ek APl oD A VAR & LAVl ES LHEROG A ee
communi cation. In-an f’ernatl ment €n i ncorporates an

I nfrared BDeatandmenon bt sfize¢ BAa usili@me@@ %mlqﬂﬁtp@lrtﬁ%@s Bendd98r26 - r ange

comuni catg Qn e &t}esal 2bz§1§ §2a Etegsés QyerfAbht rﬁ%epgﬂgwﬂ{ B E)a%lér 604 PasBing heduiihe

enbodi nent, the pen 101 includes a pair rt hogon accel ero ters
duplexed print engines 602 and 603 which pnnt both sides of a sheet sImu taneously 1 color and
with full bleed.

An integral binding assembly 605 applies a strip of glue along one edge of each printed
sheet, allowing it to adhere to the previous sheet when pressed against it. This creates a final bound
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
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mounted in the normal plane of the pen 101 axis. The accel eroneters 190 are
shown in Figures 9 and 10 in ghost outline. The provision of the

accel eroneters enabl es this enbodi nent of the pen 101 to sense notion

wi thout reference to surface location tags, allowing the |ocation tags to
be sanmpled at a lower rate. Each location tag ID can then identify an
object of interest rather than a position on the surface. For exanple, if
the object is a user interface input elenment (e.g. a command button), then
the tag ID of each location tag withi’A the area of the i nput el enment can
directly identify the input element. The acceleration measured by the

accel eroneters in each of the x and y directions is _integr

respect t cheet diesctydropy thaynedia tegp Prsha paeftsei s he syt Bt £5Ring S %Bgl?etquﬁlf‘f‘es Si nce

the startiNigyReshdnives é&iem%l?er&ttk}v@mnije‘smmt kiR¥N6020iad ¥o ﬁl: abunteﬁ @@fil tions
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at ed @ gTthom ti otg .llthnt eqgr o, ac ?L:m“ ates
errors in 9PPRSNE Enis el catigiTptieR 2long g RIRY &F Bi’Ca ave hi gh
resol uti onhe f@kGhrikthagidel NEbYit@ bl ivered pick-wpt ridkses26.(Rhe poswhn ald se¢ ?foh@aper
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in full coliess @adct thaiddy gridlel suph@eskd coftihut wtfeg e shdei Munmgmasmmeweﬁ’%
.applies a stri gl ue along one edge of each printed sheet, allowing it
to adherepf‘ﬁeflﬁ’é Jﬂ?ew ous sheet when pressed against it. This creates a
final bound docReferitg t6l’£@urv=drﬂ|2@hd Rartherpapry 604 passestiiopidhradyplofed print eigessiieet to
several ggcgg(%qné Ia:%%gxﬁer &Bl %%ﬁgk@palgggas&ﬁﬁett&éeﬁlgﬁo&?ez spilt \WHokl akie Fi gur e

13 coupl e exe print  engines, }n % s or chanbers for
storing f|6>?%t‘4th/®ﬁbf%ﬁ§’§?rvélleré‘ﬁ’d‘“?,‘9%ﬁ‘°v ﬁf"éhSp FREE29 BERM AN G P nf r ar ed
i nks. The ggarinkidoR rﬁﬂv&ﬂb SOIHhR| BSmbly BTLisGnothted foi d el sippor bigeiseandvd idi ng.  The

mcro air filter . interfac an _ai A6, de.Rid.ALLr Via a
hose 639. AP Srf%wla rf?‘ieereatp SPTFS afdﬁleéw‘p”?%%atri ds to prevent ingress
of mcro pamtateoim@cspowwsohl&@elsfldém ct printheads 350 Whl ch mght otherw se

clog the printhead. BRZ#h& assddibly mqemfsaaflarmnfameh@bw afdb Isv;emwvatrmtmgt he
cartrldge the operational |ife of fllter,)? vel%ﬁlln edtothe
e FEnEs

life of t/iseunkag fof hg glue suppg hosg 64 1o fhe S2irisleg 63 rec C R 25rdduct
Wi th a capaedl! yhifloubsqbs aihésivg barapilintiadign BHEEL Mbeol(slﬁot@ol@ldéeusgl)% 68Ref erri ng

Fi 12 w h
Egp hgure s dgésg,}f JRGOL 268 A5G RIS Kol Pidothd &Ko rRREIR YprBieGuBlRbss the

are attached to the metal bracket and hinge out sideways when the rest of the assembly 673 is thrust
forward. This action exposes the glue wheel through the front of the molded housing 682. Tension
springs close the assembly and effectively cap the glue wheel during periods of inactivity.

As the sheet 604 passes into the glue wheel assembly 673, adhesive is applied to one
vertical edge on the front side (apart from the first sheet of a document) as it is transported down into
the binding assembly 605.

7.2 PRINTER CONTROLLER ARCHITECTURE

The netpage printer controller consists of a controlling processor 750, a factory-installed
or field-installed network interface module 625, a radio transceiver (transceiver 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
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sheet directly fromthe nedia tray past a paper sensor on the first print
engi ne 602 into the duplexed MenjetTM printhead assenbly. The two Menj et TM
print engi nes 602 and 603 are nmounted in an opposing in-line sequenti al
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 simnul taslgeousl y to aid drying in the
shortest possible time. The paper exit$s the first MenjetTM print engine 602
through a set of powered exit spike wheels (ali gned al ong the strai ght
paper path), which act against a rubberized roQb1 gese tg dl\/\/neel S
contact t Hesds gaysynchiprires 4y RI PPEs/a7 ANPTE SAPRGIIRYIES { Dol PRES SHeBE04 i nt o

t he secontheitaimaet Bdvbralpfuipote mitrgpro@ssi0Bhe degtfolling iprogessoo 750 @mmescaki wiinthe 12a, the
paper 604 passes fro gines 602 and 603 into the

bi nder sppnt; ?/m%cﬁgn Wﬁrﬁzé%ﬁﬁaﬁ'fg%gg%%%éwﬁgssfgs bet ween a powered spi ke wheel
axl e 670 wi t h™ aTld BPoDSPs gastotact and ofompressapge aatstiptions ffothsbrelagexPEHF t h spi ke

wheel s an%oﬁp@@é@dﬁé@%ﬁﬁxa@@uh%nt &&H@co\?@(ﬁl@lj expahfke difieN akd &n&&b@/n@éngdﬁoasserrbl y
673 is nounted to a netal sup (Fort bracket and it is r)agﬁ orte forward to

i nt er f ace anogiped Hemigfdipsintepd 3RY 8 reims G4 2lgwerr0 PRays REE PG §he WPIRsARTHAS ¢ .
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processor offaflip. The bt biginy consliend 16@ are povidddiiedeparatissigh.l ed net work i nt erface

nodul e 625, a ragl 0. t?(?tnnfg\gc!ﬂ\c’%é&tra@d?xfé?'6¥5e£re§p9&f§<{§9léa rprzgiﬁngalpl pand

circuit 754, RF ci K F resonat or uctors 756 dual
raster i nmgworkpntwe@%ﬁraw P&Ptib)lalmgljscavgmputerm Ingtwerdy ipprfang 7@niFipAse as¥k ol | er s

760a and 7800 iidr@R inBBEFOr s @RBemsARhrid BHMEc 2k (@@%Mb&&?odm@lm mibmat ed in
Figure 14. The contrglling processor .handl es rrlﬂg G th thg) net wor k
aé ée ipf;l one traqscel

19 and wi tSLImdeps: sl ransetvifs e PEy L S SR gTﬁri‘tm BitTon 617,
control s tWieletsShl 100p(WLE readschifdDs LohBntGEGes isvhde IEEE 1284 (parallel port), 10Base-T

and 100Base-T Ethernet, USB and USB 2.0, IEEE 1394 (Firewire), and various emerging home
networking interfaces. If an Internet connection is available on the local network, then the local
network interface can be used as the netpage network interface.

The radio transceiver 753 communicates in the unlicensed 900MHz band normally used
by cordless télephones, or alternatively in the unlicensed 2.4GHz industrial, scientific and medical
(ISM) band, and uses frequency hopping and collision detection to provide interference-free
communication.

The printer controller optionally incorporates an Infrared Data Association (IrDA)
interface for receiving data “squirted” from devices such as netpage cameras. In an alternative

embodiment, the printer uses the I'DA interface for short-range communication with suitably

configured netpage pens.
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NPX026- SG 55 feeds and synchronizes the RIP DSPs 757 and print engine
controllers 760. It consists of a nedium performance general - pur pose

m croprocessor. The controlling processor 750 conmunicates with the print
engi ne controllers 760 via a high-speed serial bus 659. The RI P DSPs
rasterize and conpress page descriptions to the netpage printer's
conpressed page format. Each print engine controller expands, dithers and
prints page inmages to its associated §fenjetTM printhead 350 in real time
(i.e. at over 30 pages per mnute). The duplexed print engine controllers
print both si des of a sheet simultaneously. The master print engine
controller Oa controls the paper transport and nonitors ink usage in
conj uncti o?l ith ﬁTgR'ﬁﬁTéqu’?NDS%NEﬁl p 665 and the ink cartridge QA chip 761.
The printer cont Ookel terhan pogsdor Tdrhay ypeeBBBardokrified thydowusbntinmpge léyoyts 98t h t he

processor &, Shrik@ Rip RRwHEld mASspe @9 i guration data. This is
copied to ‘r]]g Objéwqtm CQI;Pan boot tine. The processor 750, DSPs 757, and

digital transcei \Tbﬁ‘r Dé’éﬁébf?é‘ﬁ%%e cpthyagrsleETipin BGFRTPETY BF rasterized PASe) iNA8E e hand

circuit 75fh nRnGrdctii® @6)@5 &th dothpRsssd figd ihageQininéridry. €he shiplldst iy to lodialag RF
conpone nts

nd RF resonat or i_nduct or
provi ded |ﬂ“lé\pl%8§ér“atf’let BEn gﬁ?ba“?%@as © PRt ﬁwﬂ%gl V) }ésgeﬁer?ggug% su%825 is
separ at e, ®iarkitenn@npageragerizet wes cal, in@vmetalh e stiatdyo rkmerp s stritegy onlplepsis
factory- Set'&?%éxggu oorfdsﬁ'ugrzﬁfd %ﬁ%@gster%@ﬁx@n ARORLY, 658 and the 2X256'Vb' t

(64MB) DRA al so The print engine control]ers are
provi ded in sepaMatcanaigresns mﬂva?&eéﬁsynns?n e faNeTaRd [orft PP eSO MBI §e 625 are

provi ded, B@EHwREHY loslehsy o@mﬂeis&ﬂgﬁeghélﬂé ViR ad6d whithetbia pat of it candesgppigonal |y a
| ocal computer or network interface 752. Netpage network |nternet

i nt er f aces™fcl ude POTS nodens, Hybrid Fiber-Coax (HFC) cabl e nodens, | SDN
modens, DSL nod@nsipfraat @)l litee oft theyprireed pegr ontaigugodedmetpagedags @k ¢ deyeifredfat i on

cel l ul ar ta%Llﬁem,@,eméhr ANE ge}f&a& th AR DMz @D EHE cbfdbiMits,] 200 e G bontent of
transceivers. Local 1nterfaces incl ude I EEE 1284 (par al | el port), 1l0Base-T

and 100Basw@eitags grasrpfet duripgapsteigeiiopagd S‘?”é‘“‘?@ﬁﬁ"‘i?%@ﬂ%"ﬁ?‘?gﬁw re), and various
emer gi ng hone nEﬁél\lﬁzﬁxkpﬂagasdoﬂVﬂ]’ fpase€Back-tofbacknpabain@ges@d the dmpexed prom engie
avai l abl e on mork th I i r. an be
used as t hCémtrotll TS g!sée) (\Eﬁceht % l%ngimrc?tcon oagre';GB_lsﬁreg% coangxglgsg\égé%g In\g;egrg ut ﬁg focdt

comuni catmesnonn artdhertﬂ}m HagerpaeioD@0 Iipting piprliny Brgsatrrgpion awdprintyg lw}emeé ss

t el ephone Sbecagge ik irnﬁfaaﬁgﬂt(y Qe adl dtirle N R4V G BITIEIK AR fogblEmae il i inbryal

scientific_ and nedical N%%L and, and uses frequency hopping and

col i si on defect FHH”?"!?"&% LRt erf erence-free communication. The
printer controll €ke pa@stdxpmabd andipriating pipelivk eSthaprink afgina centoBaté) dsstaifat i on

(bt ke &Ml bAG T ook SEE! NERDe 631 2 oG flecolf 963, HEKIEATONAITARS

net page ca an alternative I ment rinter uses the IrDA
i nterface deepders g ta resivge helfonanemeeiteromrity’ ¢ %GPSE%IW encoder 766, a line

loader/formatter unit 767, and a custom interface 768 to the Memjet™ printhead 350.

The print engine controller 360 operates in a double buffered manner. While one page is
loaded into DRAM 769 via the high speed serial interface 659, the previously loaded page is read
from DRAM 769 and passed through the print engine controller pipeline. Once the page has finished
printing, the 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
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configured netpage pens. NPX026SG 56 7.2.1 RASTERI ZATI ON AND PRI NTI NG Once
the main processor 750 has received and verified the docunent's page

| ayouts and page objects, it runs the appropriate RI P software on the DSPs
757. The DSPs 757 rasterize each page description and conpress the
rasterized page i mage. The main processor stores each conpressed page
image in nenory. The sinplest way to | oad-balance nultiple DSPs is to |et
each DSP rasterize a separate page. The DSPs can al ways be kept busy since
an arbitrary nunber of rasterized pagég can, in general, be stored in
menory. This strategy only leads to potentially poor DSP utilization when
rasterizing short docunents. Watermark regions in the page description are
rasterlzedhmmmammuﬁhanéM¢@sbkmpfﬁmﬂﬁFNVEOé@ﬂmBW@WﬁHmWWP&%Sis | ossl essly

conpr essed to neghlgihlga p?lh@&lgﬁ@‘%ﬂ%ﬂ&ﬁmco%é’rﬁse@aﬂ tnigdh, subreascOrplupissed page
imge. The infrared (IR) | ayer of the rlntedﬁggg gﬁptalnstcodeqapetpage
tags at a QeFETHSy gey ara%&*tmvéﬁei vigdrs aF lipe spg s g dodeR™ fE"bage 1D, tag
I D, and cogfedtdd vidthd &ermaighsttiveiih 2 1c@ndraaithedie syeaddwalt7agonteshgbmet lieed during

rasterization an?BSt O eiezlginel (Q)ntt[ro & 760" r{ta?n%s‘ﬁgv %@é?flepréc@é&%z gp@n&@n&m@ﬁx@cessor

750 passes back I mag es exed print “engi ne
cont r ol | ermge/GPansibiai rqndqnng pleefhg@ n@nﬁe@mg the IPWélPea‘? (5 V@t"d?"é%f’e?dﬁém& Bitgressed

page i mage h&nhglﬁngtf?e(‘s%perﬁ&%%’/s ¢mnd starts the page expansion and printing
pi pel i ne. Page expansi on and grlntlng IS plgellned becayse.

t
i npractical to sifobed4nvesins pbthe PRIE° B frele ook RS AG ™ {r?ﬁ’gel“el“r{ nMenory.
7.h2. 2 PRI Nbgdsiyed M&t&%ﬁﬁﬁ&h@?gg&mwa@& BROENS) gmngmhhepm I%ft&&igﬂp# ;@2 ne of I
the print e Gontro i seria
Pt ace BEd S 1£ DR o5 6o BANSL B S hinclogil $n SRREH Terlrpasts?

interface stan tandard G oup decoder
764, a cushiowy Herdgfthashert ¢1mqmg@9f thopage (V4. BoDE 2dineiasrb i - Biredierae6, a

line | oa%%@glp%wﬁmgqhgr optiRidy FeGtencyPSFth@MeMRE® Brihtda@l viiRhan deSuirant WbsgnMEN) et m

pri nt head print engine controller 360 operates in a double
buf fered reapAsds0 ki | e one page is |oaded into DRAM 769 via the high speed
serial intedNcRG€o®59, the previously |oaded page is read from DRAM 769 and

passed through t nt en con elL ne o i has
Hg }B’fSﬁn mvent1 n Qas b (}e Le&%th%fp §;l E ey %\%}Fﬁg ;nbgd ?cﬁgﬁld

finished printi rinted anot h page is
| oaded. Thembrros speslﬁag@m@)fve phbodpmeptél quve@xpaﬁd@ appsoiated By thppreiled in e

JPEG conpregseohl %PQ&HW othé%ﬁdun&ﬁ%pﬁﬁgﬁg (ﬁaﬁl tHodgpedifitally@e@teddwill

Fax- conpr essed bi - ﬁg and rend fﬁ twﬁ%mumfm%mi leve

net page t a?émlf%l&/\é“fh"a@%m???g“‘fpﬁ "f PresEgt Py %fé"rd fed" Y'n "sec Tt all
in paral | ehe in¥éitiors BaoNHtendsll agbe Uintidded She( peoiffbabodimentcdrmribrieinOyiesegtyer and
composi t es pécat{catlo(rSngml&dbn% dch,uInlerﬁé/ SLorRL:Qe%l%ylc?o\éseJefeg}{&ras appropriate. The scope of the

invention is only limited by the attached claims.
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the resulting bi-level CWK |layer. The resultant bi-level CWK+l R dot data
is buffered and formatted (at 767) for printing on the Menjet' printhead
350 via a set of line buffers. Mdst of these line buffers are stored in
the off-chip DRAM The final stage prints the six channels of bi-Ilevel dot
NPX026- SG 57 data (including fixative) to the Menjetm printhead 350 via
the printhead interface 768. Wen several print engine controllers 760 are
used in unison, such as in a duplexed cggffguration, they are synchronized
via a shared line sync signal 770. Only one print engine 760, selected via
the external master/slave pin 771, generat®s the line sync signal 770 onto
the shared |line. The print engine controller 760 contains a | ow speed
processor 773.for aymeHdnieZbig dséientertBige wiiK pafpaieoniand unsmdara egryérpel i ne,
configuring thg prlnthead 350 via a | owspeed serial bus 773, and

control ling RE™ siepper notors 675, 676. In the 8% " versions of the

netpage printer, t L}Qnt&)g? e Rfrhcl LonBil g rl}ﬁo?mﬁf%ﬂ’ rélaﬁﬁd ) tne c%ut’n@gﬁv@fe andiag&gPe I’

m nut e al ong t he I mension o

8.8 kHz at 16®id dfmoin iogtipe pfivp draying @@P»s%?@%f‘a(‘% Ffé“pﬁ%‘tvpaaglér ‘fﬂf #f“g?an“%ﬁt’ie t wo

print engi negnd@RkhtiaRl hitksSpodfionbErbh®k GRS r@kd pattritahe al ong the short
di mensi on of the page (8/2"), giving a line rate of 10.2 kHz. These line

rates are well vvi i k&xsﬁnot dmccowm}awhagplicedainwmpyram pbditn vdative toTiv ierfrrehead,
whi ch in the, gt r.enl AGSI.0R. r BSCRRABEIN I 0 QNGB L The pr esent

i nventi on ha$ een descr i eren to a preferred enbodi nent and

nunber of SpeCIflQﬁék&g&ﬁﬁahg@mﬁﬁﬁgghqpmé§5w$§MQy§ﬁ it wll be appreciated
by those skilled inh the relevant fields that a number of other

enbodi nents, diff %l’edeﬂ@s faf RER bﬁw&ﬂn@aﬁéﬁt tdtcaddl Q()sﬂ(ﬁxsafal e dhovenieht| datacllemg f al |
within the s cop the sen |on t will
l%aillvgto?{ﬂ? ﬁG&Sl C@\g I%OHSIP ve tto (+] m ace surfa%fﬁ? F mf?i%)rg% aybem%

be understo inten

speci fi ¢ entwlative of the SdBmgdwbe’dposmox!lhbtnprtfeth@lntterfacsplef@qe;f| cation, including
document s incorporated by cross-reference as appropriate. The scope of the
i nvention is only Heimshpdigclysneths stepstof Ather@mBYASHE™ NPX026- SG 6 58 CLAI MBS
1. A nmethod of enabling user |nteract|on]%€%h conmputer software running in
a computer @yst eﬁﬁc?}Y‘&gth%fﬁd‘?aﬂ‘Egé’F‘IaQ%t}@ﬁ‘?“f Vit%nt ai ni ng i nf or mati on

relating to he conp uter soft n e L a;lve of a
drawing fiel®@, th& d%’&?eaaleﬁé‘fnﬁm%e T ‘i“lh%%a 9‘?’ ‘%’S‘P aqm%f’ A3k gentlantl al l'y
© identifying the drawing field from the indicating data; and

(d) operating the computer software at least partly in reliance on at least one of the movement

data and the position data, and in accordance with instructions associated with the drawing field,

wherein any 10 millimetre diameter area of the coded data indicative of an interactive

element includes sufficient information to identify the drawing field.

2. A method according to claim 1, the method further including the steps of, in the computer

system, associating at least one of the movement data and the position data with the drawing field.

3. A method according to claim 1, including the step of sending, in the computer system, data

to the computer software indicative of at least the drawing field.

4. A method according to claim 2, wherein the drawing field is associated with a visible

drawing zone defined on the interface surface.
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undi fferentiated nmarks positioned relative to a predeterm ned pattern; and
‘a sensing device which, when placed in an operative position relative to
the interface surface, senses at |east sonme of the coded data and, using
t he sensed coded data: generates indicating data indicative of the draw ng
field; and generates at |east one of novenent data and position data, the
novenment data being indicative of the sensing device's novenent relative
to the interface surface, the positiog dat@ being indicative of the
sensing device's position relative to the interface surface; the nethod
including the steps of, in the conputer system (a) receiving the
indicating data fromthe sensing device; (b) receiving at | east one of the
novenent data and the position data fromthe sensing device;, (c)
identifying the xdhauiBQordding todiatrk ©MnbrRE edcNAhrk BdslaDBirdiiBlopposabIehvaludd Operating
the conputer software at |east partly in reliance on at |east one of the
novenent data and the position data, and in accordance with instructions
associated with the drawing field, wherein any 10 mllinetre dianeter area
of the coded datAamdthivdacaiding @ oddim & rwhenain ereavaltié of@ matkanat kebst panigllly deesmisedf f i ci ent
|nfornat| eld. 2. A nethod according to claim
1, the ne?gnﬁg?hgﬁﬂ&kgﬁﬁ%ﬁh QQQM%ﬂgm%?eps of, in the conputer system
associating at |east one of the novenent data and the position data with
the drawing field. 3. A nethod according to claim1l1, including the step of
sendi ng, i7n t he ACARUdtatordig3d E8in 10Rhefein hOprede@rhidlpdtied indaded mplinality bdi cat i ve
of at least the drawing field. 4. A nethod according to claim2, wherein
the drawi N§%field is associated with a visible draw ng zone defined on the
interface surface. NPX026-SG 59 0 5. A nethod according to claim1, wherein
each mark has a plurality of possible values. 6. A nethod according to
claim 5, wherein fdd¥@bHRg Rfclafn Wﬁe’felﬂ e Bks dr&Rplisipartial ly determned by
its position relative to t%e predeterm ned pattern. 7. A nmethod according
to claim1, wherein the predeterm ned pattern includes a plurality of
lines. 8. A nethod according to claim?7 wherein the Iines are not visible.
9. A nethed accarwdkting abc@rdﬁﬂgad chiiin, 1, wheeeire the mbutke have cdogrshad ehapenthe refatiend
wherein t . r. one pair of
adj acent : rﬁé&%&c%%ggﬁt %ﬁQg %%fF%@mg@ﬁ%%“§k&%m§ﬁmgﬁg%%brding toclaim1l
wherein each mark has a m ninumradi us and a maxi num radius and wherein
the length of a mark's mnimumradius is greater than 40% of the | ength of
that markos Ml BB b@BHdIAS to claim 1, wherein each mark has a minimum radius and a maximum

radius and wherein the length of a mark’s minimum radius is greater than 40% of the length of that

mark’s maximum radius.

11. A method of enabling user interaction with computer software running in a computer

system via:

an interface surface containing information relating to the computer software and including
coded data indicative an identity of the interface surface, the coded data comprising a plurality of

substantially undifferentiated marks positioned relative to a predetermined pattern; and

a sensing device which, when placed in an operative position relative to the interface

surface, senses at least some of the coded data and, using the sensed coded data:
generates indicating data indicative of the identity of the interface surface; and

generates at least one of movement data and position data, the movement data being

indicative of the sensing device’s movement relative to the interface surface, the position data being
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11. A method of enabling user interaction with conputer software running in
a conputer systemvia: an interface surface containing information
relating to the conputer software and including coded data indicative an
identity of the interface surface, the coded data conprising a plurality of
substantially undifferentiated marks positioned relative to a predeterm ned
pattern; and a sensing device which, when placed in an operative position
relative to the interface surface, senses at |east sone of the coded data
and, using the sensed coded data: generates indicating data indicative of
the identity of the interface surface; and generates at |east one of

movenent %%Fc%vé‘&%e%@n%in irl]e,?ﬁ?’gﬁésﬁibn }eﬁgveqptﬁgﬁﬁl%ce g.?{xaé% being indicative of the

sensi ng device S nove atrve to the intertface surface, the position
data being NPXQRG.H5 BludtheliRdiessdk Ve Rnplthi@ysansi ng device's position
relative to the interface surface; the nmethod including the steps of, in
the conpuigr sysdk&iihg theihdidaBiLiatdifog teRensihiighviegt i ng data from the sensing
device; (b) receiving at | east one of the novenent data and the position
data from#he sensvingpt Besvoreef the frevemne ddtadrihe gosition datacfiromypssensing devisg;ogni t i on
inrelation to at | east one of: at |east sone of the novenent data; and at
| east somé)of t pefopuss witemgad@teaecogitign (ndylation totahleastapepf that a written
gesture is recogni sed, operating the conputer systemin accordance with

i nstructions associ atleag some 9 the evspentdeiaindiest ure and the interface surface,
wherein any 10 mllinmetre di ameter area of the coded data indicative of an
interactive el emenft FEPERRELe2oitoP 83%AY i nformation to identify the

drawing field. 12, A hod according.to cl.ai . rej el ection
gesture i ﬁdSI uded %f e?’eé’ngé A (a)nwer&%’f ges%:uf e?fzsurrercé’ rl?e%mﬁéégnfmgﬁ%%te?g Sﬁegl lélt | east
some of t heoidakowitetsirasions k@ociatedivath the dhritienceettulé g the dnterfagpispifatd,  wher ei n
position elenents are disposed on the interface surface, the sensing

devi ce bei ng cothsrejlypryd! O willimere digmeter arsp of dissadedslatetipdisative| o A fEHE it s
used to dica hbiRlehandcalidhatibs € iddnffyWe daRing fitlhe surface, the nethod
including the step of generating the novenent data in the formof a |ocus
of the sensing device in relation to the surface by ascertaining relative
di spl acenent of the sensing device over time with respect to at | east one
of the pos$itionA redtedesrosling 1d claify hewhedn e sdectpmepsturs irdudpsnat Jeast opshefr ei n each
mark has g ahikigthd fof uRERAS R i Somb Rk MERfornladion A Met hod according to claim
14, wherein the value of a mark is at least partially determned by its
position relative to the predeterm ned pattern.

13. A method according to claim 11, wherein position elements are disposed on the interface
surface, the sensing device being configured to periodically sense position elements as it is used to
draw the hand-drawn user input onto the surface, the method including the step of generating the
movement data in the form of a locus of the sensing device in relation to the surface by ascertaining

relative displacement of the sensing device over time with respect to at least one of the position

elements.
14. A method according to claim 11, wherein each mark has a plurality of possible values.
15. A method according to claim 14, wherein the value of a mark is at least partially

determined by its position relative to the predetermined pattern.

16. A method according to claim 11, wherein the predetermined pattern includes a plurality of
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16. A method according to claim1l, wherein the predeterm ned pattern
includes a plurality of NPX026-SG 61 o lines. 17. A nmethod according to
claim 16 wherein the lines are not visible. 18. A nethod according to claim
11, wherein the marks have centers and wherein the relative spacing of the
centers of at |east one pair of adjacent marks is | ess than about 12mm 19.
A net hod according to claim1ll, wherein each mark has a m ni num radi us and
a maxi mumradi us and wherein the lengthh of a mark's mnimumradius is
greater than 40% of the length of that mark's nmaxi mum radius. 20. A system
for enabling user interaction with conputer software running in a conputer
systemvi g,..an interface surface containing information relating to the
conput er sortware and i ncluding coded data indicative of a drawing field,
the coded data conprising a plurality of substantially wundifferentiated
mar ks positioned relative to a predeterm ned pattern; and a sensing device
whi ch, when pl agestthoMacastdiogpe cRin M6avhpeis ke ilitdd ate @btatsibiee t 0 the interface
surface, senses at |east sone of the coded data and, using the sensed coded
data: generates indicating data indicative of the identity of the interface
surface; and generates at |east one of novenent data and position data, the
movement d%t a bdimagod pesetiding toj dlaém bF, wherein ghe matkp bavel espiets andwheppindheigletivee| at i ve
to the i ntRLifAGehe Sihteksf RlealtBfe JAR Sf ddjabie HiAltsds IBS Aabolt Netheat i ve of the
sensing device's position relative to the interface surface; the conputer
system being configured to: (a) receive the indicating data fromthe
sensi ng device; (b) receive at |east one of the novenent data and the
position data f Aomethddeacseding togelabe Vi lc @vhereifl ghchi ek thasf 4 ntifimund radivis regd f2i el d from
the indi callng, %Lfa'nd aRdeid A le?g?r?{]fatnﬁrkts%niﬁlmpauﬁl% Rl RER, Blnd 1GRRE Partly
in reliance on at |east one of the novenent data and the position data,
and i n aceBhamps maFimpm 248t r uct i ons associated with the drawing field,
NPX026-SG 0 62 data and the position data, and in accordance with
instructions associated with the drawing field, wherein any 10 mllinetre
di anmet er ea of the coded.data includes sufficient infornation o]

i dentify the dr AWWHE" T SFGInE YT IReacion Wit com urteélisc‘r?{{g;)v ‘o ¢l éin%az%fnp‘ft%e
conput er sysmein further being configured to associate

an interface surface containing information relating to the computer software and including
coded data indicative of a drawing field, the coded data comprising a plurality of substantially

undifferentiated marks positioned relative to a predetermined pattern; and

a sensing device which, when placed in an operative position relative to the interface

surface, senses at least some of the coded data and, using the sensed coded data:
generates indicating data indicative of the identity of the interface surface; and

generates at least one of movement data and position data, the movement data being
“indicative of the sensing device’s movement relative to the interface surface, the position data being

indicative of the sensing device’s position relative to the interface surface;

the computer system being configured to:

(a) receive the indicating data from the sensing device;

®) receive at least one of the movement data and the position data from the sensing device;

©) identify the drawing field from the indicating data; and

(d) operate the computer software at least partly in reliance on at least one of the movement

data and the position data, and in accordance with instructions associated with the drawing field,
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at | east one of the novenent data and the position data with the draw ng
field. 22. A systemaccording to claim 20, the conputer system being
configured to send data to the conputer software indicative of at |east
the drawing field. 23. A systemaccording to claim 21, wherein the draw ng
field is associated wwth a visible drawi ng zone defined on the interface
surface. 24. A systemaccording to clai¢;20, wherein each mark has a
plurality of possible values. 25. A sygstem according to claim?24, wherein
the value of a mark is at |least partially determned by its position
relative to the predeterm ned pattern. 26. A system according to claim 20,

wherei n t g, RSeb&foT e dhdiRidGidcd M ilHRHoR aRbdbidd Widh te Bhwind kS, 27. A
system according to claim 26 wherein the lines are not visible. 28. A

syst em accor di NGnhtrein edydloMidiRetreMileRl Hed dTehe FBdH JatAMBIE QitcRAtSnfaREimher ei n

t he relatiVﬁ ,&pacing %“ the centers of at |east one pair of adjacent marks
is less t AT d29. A system according to claim20, wherein each
mark has a m ninmumradi us and a maxi rum radius and wherein the length of a
mark's mnimumradius is greater than 40% of the |length of that NPX026-SG
0 63 mar IQIIS ey sSI}EéB z{c_@tg&ﬂ@to clgigr ZOAhé%ﬁlE)ﬁEps%ftemefGr%J_ Beﬂlg cMﬁ’inged tHhsSdcRet 1 ON W t h
conputer software’running 1h a conmputer systemyvia: an Interface surface
cont ai ni n@t lpasfone phacimemeniert dae plghanssitionaata yith e dpvisefiddyar e and i ncl udi ng
coded data indicative an identity of the interface surface, the coded data
conprising a plurality of substantially undifferentiated nmarks positioned
relative a predeterm ned pattern. and a sensi i I en

pl aced i ntzgin opéxrS %?W/aeccoﬁousl% ? ic%rrln 2(r%)é %f(}m\%tert%S%?rﬂ%mgggngfg‘%g&ctg Se\ﬁg‘sér% a(t:ﬁegﬁ,1 senses
at | east sommtepfofiwireindicatiechiddeast therdhwingdiedg t he sensed coded data: generates
i ndicating data indicative of the identity of the interface surface; and
generates at | east one of novenent data and position data, the novenent
data bein i ndi cative of the sensing deyice's enent. relative . to the
interfaceg§urfa€b9ﬁ?ﬁ@”88§?ﬁ1ﬂﬂmgitgﬂﬁ@}%ﬁ aWWﬁ%qéfﬁvgmﬁ?gpﬁ aggﬁging

devi ce' s pagint zan ddfeédahithedntdriacetsiidace. Nt er f ace surface; the conmputer system
being configured to: (a) receive the indicating data fromthe sensing
device; (b) receive at | east one of the novenent data and the position data

fromthe sensing device; (c) performwitten gesture recognition in
rel ati on b at PAeustam asepadingto claim 20, wherein each mark hasa plurality of possibl¢ values.

25. A system according to claim 24, wherein the value of a mark is at least partially determined

by its position relative to the predetermined pattern.

26. A system according to claim 20, wherein the predetermined pattern includes a plurality of
lines.

217. A system according to claim 26 wherein the lines are not visible.

28. A system according to claim 20, wherein the marks have centers and wherein the relative

spacing of the centers of at least one pair of adjacent marks is less than about 12mm.

29. A system according to claim 20, wherein each mark has a minimum radius and a maximum

radius and wherein the length of a mark’s minimum radius is greater than 40% of the length of that
NPX026-SG



at | east sonme of the novenent data; and at |east sone of the position
data; and (d) in the event that a witten gesture is recogni sed, operate
the conputer software in accordance with instructions associated with the
witten gesture and the interface surface, wherein any 10 mllinetre

di aneter area of the coded data includes sufficient information to
identify the drawing field. 31. A system according to claim30, wherein the
sel ection gesture includes circunmscrikind or underlining at |east sone of
the information. 32. A system according to claim 30, wherein position

el ements are disposed on the interface NPX026-SG 64 0 surface, the sensing
devi ce behgggggﬁkhﬂgﬁﬁg to periodically sense position elenents as it is
used to raw t he hand-drawn user input onto the surface, the systemthe
conput er system being configured to generate the novenent data in the form
of a locus of the sensing device in relation to the surface by

ascertai nBmg r elaadystste ofliesaplirgCBerEiRtradion Witk coreputsr REftwd@ViumingOiv @r cotmpure Wi t h
respect to %tvleast one of the position elenments. 33. A system according

to claim30 " Wherein each mark has a plurality of possible values. 34. A

system accor di n & &gg&l‘b %kﬁ%eﬁgntamﬁm&&ﬂ?atﬁg ltc}'{ﬁe &ngtﬁeer @Wv&iﬁreiﬁd iﬂ@ludﬁ%gs t

partially determ ned _Its position relative to pr edet er m ne

pattern. 8®ied datasipdieativg acidentity; 94 hetiggerfresurfrosothe oded dtacoppsing 2!t 9 ned
pattern i aehhEeIs vadiférettiabd hatks@bsititdr@stive B profetepnib€paman;aad di ng to cl ai m 35
wherein the lines are not visible. 37. A systemaccording to claim 30,

wher ei n t he mar ksemiay devive nthivhswizn (hlasdiein en ppdritige pesitat iralaive opthe integfagf t he
centers Olufle LARSE 1R RAt fi Bliecifth AFCRIng BRLSRdlcdiey 822 than about 1zmm 38,

d . . .
A system according to claim erein mar as a mni mumradius and

a maximm radi gélex%t@ginmgﬁgedaﬂ iddRGtivk SRR iBenBify oPthdBeHacs subfaddi M radi us i s
greater than 40% of the length of that mark's maxi numradi us. NPX026- SG

generates at least one of movement data and position data, the movement data being

indicative of the sensing device’s movement relative to the interface surface, the position data being

indicative of the sensing device’s position relative to the interface surface;

the computer system being configured to:

(a) receive the indicating data from the sensing device;
(b) receive at least one of the movement data and the position data from the sensing device;
(©) perform written gesture recognition in relation to at least one of:

at least some of the movement data; and
at least some of the position data; and

@ in the event that a written gesture is recognised, operate the computer software in

accordance with instructions associated with the written gesture and the interface surface,

wherein any 10 millimetre diameter area of the coded data includes sufficient information

to identify the drawing field.

31. A system according to claim 30, wherein the selection gesture includes circumscribing or

underlining at least some of the information.

32. A system according to claim 30, wherein position elements are disposed on the interface
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surface, the sensing device being configured to periodically sense position elements as it is used to
draw the hand-drawn user input onto the surface, the system the computer system being configured to
generate the movement data in the form of a locus of the sensing device in relation to the surface by
ascertaining relative displacement of the sensing device over time with respect to at least one of the

position elements.

33. A system according to claim 30, wherein each mark has a plurality of possible values.

34. A system according to claim 33, wherein the value of a mark is at least partially determined

by its position relative to the predetermined pattern.

35. A system according to claim 30, wherein the predetermined pattern includes a plurality of
lines.

36. A system according to claim 35 wherein the lines are not visible.

37. A system according to claim 30, wherein the marks have centers and wherein the relative

spacing of the centers of at least one pair of adjacent marks is less than about 12mm.

38. A system according to claim 30, wherein each mark has a minimum radius and a maximum
radius and wherein the length of a mark’s minimum radius is greater than 40% of the length of that

mark’s maximum radius.
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