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1 5 SEP 2004 WO 01/89838 PCT/ Al'l OO 00517 la BACKGROUND Paper is wigfégmh
used to display and record information. Printed information is eas1i

read thamwouoisgssest i on di splayed on a conputer scree;. HanGscqyuforsand
handwiting afford greater richness of expression than input via a

conput er keyboard and nouse. Moreover, -paper doesn't run on batteries, can
be read in bright light, nore robustly 5 accepts coffee spills, and is
portabl e and di sposabl e. Online pubBA€¥EROENIas many advant ages over
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as a mg age, an SVGA conputer screen displays only about a fifth as
much i nf or mat From the BoblisheGRPRt afirdewl. GDsosts af/ rintiky &g hhysiess SistdlublonCedlimMaitd, and the
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data; ‘a bi-level decoder to decode any conpresse i-lev I mage plane in
the received conpressed page data; a tag encoder to produce a tag inmage

pl ane; and a hal ftoner/conpositor including a dot nerger unit controlled by
a color mask to effect integration of the i mage planes and tag data pl ane.
The print engine/controller preferably uses a high speed serial interface
at which to receive conpressed page data. Page data may include contone

i mge planes that are decoded by a JPEG decoder and they may be scaled in
the hal ftoner/conpositor under control of a margin unit. A bi-level imge
pl ane may be decoded by a Group 4 facsimle decoder and it also can be
scaled in the hal ftoner/conpositor under control of the margin unit. A
preferably infrared tag encoder within the print engine/controller serves
to produce infrared data Iine by line in step with processing of the inmge
pl anes so as to place infrared ink printed tags into a printed page. The
purpose of the tag encoder is to place tags over the-printed page in such
as way that they can be read at sone later_tinme by a suitable pen or

equi val ent device. Each tag can be a 2D package of data (although the tag
may be printed on an arbitrary shaped surface) that is to be witten out
and able to read later. Typically there will sone data to be stored in the
package that is witten to the page, although sonetines the nere presence
of the package of data (our tag) is information in itself. Wth the
present tag encoder it is desired to wite out lots of these packets of
data all over the page. The generation of these packets is controlled in
any or all of size, structure, and how the data is stored inside. The tag
encoder and the Tag Format Structure (described below) gives this control.
The Tag Format Structure allows the tag designer to specify for a given tag
whi ch dots are printed-as part of the
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physical printed tag structure and which dots are to be derived fAgnyEMMG
data. The data part of a tag is broken into variable and fixed portions.
The fixed portions are the sanme data for each and every tag on the page,
while the variable portions are specified for each tag. One limt case
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fixed and VAT abl'e comnpone tag ar to generate tags dot by dot
delivering themline by i ne to a conp05|tor as i mage pl anes are
conposited. It can encode 20 fixed data for the page being printed,
together with specific variable tag data values, into an error-correctable
encoded tag



,Which is subsequently printed, usually in infrared, or soneti "?55 'P]@P RB&aCk
ink on the page. The tag encoder ideally regularly locates tag age,
i deal | y pwoaoi/mgpssags on a preferably triangular grid. Thosgskiee: (ﬁgnl n the
art will recognise that other tag arrays beside triangular m ght be used.
The tag encoder allows for both | andscape and portrait orientations. Basic
tag structures are rendered at 1600 dpi, while tag data is encoded as
arhitarlty shaped macrodots (with a mninmum 25 size of 1 dot at 1600 dpi).
The out put dot stream m ght be created in an output order set to match a
particular printer, although those skilled in the at will appreciate that
ot her regi nes m ght be evol ved. Further, -ghose skilled in the art wll the
advant ages of use of infrared ink, not visible to the eye but detectable by
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The invention defines a template that gives a generic data package that includes dots that are always off, always
oo, and derived from the encoded data  This allows for development of any of a range of data package defintions,
including macrodots of different sizes, large objects.to help location, and se forth. Tag struchures might be stored in
- 35 sssociated DRAM where implementation does not involve fabrication of an ail embracing chip. A trivial extension is to
have the tag strocture on-chip instead of in the extrernal DRAM.
BRIEF DESCRIPTION OF THE DRAWINGS
Preferred and other embodiments of the invention will now be descrided, by way of non-limiting example only,
with reference to the accompanying drawings, in which:
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Figure 15 is a schematic block diagram of duplexed print engine Cﬂg\,&@ th%\rs
and Meooj et O printheads associated wth the printer controller

Figure 14; 20 Figure 16 is a schematic bl ock diagram of the print engine
control | 8%Y¥O8H8#R i n Fi gures 14 and 15; Figure 17 is a per agavivoemoxirew of a
single MenmjetD printing elenent, as used in, for exanple, the netpage
printer of Figures 10 to 12; Figure 18 is a perspective view of a small
part of an array of MenjetD printing elenents Figure 19 is a series of
perspective views illustrating the operating cycle of the MenjetO printing
el ement shown 25 in Figure 13; Figure 20 is a perspective view of a short
segnent of a pagewidth Menjet” printhead; Figure 21 is a somatic view of a
user class diagram. Figure 22 is a schene4ic view of a printer class
.diagram Figure 23 is a schematic view of a pen class diagram 30 Figure
24 is a schremuge tpplicgionservgf an appl i cation cl ass diagram Figure 25 is a
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di agram 40 Flwwmaﬂmmwmmgweﬁ@wﬁmamael ement specialization

cl ass 1@ agr amﬁgul%llgur Schetmirid ocPaiah % nggag,c 2%l k8l SS

di agram, ?OZ gl / 99 ﬁ/ 517 |pgnur e sdsamég’herrat I C
vi ew of atext ﬁme BB s a schematic view of a
signature fi eI%1§§§sﬂ?°aﬁ?°aﬁgfh°Wﬂlen@&cmwaofHMhart of an input

processi ng al giguiet s ai-tubpegecepotifeo iFRure 1 kB vaig| s Ebtidnl oDIE liBlicted Bint RREes SlaGie Fheatt NE
flowchart gfmiy;gure 38, 5 Figure 39 is a schematic view of a page server

descr 1 op ol S 1353 gRuRKheThue ok o 0t B b e e o o pSpPES o
l'i st cl assE@ray™ % Figure 42 is a schematic view of a history list class
di agram F gurw4kswwwv1a%wﬁmm&@ﬂ%m%|ﬂﬁﬁ*sﬁraﬁilQCOl
10 Figure 44 iz 19 ShammRie ikl il of SurllR Bk bighe tha fikB3 R Al
Figure 45 | am&pg%l C, Vi e\ﬁ a hypedi tiva |on pro |gure 46
|san?thh I C VI ew mSS|onprotocoI . Figre 47 is a ‘
sche Cc Vi evﬁwlémemwmmwwﬂﬂmwmﬁmumﬁs
 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 pert of an array of MemjetD printing elements;
ngre19isas::iuofperspecﬁveviewsﬂlumﬁngmeo;;mﬁngcydsofmeMemjetE]printingelmnunshown
25  inFigue13; ' ‘
Figure 20 is a perspective view of a short segment of a pagewidth MemjetD printhead;
Figure 21 is a schematic view of a user class diagram;
PigtrreZZisasdm_mticvicwofaprim&classdiagmm:
Figure 23 is a schematic view of a pen class diagram;
30 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 docament and page ownership class diagram:
Figure 27 is a schematic view of a terminal element specialization class diagram;
Figure 28 is a scheraatic view of a static element specialization class diagram;
35 Figure 29 is a schematic view of a hyperlink element class diagram;
Figure 30 is a schematic view of 2 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;
40 Figure 34 is & schematic view of 2 fild element specialization class disgrem;
Figure 35 is a schematic view of a checkbox field class diagram;



Figure 48 is a diagramillustrating data flow and the functions pe( ?{ﬁ%ﬂ
by the print engine controller. 15 Figure 49 shows the print engl

control | efyg gisgodyg context of the overall printer system arf@éﬁgw ﬁ7
Figure 50 illustrates the print engine controller archite a re 51
illustrates the external interfaces to the hal ftaner/conpositor unit (HCU)
of Figure 50. Figure 52 is a diagramshowing internal circuitry to the HCU
of Figure 51. Figure 53 shows a block diagramillustrating to process
within the dot nerger unit of Figure 52. 20 Figure 54 shows a di agram
illustrating the process within the dot reorganization unit of Figure 52.
Figure 55 illustrates a placenment of tagsgin portrait and | andscape nodes.
Figure 56 represents the paraneters used to define tag placenent. Figure

57 indicates aHgati6ibiARnkioGerRt Bxlibl H8I spthuct ure. F gure 58 shows a
circuit by whi eperate a singl e ot 25 Figure 59 shows a
Reed- Sol onon ba ed c'?r%hu enc&ﬂ?ﬁ%‘fﬂ%f%ﬁg’émbam LED DESCRI PTI ON OF TEE
PREFERRED ENVBOBISWERSS? fonghereof sjppyigrasessingjalgorighnt r ade mar k of Si | ver hr ook
Research Pty L (Fire 8 stadadibdowdnit df b sty obibetlov@sk: @Fp@sigent , the invention is

configuged to \@[,,Jg;,-g%;s&ﬂg“g@gf mqg;mlglﬁg% gpiputer system a 30
OWS. gppreg dted that not every

det ai l ed oveer%m?%; Ich foll

i npl emrent ati on e S 1P 87 = BSPTER gscotion <3 disgARin npst of the specific
details and exFEwsHonkschdmatie vieyses elfainaifcolist dass diagdvat i on to the basic system
However, the smﬁemu&chmdﬁsmd&yedmrﬁhst&a&m conplete formto reduce the

need for exterwm[ﬁﬁ&egﬁng iR Lo understand the context in
whi ch tlae pref%rregl4 odi nents an as ecggmh?mthe present invention

operate. In bri&re °Y‘ﬁ’e°fb?y8‘f”@’?‘Fﬁ‘B"tFlﬁfW the netpage system enpl oys
a conputer int m&%ﬂsﬁhﬂﬁﬁewmﬂfﬂmwwwﬁ surface, that is, a
physi cal surfa&mﬁﬂm&m&aﬁmmﬁﬁﬁﬁnﬁﬁﬁﬁﬁom a map of the surface

mai nt ai ned in Mmym E ences can be queried by an

appr opri ate serf,.ls! ng,.deyvi ce épem fic inplenentation, the
i%erences &‘Be%%l&gﬁ?‘?%'? RefigEmed by e iinifadine macltn such a

vvay t hd? a | oc&l Mwmm%mmf%GMWm@wus map

reference bot hFgirt 50 ilustrdted thepiat sagied cafiRGreti-ffr@r ent maps. The conputer system
can contain i S8kl Bt ekl el L,Pg [RR ce.,and such

i nformati on caﬁg%é%r.et |ev?e?g ?)aaéed o%oeﬂiﬁgﬁ?re e ences%i%Hsu |5?ad by a

sensi ng devi ce Use R CUpHEsFe3t-or mati on thus retrieved
can take the f%ﬁ%!?@h%@%hmﬁ@%@z&lﬁtﬁﬁwer system on
behal f20f the wwmamammmsﬁo&@mmm@ o R bAghien W th the 1
5 SEP 2004 VWO @888 8 aHAHA00 ﬁoﬂmﬁ g;{sﬁ fgatures. Inits preferred
form the net pa%ﬁ]%ystem relies on t pro uc on of , and human interaction
wi th, netpages he peraetas ud R¥=Mi cs and i nages printed on
ordi nary paper HE‘HEJ?WH%M@H%WHMN ive web pages. Information is

encoded on eac Fgpasfchaws i tinitbikhishtid gedirale sitgitltglagnt i al |y invisible to the
unai degShuman @ig@e s9khtr b Reéa-SoRBWENAERE cireiMikodnlsAG ity T he coded data, can be

sensed by an optically imaging pen and transmtted to the netpage system
In the preferred form active buttons and hyperlinks on each page can be
clicked with the pen tBETASHERRESCRIFFIQN O I'HE FREFEBRER FMBORIMENTR or to si gnal
preferences tommmmmdsﬂmmmmmi ext witten by hand on

a netpage is au G/ prdtneembibimeR HROVed s & %Qﬁ.ﬁpmw
net ovililv? ,Bpmlﬁfj | ren
si gﬁggﬁ?zg%gor% d %Mr?ﬂ%%lgt page are au orra’t""tf:m?’l“? ﬁ“?’ﬁ“@lgw'ﬁﬁ“gﬁeﬂ‘%s all or
e- commer ce below, iniralagien ?@ﬂbﬂﬂw IHGWFMW
Fi gure 1, M@memmmmmmmmgmumem be
filled in IsAcH diecpreft@rerembodiments and aspects of the preseat invention operate.
Inbriefsummary,ﬂ:cpmfcrmdfomoﬂhenetpagesystememploysaeomputerintafmeinmefomofn.mxpped
35 suface, that is, a physical surface which contains references to a map of the surface maintained in a computer system. The
mapmﬁmmsunhquﬁﬁbymwmmﬁng&mmpm@gwmespﬁﬁcmlmmﬁmmemp
rcfemncesmaybeencodedvim’blyorinvis‘bly,andchﬁnedinsuchawaymaxalocalqneryonﬂnmappedsurfweyields
munambiguousmsprefmcebothvmhinmemapandmgdiﬂ’mmtmaps.'Ihecompum-systemmnoontain
hfmmaﬁmabOmMmmemapMmﬁcamdmmﬁmaﬁmmbemﬁwedbmdonmapmfmm
40  supplied by a sensing device used with the mapped surface. The information thus retrieved can take the form of actions
whichmﬁﬁﬁatedbymewmnasysmmmbebaﬁofthecmmmponnmﬂwopmm'shatancﬁonwiﬂ:the




bot h physically, on the printed page, and "electronically", via
communicati on between the pen and the netpage system The exanplé5sﬂﬁﬁﬁma
"Request” form containing name and address fields and a submt button. The
net page ¥dM81/89838 of graphic data 2 printed using visiblepcrkausrmdsgoded
data 3 - printed as a collection of tags 4 using invisible ink. The 15
correspondi ng page description 5, stored on the netpage network, describes
the individual elenments of the netpage. In particular it describes the
type and spatial extent (zone) of each interactive elenent (i.e. text field
or button in the exanple, to allow the netpage systemto correctly

I nterpret input via the netpage. The submt button 6, for exanple, has a
zone 7 which corresponds to the spatial egtent of the correspondi ng graphic
8. As illustrated in Figure 2. the netpage pen 101, a preferred form of
which is stwdsrfestesti gures 8 and 9 and 20 described in nore deta|I bel ow,

works in conj ums;heammtom %ﬂ%rﬂ&'oﬂﬁgﬁmﬁ%o@aﬂd S ke O gﬁéﬁ?%ﬁe

printing agp ( rne fice.or ess
and comun| c‘%‘gs s‘f%ﬁﬁ?% #%W%W%P%%W&P’fb%&@mmu 0

link 9. Th’é"qﬁ%@g‘é‘hpﬁ‘sw m’SB@"h %ﬂmﬁﬂr jnedble to thnumafded finingiheye. Thesinlo Wwelven, and

Fi gures$ 11th¢r¢ymeMm%WMy@@ﬁg@hhduM%&w&ﬁmho del i ver

periodically q;lﬂg ;ﬁéﬁ@ E*Q@ %}atal 8gnd

br ochur esv%r&%é%)t her “ﬁﬂFﬂ%TUbl i catl ons rintetd a

i nteracti ‘?‘L@F@?ﬁﬁp ‘@HW‘EI’EIFBF hmem#?gwag@ Wé@d%a an
~appl i ance WHW%WMWWWMMMMeMWﬂhmM&mmMre

t he norni nig ohe edbotisherdts, ﬁaﬁmm&aumdan@%aﬁmmanﬁmmo&mt%&m& el @Mlod to
br eakfigpt gegg&,gym%mg@ar the househol d's point of departure for the day. It

al so conmes in aﬁ) deskto tabl e and mniature versions. Nerpages

printed at thel IE'B‘F““’clo 1 EB AR 2ifeective mn Wi Gade Siled iy dhe uge t h
the ti nmel i wéebysigiy on 38 rrvisdorsscnd Yﬁleeﬁym@ﬂfa‘m dompmencaiot bew@enripchen iml thé\SenBiRGwEm N

Fi gure 2, Tﬂammﬂimgames&@&mmmrnamMWM&QQM%@BMJ&%@%

net page 1 GBI HG RliiSvisi 1he

I nt er aGf i oﬁﬂgo net page gnr bﬁ;%@mﬂcﬁ ri n?ﬂ%%ﬁg&%%ﬁéﬁe Tt eraé'i 6™ o
the rel evaﬁ@%%sﬁﬁe% é ‘\'fg?n P D5O¥PF e oSl A imngividua) sirmeninof Sisrptpase o
ci rcunst an@iga fiifescybayythe Sy 1d spatizk st GoneoNt rewh swrdiv GenvatsG@ Get fiehl or button in the
'?'Egl :a(p:)glt : Cihe 5,;,%?&& d;@&;i h Bglm%gg?ﬂwm on?gl which is pri ntee%s?)n
t he ori gi nat |7(r?&d§r| nt.er e net age Sys ed%s made consi derably nore
convenjent in %H@ f“éﬁg‘gﬂ L6 b?%@"ﬂj""ﬂ%&“‘fhﬁ‘ “‘EMtﬁﬂFPﬁ Hpd\fj oy
hi gh- eMWBMM&Memmsm@mmma@admmm@MM

printers. fohoid ef@ropinobilk 66l Thé Ré Fwidlesd i HmBERIROLREY witl 1B rdtbigy findér Vi AhorSREEd
and hi gh- gi@diky printing is nade nore affordable tglconsunelrﬁt‘ Inits

preferred for a netgﬁa.gre gubll tlon has t he ph¥§| cal charact eristics of a

tradi ti onal ne formof gl is haym T Figurse 1 & 13 @nd flesgabed) i mopp Agtail
printed i n@ﬂi#“&d‘r dsfivep, merlodiealiy o5 jon|degundipsmoreliztdogwspipay, mhgazines satajogn brodhgyed sebdbeand

conf ord%abl mblieeios) amgm&l’ h&mqﬁmmﬁ&zﬁwm iﬁenbﬂaﬁeoﬂﬁmu{a&e@a\é@hﬂu&bwah ty

of broadb 004
VO 01/ 8983? “sg;r/] 5@0100 17 5%'%?@@’%‘ s Mt b ol 1
cabl e modem Service-orfertng 'anl)’r R B %FW@E M&%%W%WWW e
to 20% of fefeR@ortshipand miniayEryEsionsi nt er can al so operate with sl ower
connections, btpages tpiatddon gieir pole df versymptiinNEBAbitEe ka@wBise of PapE Cvili UR ticheYiness and
| ndeedB0 t hwaflip 308 miysbeB&al be enabl ed usi ng exi sting consuner inkjet
and | aser prin W th S I ate nore slowmy and w ||
t herefore be Ixésss aclzn?:ﬂé%'rL L&Wﬁg&ic%ﬂﬁ%\lﬁ%r J“ﬁ PP 'ﬁ‘y calgs,
enbodi ment B2 * LAEHE VP& EEFAFOR. toy ARepage Prisyse- ahwﬁ@%mmm orthecel¢vint
ot her emommswﬁéf%mmmwmmwmsavmeaglaeuw@aqamgwm
conput er - eﬁamnedco&@mr&e&waﬁu&hm@&; DPnefhge BipBlation NG¥eP B0 She bR bakiSrA @ Thay & ME hha 14
on t hezget pags wigh w%%d to deliver print-quality publications
to netpage prjnters. Perl odi ca [ications are delivered automatically
to subscri bi ng nef}%é"‘ﬁ?ﬁw?ﬁw B JRomt CREHTh g theyeferred embodiment by being used @
conjunction with high-speed microelectromechanical system (MEMS) based inkjet (Memjet™) printers. In the preferred
form of this technology, rejatively high-speed and high-quality printing is made more affordasble to consumers. In its
preferred form, a netpage publication has the physical characteristics of a traditional newsmagazine, such as a set of letter-
40 size glossy pages printed in full color on both sides, bound together for easy navigation and comfortable handling.
The netpage printer exploits the growing availability of broadband Internet access. Cable service is available to




mul ticasting Internet protocols. Personalized publications are flkkfgﬁ%m nd
formatted according to individual user profiles. 10 A netpage pri

be confi support any nunber of pens, and a pen ca any
nunber o?wbﬁg?%gge printe s. In the preferred |nplenentatﬁgﬁﬁgg&%ﬁkkgtpage
pea has a unique identifier. A household rmay have a collection of col ored
net page pens, one assigned to each nenber of the famly. 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
net page registration server 11 and |inked to one or nore paynent card 15
accounts. This allows e-commerce paynentssto be securely authorized using
t he net page pen. The netpage registration server conpares the signature

captured bysd fRoR@bRAYRe DGR el Buctail &Wcé’oﬂ&rﬁg brodatb ey AL M LiRady available

al | owi ng i t, Jop o A BENLI Cal e the user enti CONMEr ce server

t0._an
Ot her  bi onetrl o can EPEBE T © WMQ?”V‘?"U%WWTW“%W%‘PW“&F‘“QH‘@“
net page pe%@ﬂ%@@%%@%ﬁﬁﬁ?%mlﬁwmmm 294 et raintemaliholgh e he

net page regseh v opeﬂ:emvmvdy B tilohkgHforebenat m@ablphbme&mws Bl io¥ Gikw, In other

peri odi Bal Smuickhttfe P,gmpﬁ | nery nti o

can be confl Ell.lnl’aﬁd never to de |ver\,¥3ﬁso I C tegﬁ%unk na ﬁﬁ"ﬁ%ﬁs’ﬁ{% e‘Pngd
form it oflS  BEFTHEF S BERIBHLE Pt PGt ePLT r i bed or otherwi se authori zed
sources.. |n t Neest pblication seryenid4 om bt puges motwbrkeee cinSigued ltd deliven prinagoaiiRpibiicatRnOn
e-mai | accmwmmo&wmc&mlaemua%w&hymw \mﬁukﬂﬁieﬁv{a*a&nmm and

t el ephone RIRGH: Blems gg‘["y

obj ect 4 qodel [ %he ls%stem I'S gesg?lg g us

(UML) class di PW&B‘I‘P’S?’&%‘“’OF“&W&?* wtnumberof
cl asses coﬁ%&‘tm;lﬂ e prafesyed ippleinentationg pach tetiege Iptorbasa wifquer iddadfic:. Gishicipll Ry @ave

i nt er est hmmamwwmmmaesmmwm.aﬁs%a%pﬂaﬁmﬁmS

sone kind %&%@LWQ@W ?g petween instances of

cl asses. A geng rngmgzatlo rel ates act ua sses, and can be understood in
t he fojﬂéowl ng wa 28 EEeed With HeRRe Tegiftation sy 1 andiinksf to gpeior By spet carl

t hat class Xcemy MSWIQMQIQMDM&MMHBWmM

subset of Auver TimpardsiheTsignahere capiied bﬁﬂlﬂﬁﬂiaké’peﬁu@@@rﬁwﬁﬁﬁqgﬂ 3

:Nlth tCIhgsfl ENS of theE ;ﬁmﬁgggﬁwlo} |st o?étﬂ%e gﬁ "e?&%?”w of

cl ass, separa € g7 ey P’ﬁml‘ﬁ&m&“ﬂ’ﬁ“of t he
operat i ons of Although| a-patnage primigtina deliver pyriodivals Iawh gsttiermiotisg eevisjager witipyt uaer ervirgian ital
line. 20 thﬁbﬁhﬁ&eﬁeaghaﬂﬁummbdfuﬂdﬂmﬂ% its @&m.;&ﬂ?&ﬁ&&s(}%m@diﬁoﬂ%%m
model | ed. . maasa@mwwca

49, clas 'v&@]?] I y
| abel l ed a f)hehnemg] W tgmt L"éf‘?ﬂnl Cl ?gj#%%ga aSS0CI a | on

def aul t nu atesanultlpI|C|ty of

"many", iel zer ge,Rystem Arghfiectu®s 5ssociation is optionally labelled with

its name, and N%MMW%MMQaWIMgW)MWA%

the copsespmpei difiss bASS: of ;&. mmm&%&&ﬁd&m{
dravvn at the fﬁe

associ atio | S - rt-of ig agg‘-&fl at or

associ ation | Pre” TR EERETIRPT 24T W?e’f"é‘f‘?‘ B ALK Diset d"l‘F‘l‘Y@“
j oi ni ng tm&‘ﬁ%%@?“nwﬁwm%%qdmw ﬂoperfpﬂwntmrpgﬂxe}datm
t he gener altioushtof & the et of, 21l 4igeck\hidlnt JasC knd Slsss 4 isagEraalizhiin iciads BN (® i didyly JaMsétiofid. e
di agr ans, WMMWWE SieSauRs diskh a dashed outline in

all buggthe nma [t | ho, th atf tes only
wher e ?{t) S de?zﬂingli ]&1"5 W?%@g %@ W ég‘l“m%’ f?h°
NETPAGES Né‘f‘ﬁ PH} TR 9¢- 492 KAHAT e osratiqasiof i fassysepappisel from the apiyusedise
They provi aymmbmwmwmwbmmtmmwwrm i on and

NOt i Ve Ser Vi Cedn asociatvh asem SQANS johisy 10§ d@sc@BﬂnBJaﬁ,dabQﬁ&&d(h&rm@hﬁ%e MG EAE§ the

r egi on) i n\‘dso%iakunm M&QJ&L%%&&? ~}i9¢ggsda peﬁ tenﬂﬁscrlgml op, of. the

age. Qnl i r e (e n I's nalntal ne net pa
Bage server g%naﬁl Isabe.ﬁed tL?rsname,an d is also optionall ed at either nd mthl:hem]epof
das&ﬁmopmdmnondmdwatesmaggregmonasmauon(‘ﬁs-pm-oﬂ.andlsdrawnanheagmgnor
end of the association line.

A generalization relationship (“is-a”) is drawn as a solid line joining two classes, with an arrow (in the form of an
open trisngle) at the generalization end.
40 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.



description describes the visible | ayout and content of the page, inﬁﬁgﬁMng
text, graphics and inages. It also describes the input elenents &@

page, including buttons, hyperlinks, and input fields. A netpage allows
narklngs‘ﬂ%883 8h a netpage pen on its surface to be si PETIAISH0SITY
captured and processed by the netpage system Miltiple netpages can share

t he sane page description. However, to allow input through otherw se

i dentical pages 10 to be distinguished, each netpage is assigned a unique
page identifier. This page 1 has sufficient precision to distinguish
between a very |arge nunber of netpages. Each reference to the page
description is encoded in a printed tag. The tag identifies the unique page
on which it appears, and thereby indirec8iy identifies the page
description, The tag also identifies its own position on the page.
Characterléﬁlcs OETRRRS tags are described in nore detail below 15 Tags are
printed in i nfNepags aalte douptation @n Witk aGitp@iusmsikt iSiniltaThey Whlide B pipS-based user interface to

i nfrar ed- r ghlgQtdoEatioS e Riedivelbiiinar y paper Near-infrared wavel'engths are
invisible to the human %y§ byt are easil sensedglé%l a solid-state image
é BEI Tl

sensor ﬂnth an’ “H5F ERP PrpUfd, Bage (ar oty Tegiom) & iR or
i n t he et fragjetiop enthe page| %Mm@mh%mmmnxb % 1vpaga @iep dger. Jys pagen

via the neésdfion Baiipa ge vigible RjoaTand it pwm&m&gh&ew&m@ﬂﬂ%&é h
the net pagEnd bikdkhE bn the Fogh dan%%m

n suf fi.ciently
smal | and densle)gy arrange cﬁg n can lﬁ“\ gﬂ Qap%ge at s ong1 ag
even on a sﬁ‘%‘%ﬁb’tsﬁ"é} “PFLE"" “P‘ﬁﬁﬁflrbﬂ’ &‘t‘“"’?he pen recogni ze
the page I1) awmwwwmmwtﬂowmmwmmmmww

i nt er at@ i o bt GistiSduiliet|e@S Setpagded GSsighddQ vR§uD papSiAMERE TRV st 16 BE QRN R R kFsidid}BR

partially {,ng,eg,raa gnﬁh;g,fopngﬁaggarrage The net page page server naintains a
uni que page in ance for eac rinted netpage allowing it to maintain a

di stinct set of*uEEFE RN o d5cenqodsl mja g tag; THF B idGopfies feunique page on which it
descri pti ommémbvm@mﬂempaguc d&@mﬁuemeeizaisp Glerifids [its et pusidan ch hie: gagege
descripti ommmahﬁﬁcpagememmddeM&;opri nted netpage is shown in Figure

4. Thegpage | mﬁm&ﬁ:&%@@&k@&h&mﬂ '}Lﬁ&&?y&%@@ r V"“'Ch
printed it andﬂg @ user % .. requeste |tmﬂﬂg

NEr PAOET AaSear T?i“’fﬁ‘g‘@fﬁ; "H"t" Do, s pas serspd by  slic fale. page gepsor W“h =
|dent|f|esW¥§’§Fon in which it appears and the location of that- tag-

within the reglu@axn&dma@mhaadﬁ@mmwﬂchmﬂﬂymmﬁ&&%mOn

as a vvhol e.ap&m{egﬁg . ggg; fod ¥i' £ a
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with the i M gy ot et ’Hé“%@ﬁé‘?ﬁg“ﬁ&ﬁ'&@“h%ﬁ’&"%
refer to atheese rnllplmhﬂt(ﬁﬂ the-pen P@gm%nhc PAge 2 tnd @eopiopenpvenpipteradtion withximmage csince the

i |1 uni nat emm@aWT@mﬁMwmmmBMmM¥mw 35 As
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entire pagaye megednsasce muioﬁmwﬁmtbhtyﬂ:smﬁakeﬁﬂd-v&t&ﬂw:eﬁ ittdod, ANGEWEh, the hetfagel 3@ wWhEN
can rel i ablyeddygge at | east one tag even on a single click on the page. It
i's inportanf,that EHI recogni ze the page ID and position on every
-interaction Wlthh{ age since the interaction is stateless. 40 In a
preferred ehbbdi FaPe t’:ﬁ‘E"F'egl on to which a tag refers coincides with an"

entire3age, alich réfered B, e bPidagiie dgaeion in Whith ittspgar, Sndttiedscafon bEhs 1y GAYTDLS
Wi th the pagen hikgGiy tibtcoR@d et ihictittiak o b6y &%a%ﬁ%%cﬂb'bn@%eﬂaghn%
the

enbodi nentg‘gg% ggﬁ %%@%%@1 fgdbPagT/ ,g?;peqf Q'nc%? t he reqi

tag refers rary su reglo STOBtRET sur ET I

exanpl e, i % hyryipg to refer to resm Anetpasepenmay forexample,:llummate
“zcuvem LEthmmthczoneofahypeﬂmk.
35 As will be more clearly explained below, in & preferred embodiment, each tag contains an easily recognized

invariant structore which aids initial detection, and which assists in minimizing the effect of sny warp induced by the
surface or by the scnsing process. The tags preferably tile the entire page, and are sufficiently small and densely arranged
that the pen cam reliably image at least one tag even on a single click on the page. It is important that the pen recognize the
pagcmandposiﬁmunwmymmmcﬁonudﬂ:ﬂnpaga;incetheimmcﬁmissmdess.

40 In 2 preferred embodiment, the region to which a tag refers coincides with an entire page, and the region ID
encoded in the tag is therefore synonymous with the pags ID of the page on which the tag appears. In other embodiments,



the zone of an interactive elenment, in which case the region ID ca
directly identify the interactive element. Table 1- Tag data Fiel dgr‘(]e%ﬁpsm@n
(bits) ianpoiXdsag | D16 | ags otal 120 5 Each tag contains

information, typically allocated as shown in Table 1. Asss}?m@rr{ghgﬁ%% mum

t ag den5|ty of 64 per square inch. a 16-bit tag I D supports a region size
of up to 1024 square inches. Larger regions can be mapped continuously

Wi t hout increasing the tag I D precision sinply by using abutting regions
and maps. The 100-bit region ID allows 210 (--10mor a mllion trillion
trillion) different regions to be uniquely identified. 1.2.2 Tag Data
Encoding 10 The 120 bits of tag data are.gedundantly encoded using a (15,
5) Reed- Sol onon code. This yields 360 encoded bits consisting of 6

codewor ds ﬁmﬁ&ﬂw@hbm&%@h&%mﬂgﬁﬁé p@ox&ﬁ@ﬁn&k'ﬂ%ﬁ? r%m?
error

(ra;'[ grzftlcj)pﬁ;g 33 % er %m%%ﬁ %Gi? syrrB'? ém?,}ﬁe%ea”%,ggv ey |n a

spatially ¢ y in the tag, and the synbols of the si x codewords are
15 interl epv dﬁwpatlallgmmmmhmm)thp tag This ensures that a burst error (an
error aff efEdighgo MUt thgy & SpatTatty} adj acent bits) damages a m ni num nunber
of synbol s Wall unber of synbols in any one codeword,

thus  mexi[@%Png t heli kel i hood that the burst error can be fully
corrected. Flags23 Physkcal Tag Strucfture The physical representation of the
tag, showng ' o] i xed target structures 15, 16. 17 and
variable RO - data arkbas 18 The fiked target structures allow a sensing
devi ce such as the netpage pen to detect the tag and infer its three-dim
or al cw5entat|Emhnehmmmwﬁmbccfh@msﬂmseﬁumﬂhmudaham@ﬁea&msmn&ahﬁgamummm

represent aﬁﬂf‘ﬁfﬁq’ﬁﬂﬁdﬁﬂe inagld mlﬂ%'m Riphotts Pxfcgénhﬁe of 9P ARk Qmﬂé‘ﬂ}r;g %&éhﬁ\@d
proper tag,Learos g ,E?gmlsllben ere t a.resolution of° 25

dot s. V\hen int.e RS “ﬂ’l“o‘g" Hips rogigns gpd weps Ty W0fbit or
of about 4% IQ\P“W st %FW%W%@W‘W@WM!W@UHOUMM by a
"qui et 25 T#&%a" Ted DataBiasding6 dots. Since the quiet area is al so contnbuted

by adjt@ent tagﬁlmlbﬁsoeﬁi&m%d%mééﬂ%&ed Ta'(”l% s?ﬁé@ﬁob)ﬁ?eode ’{ﬁ%g! %mm%fh
e

Somsi ng. de et HA8RRL §§%9§"Yé“é‘?‘t‘f’%e{’i ﬂf@éﬂg?ec“ S/l E3Pm ) b
because |t%@dﬁéﬁ@ﬁ¥ﬁ§wm%ﬁ“§#&3 suaioedy si rrpl e correction of |ts

aspect ratio, removes nost of the effects of perspectlve distortion. An
orientation axmﬂ@:s?dﬂo W ot CCLR Ao & e 3R BTN L
pl anaryg30 %MWV n% due to he agqu of tﬁe sensor -

orientation axi s 1S S ewe 0 il o5 fpasially il 049 \ o
targets 17 w&ke@#@dmmmeﬁrmbtwmmmam

perspecti va#WMM@WWn accurate three d| mensi onal
position and®dri eRysidal Ty SHuctuke tag relative to the sensor. t ar get

itvre‘r’éf“resga%‘gﬁ BOMRAGRb ot B ol FRERHE s i g wéwaﬁ%ﬁ%%?ﬁm

tag pdc MW%#PYaWMﬂ%NWWWWWWmW@
circular d roFifRgtiontrHstive itk amson Tod datiategsrcomeln eyng@nEmt ofife agibidasl BitstoS the
W t hi n t heencddeigagapi i mal . To maxi mse its si ze each data bit is represented

by a radi al 5, OEP . 2
by a rad ] Aﬁompragsfﬁm o, odfag Y8 RIS oD 28 o wids prihd o b o
alngmﬂladlmctcrofaboutd.mAtﬂnsmolunonﬂwmglsdemgmdtobesuuomdedbya quiet
25  area” of radins 16 dots. Since the quist area is also contributed by adjacent tags, it only adds 16 dots to the effoctive
diameter of the tag.
Thetagincludessixtxrgetm.a&tktecﬁonﬁnglsallowsthesensingdevicetoiniﬁaﬂydewctmctag.'l‘he
ring is casy to detect because it is rotationally invariant and becanse 2 simple correction of its aspect ratio removes most of
meeffeclxofperspecﬁvedistorﬁon.Anoﬁcntaﬁmast16allowsﬂmsensingdcvicetodetemﬁneﬂ1eappmximﬂeplmar
30 orientation of the tag due to the yaw of the sensor. The orientation axis is skewed to yield a unique orientation. Four
perspective targets 17 allow the sensing device to infer an accurate two-dimensional perspective transform of the tag and
hence an accurate three-dimensional position and orientation of the tag relative to the scnsor.
All target structures are redundantly Jarge to improve their immunity to noise.
The overall tag shape is circular. This supports, amongst other things, oplimal tag packing on an imegular
35  trianguler grid. o combination with the circular detection ring, this makes a circular srangement of data bits within the
tag optimel To maximise its size, each data bit is represented by a radial wedge in the form of an area bounded by two



radial |lines and two concentric circular arcs. Each wedge has a m 53??5%&
di nension of 8 dots at 1600 dpi and is designed so that its base {1t

inner arc), is at least equal to this mninum di nensi on. The hei ght of the
wedge i n WREYBMABal direction is always equal to the ni nipgarAGte§saSi ON.
Each 4-bit data synbol is represented by an array of 2x2 wedges. The 15
hit data synbols of each of the six codewords are allocated to the four
concentric synbol rings 18a to 5 18d in interleaved fashion. Synbols are
allocated alternately in circular progression around the tag. The
interleaving is designed to nmaxi m se the average spatial distance between
any two synbols of the sane codeword. In order to support "single-click"
interaction with a tagged region via a seWsing device, the sensing device
must be able to see at |east one entire tag inits field of view no matter
wher e in t Tl fipss amg fvospocspiric graler sy Euch wegd hoye mitimirs dipaséntof Davec lstp:'ﬁhes destgned
required dwa:nstsetsemimﬁm)fm&lﬂt@ﬁﬂwm&%ﬁﬁuﬂdﬂﬁnﬁﬁ%%ﬂﬁmﬁ glore a

function ofa A SRAGHAE GaalcdSy. ASSU circul ar tag
shape, the m&%?erﬁsﬂﬂrln&?fcarret er o th%hsensorm&déﬁ %‘rvgwe of SBt™sderted when

t he ta%z are éﬁ%“&‘&?ﬁ’?%ﬁ‘é%ﬂ“%%ﬂg@ﬂ%@gﬁd@ thefour sémommic fymboingiiTse th.
1.2.5 Tg 1memm@bmmmﬁhwgwmsi ng and
decodi ng perfonmad:l% 8 isSRdkaddNg mEbl- Gt SHED khe et e%%réggwn in
Fi gure Z’dw |Ieacaptured i mage is being acquire

sensor, the ynam ¢ r%e of the image is determ ned (at 20) The center
of the range i%°Ef SBple-gisk” fopreaction Wil ayazged reeisiod agienfing detideahel samtip@evitd mnd e
i mage i s télete 4wt bshak chaick tgmdts ﬁsegmheﬁm%&ﬁ@ﬂ&@ﬁﬁ&d:%&ﬁ&mﬁoﬁﬂts Bftiohdd ©-

shapest(®3) T tuirdddiamea b BE Se1d MG br BE Snsin m&.,gg,,oa_f&ngtp eSent, et
struct ures aremgdﬁ% arded. . The suize and centr0| ach Sha ma’??n%‘tig‘ﬁ
computed. Binary s aBe e S W ETET of ARl °5P°"2H)’£ﬂﬁw’é‘a@hm§ha’pe

and t hese PrGUt &’éﬂ’%"df’bf"”%&flﬁent ly 20 locating target
st ruct ur es.1-28%nt Tag lﬂvhapmmnnmmwy their nat ure i nvari ant of

posi tion, andTeas fiocising anl Bl Ring bW AL tmg,%g r at a
rot at i4@n Tﬁmgq&ﬁ% r%‘gctu S5.0is'the Iirst to %%B,ﬁ, dSLT"Qr}'d A
ring has t dvant age or very RS S50 Ay “\fﬂ‘i@t‘i’f“"w“d‘m(ﬂm}
per spect i ve* @} #@%%Mwm%@w@eﬁ%@mm@mmmmm
rot ati on- rrogmeeid iph qepnesiad hixd Ingios' (. sHERELH) Sat 25 55heIeE Phidhl e @@m%—gﬁgﬁ{m nts
are normlm&s&h&s&rﬂda.gu&eﬁﬁ%u&&f e | T the perspective

cerahoh s S

di storti on wa er|n aspect and rotation 27

t oget rowﬁ'a‘r?a use?’gﬁ% Appr oxr f"g&aft bg"’gﬁé"‘% 3 phetetProyide the bass fersebpemyemtiye
axi s rggl PE%EWWG%??%W%%M mtneetulétatf p&Eipn, aftbbrchi dag)y made

proceeds yvaistef seile espectretioppdigatisn. 30 nor mal i zati ons to each shape's nonents;
and rotation-normali zi ng t he resulti ng nonents. Once its second-order

nonents are n% S r ni zed. Note that one
third order r;@% s requi reg" %dllggm%i §§§ mtértewgm%gfm‘evwmmm
orientati ovﬁ’gn L"‘fh‘é‘ ¥j agpeqtraqringigipgane ropationipormeliting excloshape’s ingheents.0
make @9 s %@lwmmtsmmhmmcmmaad:ym@&&bt:eﬁt:ﬁpaﬁhatelﬁ&m was

normal i ze dghifcaX M ring’s GftinaB hshed! anhl trotdAa:S 2B ghmbr ok gue?bfl] oﬁ
appl i ed, sd.a&g,gn_t he perspective distortion can h| d e axls argef= 3 at XIs.

The axis target's original rotation provides a useful approxinmation of the
tag's 35 rotation due to pen yaw 29. The four perspective target
structures 17Therssisitaget stepatpre t16 ihde et it wolodaad (2:808). MGG peicisniyt Hiyigf thd Reys

posi t 88ns m@mm«mhb%wmmwﬂﬁmww%ﬁoﬁﬂ%mm&&e

ring and %ﬁmﬁ&ma‘s&ga%eeﬁ%mﬁa&i&;%%&'ﬁﬁo%ﬂ LS A agmt NE e
rotation tChJJ‘be S ppI yi ng I Ng

nor mal i zat | ons eac S ‘?PPéP‘P" %WM@”’&M@WM s
an nor nal i ZEEsHH ewa“PWE‘PE’ﬁ@Fﬁmﬁ%lﬁhmhg@tmsmmmnmgmmm
the tar getdistitioses tidd e wia thget's@sit. MhEvkie GrpPQ $fiduialiBiatiod prbvide@usad) of e M6’
ori gi 88l caitht &k B$eGhwbdie four perspective targets we then taken to be the
1SSEP2004 WO 01/89938 PCT/ AU00100517 -11

The four perspective target structures 17 are the last to be located (at 30). Good estimates of their positions are
computedbasedontheirlmowuspaﬁalrelaﬁonshipstuthcrhgandaxistargets,mcaspectandmtaﬁonofﬂ:cﬁng.and
the rotation of the axis. Matching proceeds by applying the ring’s normalizations to each shape’s moments. Once their

40 second-order momeats 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



eve-distorted corners 31 of a square of known size in tag space, gsgg
ei ght - degr ee-of -freedom perspective transform33 is bderred (at 3 Jgﬁ
on sol vi ngotoligegae! | - under st ood equations relating the fourpdiddosRass and

i mge- space point pairs. 5 The inferred tag-space to inage-space
perspective transformis used to project (at 36) each known data bit
position in tag space into i mage space where the real -val ued position is
used to bilinearly interpolate (at 36) the four relevant adjacent pixels
in the input inmage. The previously conputed inmage threshold 21 is used to
threshold the result to produce the final bit value 37. 10 Once all 360
data bits 37 have been obtained in this way, each of the six 60-bit

Reed- Sol onbn codewords is decoded (at 38) to yield 20 decoded bits 39, or
120 decode geripictie-dispriididrs smmemmathﬁhegﬁedemm a8y B0 Sae 8L 8-SR RSpekd?

codeuor d Ot 5% bl & SIS HoRkEed MBLLELL LullZ ',&tsrtee yed dur'; the

sanpling process. The ring target 15 1s on
i mgo whos & @PEPBns hi p to the i mge guarant ees that the r| ng, 15 if
found, is part of a conplete tag. if a conplete tag is not found and

successsul | y dmsaﬂﬂdmg&ﬁ%ﬂ@ge%ﬂa@&b&éﬁﬁkf&émmmﬁﬂdﬁu&%v& itio

frame. G vep ’agﬁg aver, and jdeal ly a, non-mni
view 193, an  a T ar At vt i a’?‘gg%%vgi Vst ‘sme"‘glg ﬁ'@ g‘g"‘ﬁf"‘t’h’é’“’“

current | ARt RS ingh o HWWMWWW%HW#MW@MW&QM
cont ai ni ng e Feal Yityglueedld t he position of the tag within the 20 region. An
accurate position 35 of the pen nib in the region, as well as the overall

ori ent ggi on 3 then inferred (at 34 he rspective
transfg?m 33 0 ervge%gd%ﬁﬁ?ﬁ t?"t {'m Ehk‘“étﬁ“g %‘i %'rpéﬁﬁfd g’ﬂ‘g‘ﬁl PeBEt R en
the -pen’ sdﬁﬁdﬁgf“@ﬁ? HRP 40 deroded 9&&@%%@@%%?‘%“@%@%9%&%@
a tag resulctdswordprdgr, sodigf cosdewhrl aredmilioigy dedintegleackd Surihgaty sioplisdiptovess. pen t ransf orm
Before the tag ID and the tag-relative 25 pen Iocation can be transl ated

Wt hi ﬁ?s?'e“thﬁ# U 15Ul il bl PG L e e R e o .
whi ch tps T80 152 of Troppiet, g Jh s crpolete ¢ aﬁotfemﬁﬂeemee@ﬂb dﬁﬂgﬁm W@ pogitien iThe

tag map cl m@lﬁagtwmsﬁmmla#mﬁwwaoweamp@m aGbn-infainalnfRidpd gizw 193, 24 er
cl ass di agamfbtivisnbegd mdRliRs lelidy @b e Bhe SaRA MR Sed to W the surface region
with tags, and this can vary according to surface type. Wien 30 multiple
tagged regi ons_shal e the same tiling schene and the sane tag nunbering
scheme, they cZh° %@“%ﬁﬂ%@%@ﬂﬁﬂﬂ@ﬂéﬂ%gﬁ%m
must b% remwabtcmpmmﬁ qfégwmhl@meibmﬁs@umauﬁle@mms ol the 9, & Beand
a pen tranﬁwmmmmma&mm&eswaey ol Bie b:Rth dphlaCAR; between
transl at ed m@%&&e hﬂg iocation wtﬁélj?tgthe region, and t the
tagrelat|Vﬁ2 _@Sn ocati'oh can be addedtothetaglocatlonto y|eId an
absol ute pe Foca MPui thin the region. 1.2.7 Tagging Schemes Two di sti nct
surface codPesefing e kag meuls maeegioh I, ptzg e ail 2 mbatamwn tmhfomhnmveﬂﬁ l’ﬁﬂDtaﬂghSthg‘-:Hﬁivblr e
deSCI’I%d eﬂﬁbbﬁénchﬂbehﬁlﬁeﬁﬂ@inla&ﬂmb&m B4'%g Widin the region

"l ocation-i o Ortis s sse An Jt rnati.ve codi
schene usesmgq%t-l nffg‘ﬁ t| n § %iﬁ qfdl m’;\ %55? itd ?ag"’?ﬁt‘lﬁns
atagIDV\hmﬁm gﬁ‘ﬁ?‘%ﬂ‘h‘? ﬁ’é’“‘f FF&&&’?% igdmi th t he
tagged 1 5 SEP 2004 WD 01189838 PCT/ AUOQ 00517 -12 region, yields a unique
t ag | ocat i oA agunipTefiacts ieadeagisgn demﬁ&Woﬁh&tﬁa{&dlﬂﬂ%tvw&c@&ngW%

added 80 thhﬁuﬂe&ﬁd@&ﬁh‘%i&m&ﬁ!&lmmﬂg‘mﬁnﬁm tta tbgm
regi on. Thlaw%%‘ urnis used to determnethelocatlono t epen re rve
rf

to a user ace elenent in the page description associated with the
region. Not only is the user interface elenent itself
The tag map for a region mmst 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
35 pea location can be added to the tag location to yield an absolute pen location within the region.

127 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 nses “location-indicating™ tags as already discussed. An alternative coding scheme nses

object-indicating tags.

Alocaﬁon-indicaﬁngtagwnmimatagmwhjch.whnntrmlawdﬂumghmwmupassndawdﬁththcmgged



identified, but a location relative to the user interface elenent g %Epmm
identified. Location-indicating tags therefore trivially 5 support
capture of an absolute pen path in the zone of a particular user interface
el enent AHOGHB3B-i ndicating tag contains a tag | D which GOTeCHdey00s17
identifies a user interface elenent in the page description associated
with the region. All the tags in the zone of the user interface el enent
identify the user interface elenent, malting themall identical and

t herefore indistinguishable. Object-indicating tags do not, therefore,
support the capture of 10 an absol ute pen path They do, however, support
the capture of a relative pen path. So long as the position sanpling
frequency exceeds twi ce the encountered -tdg frequency, the displacenent
from one sanpl ed pen position to the next wthin a stroke can be

unanbi guousPEPRdes FR%RIER looop Kithini thetregion (Theyep rrigiveslostiones, thetphacis &doed B thit baiIbcaid to N
cooper at i ommMS&mmesuﬁmmwk&c@ﬁ&:@ﬁni\ﬁél&ﬁﬂﬁuﬁ!ﬁ Jnve & Ruser

i nteracti V%t&fa&%&;ﬁd Be bdad wishhERLact N\éYI tdfu the ‘r;%aéz %5-8

usi ng an ap&a%%% z sens] vg eV| ce N order B T fl

t he sensi ng 2 205805 BEava [ e e B%@W%M%W%Mmmom mvi!ﬂlye
net pagce® sy Sereert thejcaturgyOD ik pod D iPRGEDEGERNRT st gefiter r ed enbodi ment
of a docunment and page description class diagramis shown in Figures 25 and

26. 20 In thy sdscrlbe t three |levels. At

t he nost absﬁ:}:}é&h&] e‘?y%ﬁ%&c‘u %@?&d H%fgﬁ ‘%?%Féﬁ‘i“@b‘?‘ thepags deseripgion
whose ter m*f f‘§*°“8§§‘ha|"§‘ %%wFaﬁWdethemmmm as
t ext obj ectmwmmh@mmfmmmmge thjt-ﬁdiéasug 2§ db.not(eeford ol BEMPERDLS | S
print ek on aaatpmmﬁeewmmeﬁ;ad@hwg 'msi:?ﬂn%e c&qrdi

particul ar ﬁg&g gw%&laf,l“ erenc%{ g@mgc a%t ﬁéﬂ;ﬁ%%ﬂ?mdmﬁ’lﬁn&
ot her wi se fmnac{te S A 338 o) FPPigdpetRopon o Errext) o
associ at ed ‘%H’i"é-h are different fromthose associ at ed
with their correspond| ng termnal elenents, particularly where the

cont ent oijamta&heaﬁ&mﬁfséﬁhﬂ ﬁeh@tﬁﬁehoﬁﬁfohop&ﬁdoﬁl%ﬂﬂaséo&ﬁ&a«ﬁ&?d &&E‘ﬁ’l}u&“d
page 116 2l inflfs Bihietl SPARLAh Gl i neb bRl LB CaRLUL S gudgﬂfﬁemwm

particul ar P?B‘B% ?t ance t ec

captured t S?f"g h W&#&ﬁﬁmﬂwﬂsm@mmmﬁhe presence
of the nostl-3abst PaeuMeNTauRAshPesdRirons pt i on on t he page server allows a user
to request ApridRyenbédiRnGOridiRak md Aide dMchiRo Has Al LML AL Q2AGERPt the
source docunent's specific format. The user mmy be requesting a copy
throu%g) ﬁ‘{‘l nter wwth a different page size, for exanple. Conversely, the
prese (e, Begs, VAT o dPOTRGR st rbed atcthope; leyels. oy the pnost abstrach lvpb the dcumaent 835 haswas
the page s dictpehical syoctiref Whose GrutidalclemetseBPareabsodi®e iittorbinnOdBRotOBA0 Scifekt bigédds, dxt style
pri.nt ed pagﬁiecmﬁmiﬁh%ﬂﬂoﬁk@%%n%ﬁmﬁ@%d fihSr v a%m%&Im

qu“gg ge
descriptio eu%pmﬁcg& ts of. aset%‘{l_or,rra@ged&"Q tern’?}_r%a

el enents 8 ﬁgln{‘orrmtt el enen as a i Bt © he
page. Thi s‘g’@‘f“f" FaomeSRra\Pe W%PW&E@W@#%WM&&@
and i r?;iut fepresppgéting fermieat elemezpts, mwmmbmmmmﬂmmmmm of a
docunent 8 3dcumdnt anl PaES islsS debtiibed ssh@deedy) o 2DRGBp 8 BiculRRedd 1Qfince ¥4I
correspondmmq,%g %u&fﬂ&% rmatte dg%brrent Eachwpa)attf;%

I nstance 830 describes a S|ngle uni que prlnte et page 1, and records
the page I D 50 of the netpage. A page instance is not part of a docunent
i nstance i T Rressapesbbevstfbsiracsdopny dusdripion preibyepage euned el Userto reg@idt Aitippef a dabiment
01/ 898¥B - B@hdit Bingfoedto ABEHA the RGH dkinENQ Gl Mmeﬂﬁﬁyae@@m&ggs o)

set of ter lwidfh &AL I ts on eX|sts f
Wik ek, Gl Sl 2 iR aﬁ‘y"%@%e‘?ﬂﬁrel § e

recor ds eci fic_i.nformation NSt ANCe
eX| sts for péfgayper‘s“ﬁ'ﬁ enent‘ﬁﬁ'egé’d'é”@” {oper petigopin g garticalar esipiedsage; on | D 55

which is specific to the page instance, and a field instance exists for a

field el enﬂ-ﬁ@mmtmtlwmdstﬁﬁmﬁd&m%i%ﬁﬂﬂ&@ﬂ%h&?&r?&ﬁﬁeﬁ An

el enerd@5 i NSdnAifd QendQeS s Fah fofandilelemdAOMAE Bkl edtedl or lofe ! >
it e el

textflows. yfnduehdls Q%L F’h’gﬁ%’%ﬁ%‘] astatlceerrent 843, a

el enment 844, a field e Oor a page server connand
Adocunnntinsnnue831con'espondstoaformaneddommem834.Itoonsismofasetofpagcinstance5830,eachof
wlﬁchcmrespondstoapagedescripﬁ(!nSOfmcfomaneddocumLEachpageinstanocSBOdcsm'besasiugleumqu' .

40 printed netpage 1, and records the page ID 50 of the netpage. A page instance is not part of a document instance if it
Tepresents a copy of a page requested in isolation.




el ement 846, as shown in Figure 27. A static elenent 843 can be a

el enent 847 with an associated style object 854, a textflom/elenénESBﬂEMQ
with an asoousmsed styled text object 855, an image el emeicBdGuoiolfy an
associ ated i nage el enment 10 856, a graphic elenent 850 with an assocrated
graphic object 857, a video clip elenent 851 with an associated video clip
obj ect 858, an audio clip elenent 852 with an associ ated audio clip 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 15
apply to a specific input elenent In thereferred formof the invention, a
tag map 811 is associated with each page instance to allow tags on the page
to be translated into Iocations on the page. 1.4 THE NETPAGE NETWORK In a

preferred emggﬁ's%g uf.ed of
net page page sSeryers S)EPEKH% %% re |stra?Lo°r¥%§én%\'}n§?%°nyT’t&} Eﬁ%@‘@“ﬁ“ﬁ'
servers 12, B%/? 1'81“‘?'& TSEPY ST Tar g, hypsripltlagent MW’&MHW@S&4
and net pagvéﬂcbmmts thg rge ipspnescand ebbldiisgnce exisetion fild dhes Behscisredoid@inpu ipedified |

as shovlh i riepaghetehcd An ddient BOERAGE nb@e Sbwedd, 1@ Rars BEMER sudias fetficds SET VEr Whi ch
records relationshi ps between users, pens, printers, applications and

publi cations, and thereby aut hori zes various network activities. It

aut hent i cat/SE i SEDmE R beRSiple clsment 843, fynestink clspenk 4.6 feld Serisnlt AT o a pae server command
aut hent i Catm%ﬁsmmﬁﬂh%a‘tmmmmmm&dwhhtﬂhiﬂh@l’a@&ﬂzd&ﬁyle object 854,

handwriti nguﬁ&lﬁ@ﬂﬁ;h&ﬂ&%ﬁﬁh‘idaﬁ&%s 2aRiDE ARV witfenIELRAIE R @gﬁm
éﬁ)age

serverqdoO EQH@%} pss on bo age d tions an
|nstan1coes %\ﬁ; net&&a ﬁ%%%%w elst,’ aﬁ@ hu '%Fg gig‘@‘LE‘e’P@%’éﬁ
handling a 8@ mweo@vw@mwwws Wihi ap ssgciated
user i nput seiet disss 8¢00ss shewminFigea 8. | nst ance, clients such as netpage printers
send netpage input directly to the appropriate page server. The page

server integ a e to th escr i otlo of
i B 7 oL Ehd iy 0G5 il B s o

corre ndi n A net server
denan(sjf? cf”g*‘g?/’i%m B’&ffal anci ng of page servers VI a | ts I D allocation

schene. A retpuderepiomof beinvgatios a talwap Shl iesssveittedit éarhi pags tiragheoda Hew Bysoh BB DEIING |,
or simil ar,tradshied ift6 Rbaiehs o thhgeage page |D 50 into the 35 network address of

t he net page,page-rﬁgr%&mqgﬂ ng the corresponding page instance. A netpage
applicati oz'gser er. 13 I s server which hosts interactive netpage

applicatio bl"?‘??ﬁ% ReByRrkssapsista rof ¢ Alistripuied 40t of BeshageCRALS WINCTS &9 \petpage
whi ch 4libl iresfeiomestvpn gl netmes iPesvas 120 natpegsp@ERatpY fervére 15 nerphipoybiadion SAE 114, hal

in detail im@ﬁmmlwmtmlmw&ﬂna%mmgeds.on a variety of
network server pI atforns from manufacturers such as | Hew ett - Packard,

and Sum | e net pa servers can run concurrently an a si ngl e post,
and a si ngf'%' %EH.‘%&W%&PWW@&memmmm

PCT/ AUOCQ O (Psbipations, and) heseby anthriash erions etrpls sesivitieG dtrmathapticates] dserodnd bdieas f wigrigi i@ bd t Y
provi o bmbmmmwﬁ@pmw&wp&w&%d&%m% Arehded
by the H Sgh¥ & e pleh GrBARSnAREY oI} rod\él‘“ed d|rect é Inrﬁ‘
net page appl | ance mfp S crea pr| nt er | n a%;’ or
on a | ocal FEENST ’FY—IE“’%E ER“’B’STMPW'&FWEMM%@ an
appl i ance WWW%@F%M#@MWQ&WM@%#W@MM

docunent s cepropelesyagrceran lihe\phga sedrertienfreting Db mpid€diiveds thd YeRAptBidd? thelcokhabiades page
printegQ | D 62, and is connected to the net page net wor k VI a a netvvork such

as the Integf m 4820 b Yo vh2 abro nd co tIQ _fromidentity_and
security seft ;#gs |n§rn(53n VO SR ﬂorf}m”? %&B@D éfrpa‘ﬁéﬁ‘f"ﬁl“ﬁé"%
per si st ent @W&ﬁ'&m‘ﬁs 10 far as a user is concerned "the network is the
conput er”. Netpages function interactively across space and tinme with the
AnmgepuimauseslhclnmmetDisﬁbmadNaszysmm(DNS),orsinﬁlar,tomolveanetpagepagemsomme

35 mhvmkaddressofmcnctpagepagemahmdlhgﬂmmmspmdingpagcinsm

CD_

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

40 Netpage servers can be hosted on 2 variety of network server platforms from manufacturers such s IBM, Hewlett-
Packard, and Sun. Multiple netpage servers can rum concurrently on a single host, and a single server can be distributed



hel p of the distributed netpage page severs 10, independently of pgjrsgfcmmar
net page printers. The netpage printer receives subscribed net page docunents
from net page publication servers 14. Each docunent is distributed in two
parts: tH® Bb(g%”?ayouts, and the actual text and inage objmc/sUvdN0sty

popul ate the pages. Because of 15 personalization, page |ayouts are
typically specific to a particular subscriber and so are pointcast to the
subscriber's printer via the appropriate page server. Text and inmage
objects, on the other bawd, are typically shared with other subscribers,
and so are multicast to all subscribers' painters and the appropriate page
servers. The netpage publication server optimzes the segnentation of
docunent content into poi ntcasts and nul tt&asts. After 20 receiving the
poi nt cast of a docunent's page Iayouts the printer knows which nulticasts,
i f any, to TFS@ERPeR9hosEfeme gr o dieifmetiopality rsvided busietpesel servive apimppkiede the S onality

| ayouts andreispytis B lvater ald fhi page tehver, 6O @R Piovided diRR@ly R i iR applishoe GRR adY dedipe

t he docunendrine5in 1 epiRds whrk@ion, @S1 SbdazBiSo@Nd Prints odd and even pages

si nul taneoussy on, %93 of the sleet It contains duplexed print
engi ne gontrol | ergp%"%h print engines utilizing Mesa jet" printheads 350

for thi pulhBLRase PR St is m Appligeop Pidis maiewnd it the nephgetsysom OBIORintD hefpike BioAGRAE on
rast erizat i dwand fmdpiagrabsaliptio. Bahi riftérhas sAAueHNRANS I58 Andal ShnddbrlaS OO nerl@06a a

| mages. Thenetwor® 5K as kHIBEES, S Bloadbinl Fohnea@Si sts of one or nore standar d
DSPs 757 running in parallel.” The 30 dupl'exed print engine controllers

consi st of custom prom sors which expand, dither and print page inages in
real tjme, APEREREHIERY 28 decity fattipss & nomeslatle mempr foe elyegeprinte bAaBRED phréisudnr oy, AD

engi ne¥d  Priint ens isnoteret 2ibt @6vofkay thel Rl Netph@s m&ﬁﬂﬂe%vgpﬁog%ﬁ%ﬁh&%m hags
using IR a@gmlmmwﬁpg%w‘%wg 551 paqutl%lﬁzrrl cts .tags erw se
e

enpty areas of the pag ough such pages‘ have I'mted

functionality than | R-print ed ages, they are still cl assed as net paages.

35 40 A norRaPeRRSIHRE ST 5 %mmmmg@snwm@u seifverDBIPBdch ddvlRieft is

speci al i sedtistibutggzgytvo paris:ribegng layais, fi thahcnﬁm;@mmafag: obﬁaecﬁ,,glpbpaﬁgmg %ué%?h

as gl otfes. Mﬁp&e;wﬁgmqmy Heast mﬁ&!ﬁ:ﬁ.ﬁ&g cq LY, and orts at
or eac ljs"’tﬁ"ﬁ“?‘“a @

| east one td S. hene an

The tag rmtp““‘%" vﬁ%ﬂ"%‘& Bl ot A e
pai nt a docthf@ |%mewmemmmthat t he
docunent's tags can be correctly interpreted. Figure 2 shows the netpage

rinter cl asnetbagPhtkibation tion i ned a
Pegl Sta@t i Qg ;,%gﬁgggm }A’%ﬁ' %11 1083 ot lop M et Bl T i s
net page netwo errea er ?ﬁ%@ﬁ@%é’?‘&dﬁ@“ﬁ%%&?hﬁgﬁdescrl bed

in greater detail in Sectlon 6 beI ow, with reference to Figures 11 to 16.
5 1.5.1 MerOnis thetpiiter Rpsirestifed thel sonlete paze apaig fnd Shjéels G B0 1o BRhxbbio MSHAGL Pl
made W th ahedbedgent ange of digital printing technol ogies,- including thernmal
I nkj et piezoelectric i nkjet, laser electrcphotographic, and others.
Howev \%evm de consuner acceptance, Is desirable that a netpage
print S havihe FHE TEHeHRA pigts g ﬂd@wmwmmmwmgmmmma@mm
printi ng gine kintydilers) 168 kuidipsine trginés uflEing Mereg™ phdagits 550 bor A13 pdknhoke | | ow printer
cost | ow i nk cost

The printing process consists of two decoupled stages: rasterization of page descriptions, and expansion and printing of

pageimages.'l'herastcrimageproeessor(kl?)oonsistsofoneormmstandardDSPs?S?mnn’mginpmllel.'lhe

30 dupl_exedpﬁn:mghecontuﬂusconsistofmstpmmsorswhichexpand.diﬂse.rmdprintpageimagesinmlﬁme.

synchronizedwiththeoperaﬁonofthepuimhcadsinthcpﬁntmginw.

Printers not enzbled for IR printing have the option 1o print tags using IR-absorptive black ink, although this restricts tags

to otherwise empty areas of the page. Although such pages have more limited functionality than IR-printed pages, they

are still classed as netpages.
35
A normal netpage printer prints netpages on sheets of paper. More specialised netpage printers may print onto more
specialisedsm'faces,suchasglolm.Eachpdnmrmppomatleastanesmfaoetype,andsuppomatkastonctagﬁﬁng
SCheme.ﬂldhcnmtagmap.foreachsurfmetype.mtagmapsuwhichdesm'besﬂmtagﬁlingschcmcacmallyuscdto
40 pmhtadocummtbeomassodmdmthatdommtmmmcdoumt’smgsmbe correctly interpreted.

Figurezslmwsﬂmnetpagemhtudmdiagrammcﬁngphm-rdmdmfmmaﬁonmmminedbyamgismﬁon



| ow paper cost 15 sinple operation nearly silent printing hi ghg SFP 2””'2
printing speed simnultaneous double sided printing conpact form fac 0
| ow powerwo@ngsdpt i on No commercial ly avail abl e painting tﬁ?‘?ﬂ%ﬂﬁg ,}1as al |
of these characteristics. To enable to production of printe Phese
characteristics, the present applicant has invented a new print technol ogy,
referred to as Men et TM technol ogy. Menm et TMis a drop-on-denmand i nkj et
technol ogy that incorporates pagew dth 25 printheads fabricated using

m cr oel ect conechani cal systens (MEMS) technol ogy. Figure 17 shows a single
printing element 300 of a MenjetT14 printhead. The netpage wal |l printer

i ncorporates 168960 printing el enents 3004g0 forma 1600 dpi pagew dth
duplex printer. This printer simultaneously prints cyan. magenta, yell ow,

bl ack and i sfverat @dheinfifege dsodel | as paper conditioner and ink fixative. 30
The printing clenment 300 is approximately 110 mcrons |long by 32 mcrons

wi de. Arrays of these printing elenents are forned on a silicon substrate
301 that |némwm@mtﬂﬁﬁwmwmmﬂmﬁwwﬁmmeFmts
(not shown) 1w\ or el enents of the printing clenent 300 are the nozzle 302,
the nozgl e 15.m 3Qempbtvprinthéddse Chanber 304, the fluidic seal 305, the ink
channel ring3 thg | ever .arm 307. the actjve actuator beam pair 308, the
passive ac ua BEATh DAl Fe "5 PRYES mapq 4t 3 i (ARee ST ER) prpfivedrcioplpges. dnplyding thegmal
passi ve act’ﬂ‘&’c‘-@fm&‘FFEﬁ etglaser elegiiophotpgmphir, gidd ofhers. Slowdr For P conpnira@eptuode Lici dsirable am
pair 308 isthmmmﬁhyeqzm»madgdhﬁacm@spasm ve actuator beans pair 304 at
the join 319phoBgdhic pARAMR: RREES are anchored at their respective anchor

poi nt 110, apy %[T%ﬁé' The. corrbl nati on of elenents 308, 309, 310, 311, and
319 form a ca VETREA™8| ecirot hermal bend actuator 320. 40 Fi gure 18
shows a smal B il“'!)f an array of printing elenments 300, including a cross
section 315 lyfvpmtcpcqstntl ng el ement 300. 1 5 SEP 2004 WO 01/89838 -16

PCTI AUOO/ 005ib¥% k@t cr oss section 315 is shown without ink, to dearly show
tine ink ipl Etvﬁ%é hat passes through the silicon wafer 301. Figures
19(a), gg(b) a c) show the operating cycle of a MenjetTM printing

el enent®300. sgplegeEaion” 19(a) shows the qui escent position of the ink

meni scus 316neutisdeet riginpai nting an ink droplet Ink is retained in the

nozzl e chanbaghﬂag,ﬁnggpeeﬁace tension at the ink nmeniscus 316 and at the
fluidic seal_ &g‘? ween t he nozzl e chanber 304 and the ink channel
rim 306. Wi prlntlng lﬁj@ ri ntbead CMOS circuitry distributes data
fromthe prlﬁl“’pﬁf@montrol I er to the coned printing 10 elenent, |atches
the da®®, antwberefcemsemsibe data to drive the el ectrodes 318 of the active
act uat or beaEbmartiily 3able fibkisy 1R Dasd o8 ChadieRis CUr FENt to pass through
the beam pair 308 for about one m crosecond resumrtl ng in Joul e heating.
The tenpe ature i ncrease resulting from Joul e heat | ng causes he beam pair
308 to expihTPloAR Prodyetionof pantap ity mw&#mtmwh@vmammbn
does not esfrawdo ay MemibDS tgnalogy. Mesfere &5 dho-dn@EBAT Bija AcdBEY ﬁdﬂ&odrp&ﬁmb

pai rs.28hi grintbdde Aricalidl fu6y BidSQecisinechRdal ﬁédsm & ¥ G
end of theygl.6Ghy oqg ggJ nacluator 320 bendi q& omam%ﬂ%?ﬂm Jinglstra &
301. The 129I eve ransmnf%agetvﬁ ove 0L 5 & 1600
304. The n ‘%"f@ﬂﬁ‘ WYWWMMW blagkand fefeared fnksyps il
in Figure MWWl@W@SeS the ink pressure, forcing ink 321 out of
t he nozzl e 302, and causing the

30 'Ihepﬁntingelementﬂisapproximme]y 110 microns long by 32 microns wide. Arrays of these printing elements are

formed on a silicon substrate 301 that incorporates CMOS logic, data transfer, timing, and drive circuits (not shown).

ﬁ.}.

Mgjor elements of the printing clement 300 are the nozzle 302, the nozzle im 303, the nozzle chamber 304, the fluidic
seal 305, the ink channel rim 306, the lever arm 307, the active actuator beamn pair 308, the passive actuator beam pair
35 309, 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 aciator 320,

40

Figure 18 shows 2 small part of an array of printing elements 300, including a cross section 315 of a printing element 300.



i nk meni scus 316 to bul ge. The nozzle rim 303 prevents the ink rrenn%c%ﬁ;ﬁﬁl@
from spreadi ng across the surface of the nozzle chanber 304. 20 As
tenperature of the beam pairs 308 and 309 equalizes, the actuator 320

xet uns t VP8R gi nal position. This aids in the br eak- @c adookoha7i Nk
droplet 317 fromthe ink 321 in the nozzle chanber, as shown in Figure
19(c). The nozzle. chanber is refilled by the actlon of the surface
tension at the neniscus 316. 25 Figure 20 shows a segnment of a printhead
350. In a netpagc printer, the length of the printhead is the full w dth of
the paper (typically 210 nm in the direction 351. The segnent shown is
0.4 mmlong (about 0.2%of a conplete printhead). When printing, the paper
i s noved past the fixed printhead in thei§rrection 352. The printkhead has
6 rows of |nterd itated panting elenments 300, printing the six colors or
types of in¥ i?g“ébFW“PW%‘PﬁFﬂétﬁovemnkﬂmlpmmﬁmﬁﬁl&gidaﬁrﬂmrface
of the pri.nt head during operation, a nozzle guard wafer 330 is attached to

the print hegdes 1948, ® 1o@ Bowtileloper) le 302 there is a
correspond| ng nozzl g’pﬁigﬁl hol e 331 "t’ﬁ?"gg’é‘ﬁmﬁ"“‘% AR droplets srz

fired. revent the nozzle guard holes 331 from becom ng bl ocked by paper
fibers %@ﬁ‘ew(ﬂd@hﬁﬂ@ quitscent positisgl oftherink npnigusBpEslior th intigghnk HepieRiink is iRl & 1232
and out of nmwwmnhﬁﬁmdﬂ%m&umﬂuﬂgwggsﬁ@ﬁgpg 2 from
drying, thepad%shf challdeiod S Se€al ed while the printer Ts i h]ggwg

Net pege Pen The active sensing device of the netpage systemis typlcally a

pen 101, which, using its enbedded controller 134. is able to capture and

decode | R Pl mntise thepyathend QYOS cipuitpediseibaresalia 0 B e BERE cond 1 EDGRech i

is a sHi demmlamﬁemﬂmmdedmmbmmm&mwh%%&gm n%“?' H“SF“P “T"’
re detai

sensing at anotﬁUcMcapa@er tﬁ@\ésm §¥, AS desc“
bel ow, the temlsaleto sense e hi™6
surf ace, an o ey MW%WtW°§BMM ibrﬂtz p#satc@mta@r&@mpw

capture hu%#“ﬁmlﬁ% PRy expind.gesultipg mAGEesslifferes begpematieaVwo Wditipait)fhistelessQiFerence is
faster). | pitalyreblicay Goqitbieed eithof thi\@eckRitnd bEH GdobBl 96'bendM} %bM ! sESale Y01, Toe

trott eff t OedehBm BE7 dakebiis &P&v&&?ﬁo tﬁé%e% @E‘é‘h%é%t /ng%gg%&t %o'ngmns o

interpreti %ftpe data ﬂ ect to

PCT/ AUOCQ 0 @&ﬁ?’ 4 ik prepstire- dorcimg ipk 3%0@%@# weledphud asuttheof
t he net pag’é“ﬁ@ﬁ“’éé@rﬂa&@s Tbmowea@@nmmhemcm@w fidin PRBIING BkosABe srface of the
non- mar Ki mpztdchdmbia 304The mar ki ng aspect, however, is not necessary for

usi ng the netpage systemas a browsi ng system such as when it is used as
an 5 IJy (rj‘nsntgslnterf ce. Each_net %ge pen is registered with the netpage
syst em an % bﬁﬁ‘r’?"’i‘ talizee the BcngtaLRR e to iteigined preitiqre Thisalda Bis
di agram r'&f peeskpfl afjtsink, drppick 3 cfcbmi thefinkr 28 ki tieNnoreRyi chiiinér @ Gholdy iPFguRObE)] TRl doai.
server 11 cmmbedierlled @ actionteihy\iics iibfinShd i3I b is in contact with a
net page, the pen.deternmines its position and oriéntation relative to the
page. The g %mdﬂo 10 atta hed tqQ.a force sensor, and the force on the nib
i's |nt prete rel at roemy’ ﬁmfbﬁ’?ég’hﬁlad%R“ﬁdr%m‘hwh@tmﬁﬂ@h@e[ﬁ@mmofwep
or " . P (opically 2 ) fp therdfirestiqa 3§l The segiconbovn itk inklengisbae 0.2% ofa@onpleteipiit@ah. by

pr eSS| Ng VWWheh prinkig, Wisbmedm&dﬁﬂprhﬁeaﬂﬁ%@ﬁ&hmﬁi%prhﬂéaﬁm Mﬁ%
net wor K, FRuiniirg @EdgH: S0, &%aoﬁéqﬁégiﬂ,&gheggy&l%o t|3n*ljous value to all oW
eri

say, the full dynam cs of a signature to 5 The pen

determ nes_t osition and orientation of . its nib on the netpage by

i maging, M e raBile Srfpoecys dhe PR diiving Apeeation] O@zzlenfuerd wefer RAQ) @ atfarhed {0 che\tiisthead t Y

of t heSthi bubsirte 3k Eerdal nczding 02 Wb ieStorrsRiing BekIE QA hiledS 1 hd6h RASI eli® Broflfts dod ¥eaNi D

rel ative tm jrher hagod mmmeapmyo%g Cp%a\/ ﬂﬁg%%mnﬁ]%wt he i maged
tlcs ug on

tag and thggle A en p05|
resol ution_of. %F\ﬂ"g'%@%w JfF‘(L)W % Catse @ﬂ?i?@h@%%&é“@‘
i nversely B g ‘tag si ze, the

35 1s The Netpage Pen

The active sensing device of the netpage system is typically a pen 101, which, using its embedded controller 134, is abie
weapunemddm&mposiﬁmtagsﬁ-omapageviamimagesmsor.Theimagesmsorisamlid-stmdcviocpmvidcd
with an appropriate ﬁltu-mpunﬁtsensingatonlynea:mﬁamdwavclengm As described in more detai] below, the
system:sablemsensewhcnthenibumcontactmthﬂmmrfaee,andd:epmlsablemsensetagsatasufﬁmmtmm
40  capturs human handwriting G.c. at 200 dpi or greater and 100 Hz or faster). Information captured by the pen is encrypted
amd wirelessly transmitted to the printer (or base station), the printer or base station interpreting the data with respect to



adj usted position resolution is quite high, exceeding the m nimum g SEp 2004
resolution required for accurate handwiting 20 recognition. Pen actions
rel ati ve woomsssag page are Mred as a series of strokes. A gdfR6doRfSi St s
of a sequence of tine-stanped pen positions on the page, initrat ed by a
pen-down event and conpl eted by the subsequent pen-up event A stroke is
also tagged with the page I D 50 of the netpage whenever the page ID
changes, which, under nornmal circunstances, is at the Comencenent of the
stroke. 25 Each netpage pen has a current selection 826 associated with it,
allowing the user to performcopy and paste operations etc. The selection
Is timestanped to allow the systemto disrard it after a defined tine
period. The current selection describes a region of a page instance. It
consi st s ofte fhenimagtsticmeent di gi tal i nk stroke captured through the pen
relative to the background area of the page. h is interpreted in an
applicati oqﬁ__%gg%d 4renn once it i sbstgbm tted to an application 30 via
a sel ection yperl j n°k SCEI VATT BT BEEF DR 2ereal aking ipknes anf a5 g nggomperking jggyigs. {The
the nib | aZFpERes: WVW@MWWEWGMHMasnbmmgszmﬁahstwh@udeismﬂh

Eg;pﬁgﬁfﬁwnﬁmﬁ@Eﬁgmrmmm&ewkyswmhmq‘hdwﬁm@f%‘w&mﬂ”
825. This g tihe nib style Iast assocl at g ?mh Eﬁ% 5ny an app T gﬁ"’(ﬁﬁ

e.g. in response to the user selecting a coI or 35 froma pal ette. The
default nib style is the nib style associated with the current nib. Strokes

captured t m@u@m@mmmmmimwmmmﬂwlwﬁne%moﬁmvemﬁé\‘ﬁ&%
strokesgar W@Mﬁyﬂm@s%m&a%&w%ﬁgw G SI ﬁ

with whichfhey ta enev en 1.s w n range 0
with whi chgrl t ca-rllmcagmru at e W@"%&W |bamvth§h=mmbmerwmaﬂesn4o

Wien t he p?ﬁ#%“?%%&%@%%&%@#élwg atcontifuae vgeoreallow, bay Mperfeldysutdics
activat es phagigiagretode viifidd. \When t he pen succeeds in decoding a stroke
relative to the page, it rmmantarily activates its "oh" LED. 1 5 S E P 2006

WO 01/8983 / 8 A se nce of captured strokes is referred
to as ?gl ?”éﬁ i né &gﬂg m% %5‘5?@”?8?“?% i fheindraspd snectiuc4p grea 193
dr awi ngs %mmgmﬂ@rn%#%m@mi toppntes fhe prsitioh o the nih gpjatiwnelihé Gg
online verfﬂfm@aomd pispeiig idttioncs. theSmBRELRHENA tHe Snodhn (AT SF 8 Penl opiBte Tt dugh the

digital i niositih dsdhionsriae En-. tol Hekans¥ Qoded The
transm tteg1F % &9 yl%o %Et e%g?%r pr{;nt/ﬂzif(rzl:'@élg &@Q uri mgfmh 12g size, the
packeté%ed or i cl entl tr Fon, Jon; TeRpEpH i 6‘?’?"‘3‘ HPHW‘EP;BS

event %tlrrely handllnglnthe prlnter When the pen is
" out - of - r anBe agfus selativeitqe wipage tre ptirbdds @ seglesQ dtdites. mkokb&nm&toﬁda@kmmm

has a capaﬁmmaim%meyl%mcwh%&a&fm&ﬁéﬂd'b?%% Ehgngft gaispe
S a fsere

'gleglltail OHCW cangbbe re tere Wnéaﬁr ﬁé“% tﬁg’r : (TfeBgancep, g at the

because_ al F“m?f“ﬁ?‘gma Hpegmkes des in netpages both on paper and on t he
networ?@ it is largely inmaterial which printer apen is comrunicating with

at any parmMﬁmlmaﬂﬁ:Mmemﬁ%Mm%ﬁ%o&?& édgﬁéﬁﬁehg

I N great er g Qhdeiheti %&&hag fe ence b F
1.7 NETPAWERACTI The net pa eﬂ})rl ntef”%biéﬂr ecerves H%f“{ﬁ??’e a
stroke frofthe pen o bEevREme H%’“%'é WMM%%%%MW%M&M@M
- The coded %TMW%#%§WM@W@MQMNanﬁ@pM
execut30 a vivasdemtinthypesivicitivasma st roke. The data 20 allows the identity of
the particular page and associated interactive element to be determnned and

an i ndi cat E”r%] éslve n f the pen relative to the page
to be obtalne ne’a el n% catl n Bd"s’%ltm é@%ﬁ%ﬁ?f‘ﬁ&%%%ﬁ%ﬁé@nm% t

mk nib or the non-marking stylus nib is current. Each pen 2lso has a current nib

sty1e825.'1h1$1smem'bstylehstassoaatedmththepenbyanapphcanon,e.g.mmsponsctoﬁlcusarselecnngaeolor

35 from a paletie. The default nib style is the nib style associated with the current nib. Strokes captured through a pen are

tagged with the current nib style. When the strokes are subsequently reproduced, they are reproduced in the nib style with
which they are tagged,

‘Whenever the pen is within range of a printer with which it can conumunicate, the pen slowly fashes its “opline” LED.
40 Whenﬂtepmfaﬂstodeoodeasuokerdaﬁvemﬂmpage,itmomcnmﬂymﬁvmiu“mnr"LED.Whenmepen
succeeds in decoding a stroke relative to the page, it momentarily activates its “ok™ LED.



resolves, via the DNS, the page ID 50 of the stroke into the netvvorﬁ 2004
address of the netpage page server 10 which nmaintains the correspo ésr%’
page instance 830. It then transmts the stroke to the page server. If the
page was WOOMBMI3Y jdentified in an earlier stroke, then tHCI/AUGOMRSTT Mmay

al ready have the address of the rel evant page server in its cache. Each 25
net page consi sts of a conpact page |ayout maintained persistently by a

net page page server (see below). The page |ayout refers to objects such as
i mges, fonts and pieces of text, typically stored el sewhere on the netpage
networ k. \Wen the page server receives the stroke fromthe pen, it
retrieves the page description to which the stroke applies, and determ nes
whi ch el enent of the page description thd8stroke intersects. It is then
able to interpret the stroke in the context 30 of the type of the rel evant
el ement A "click"” is a stroke when the distance and tine between t he pen
down posi tﬂ@numdfmwm%pmmmmmmmtnkmaﬁems S2hzh R

smal | max mwm@fm%%QM@n%t "ﬁgf tck t p| caI l'y requires
onger S

aclick to be activated, and accordr n oke™is ignored. The
farluresof a pen action, such as a sloppy click, to register is indicated
by the 35 Thegends ifeless andFansmis dfsitabink tof¥ee nymgt pentér ok 2 koEBnge Fidie fisk. The Bantrved igaigk Of
i nput el enﬁmcafpmdrforamwtamg@nm@@ammmdﬁ%mrﬂut@hﬁm&&&%fdp%ﬂ%

I nput t hr OL@fe thneiy Qinfinf in 8k finef @N @l so trigger the activation of an

associ ated hyperlink. 1.7.1 Hyperlinks 40 A hyperlink is a nmeans of sending
a nessage to a renote application, and typically elicits a printed response
in the nePpade rew/s rweimnngs ofSERINAGDMMACEHRY i80S SRR RAnAYOR A Masla7capad ofover ten
hyper 110k  eln@eseidontfidbds Hashefiring (WiRS thé (o8 isaip b afthuPingd If 2ie: e ARG kb Susfered

activati onppf the hyperlrnk alink ID54 which identifies the hyperfmmi(
to the appllcatlon an "alias required" flag which asks the systemto
include the user's application alias ID 65 in the hyperlink activation,

and a descfPPds W@Ymmmmmwtmmmmﬂe&mmmm
favorite Othe nebrodiiglangdy iinfatirifiovhids ftintefa prl iSdoRuihicarhl) il W BF pdrilk sl €ment cl ass
diagraggis shown in Figure 29. Wien a hyperlink is actlvated t he page
server send s re u st t i cati on sonmewhere on the network. The

appl i cati on fégw Pt 4o Ferian £ beloy ity rpfwrensnspFigura 8 104 | D

i s resol vel’ |n tﬁ'E“’h‘E’Fr‘Wﬁﬂme via the DNS. There are three types of

hyper i nks'ihegqnerpaiumldgapeﬁmmhe&n&ﬁaasutﬁlﬁﬁthygeﬁduW@ﬁ, us@ i &t Sl el n@fhgh
yperl i aks B%Mﬁd;y% 451&‘1 ggrpgn;igm neral erI |ﬁ!“n%l can | rrgmerrent
t

a requgs &h nke ocu m?ﬁ-?goc SIApLy St grtrqa %m o e
ser Ver orm I@%YEP‘F% RSVl v ats) W aﬁﬂﬂ# n.
A sel ecti o%ﬁeﬂmkfﬂy,mmymmewmmmmmﬁmmpmpm inBee it | f

the curr entesobsl e DNS,Qi@tiagdi IDS0 3f thé RPkLindd/@e Qe sre@flof 18 HE ;QEe s@:’&é‘ﬁ@'u&cﬁ

th | tH Bfresphein G uRALES QQ {
rregn?ﬁg :Nlctalilinﬂrlg bed ihoaile ea&gm%p %’VI Q%E'f'a |0ﬁ°‘?‘ﬁ‘l‘6‘°ﬁ‘ﬂ"

the con i n which it ap
differ ’Id%hﬁg]’ﬁage %ﬁ“‘" R o M v “'&h%ﬁﬁﬁ%?%q‘ﬁ’ﬂ@’d“twmﬁtnmmm
i nfor | oPfReE @Hﬁﬁfprﬁﬂﬂﬁﬂ@taﬁmﬂeﬁﬂsw:rbﬂ&%vmm;whdwhgm@wh nk

i nstance 88w mebjotsteh & ibag@)femand piktes bidxD Gpitdly sdfed CRddndonHe 8afeintiwd® t he page
i nstance on which the hyperli nk |nstance appears. The transactr on I D can

|dent|fyu Cedal g LQ lcatlon for exanple a pplng
cue" of pe i% l"zt“Jﬁratbs‘:gs %”ar n ar ne "E’ﬁ/ %ﬁ“@ﬁ'b |E’§’t‘f’%"ﬁ° APPEesHaad f
of the use Paﬁwtﬁe@gﬂtmokpennemdmmw@ummmbmm
sel ect3®bn pfyhaermfﬁm&mrmm on. The systemincludes the content of t he

associated forminstance 868 iii a form hyperlink acti vation, although if
the hyper| hng,dpggmwmw}gg%é d velLd, il Rut £ set i nput since the
| ast forchH‘ﬁm |on|s|ncue%lili“ﬁ‘esster{'ﬁn éf%‘%ﬁ PERPPRTHIP 170
path in al I"i“ﬁ SEEP AP ““ﬂvmﬁbﬁ'ad’*wﬂmmachcktobewmmd.and

Y, alungusuoketslgnored.'lhefmlureofapcn action, such as a “sloppy” click, to register is indicated by the
35 1k of response from the pen’s “ok” LED.

There are two kinds of input elements in a netpage page-description: hypertinks and form fields, Input through a form field
can also trigger the activation of an associated hyperlink.
1.7.4 Hypetlinks

40 Ahypnﬂinkisam:ansofscndingamcssagctoarcmoteappﬁmﬁon,andtypicaﬂyeﬁcikapﬁmedmpominme
netpage system.



25 A byperliaked group 866 is a group el ement 838 which has an asgoc gima
hyperlink, as shown in Figure 31. Wen input occurs through any fle

el enent i DReggg oup, the hype link 844 associated with t

activateaﬁ 2 hyperlinked group can be used to associate H@ggﬁﬁﬁﬁﬂkﬁehavior
with afield such as a checkbox It can al so be used, in conjunction with
the "submt delta" attribute of a formhyperlink, to provide continuous

i nput to an application. It can therefore be used to support
a'lrlackboard” interaction nodel, i.e. where input is captured and

t herefore shared as soon as it occurs. 30 1.7.2 Forms A formdefines a
collection of related input fields used (@.capture a related set of inputs
through a printed netpage. A form allows a user to submt one or nore
paranmeters to an application sof tware progran1running on a server. A form

867|sagr t n.the.doc rarchy. 1t ultimtel )
contains a gl ﬁn%“ﬁgafm}?l &&thaﬁ%égew&d%%& éqféhfﬁgfp!”ﬁ’g‘t %Pﬂ’fé]\é%@m"h
represents ‘d&“t'B'r“hﬁP@th'ikﬁ%'P%ﬁﬁ@é‘m@’f' angy'alfagyreqyired] ﬂasoelnisqslgtﬂs sygfm t inglode the fusef's appliglation

i nst ances SRODMiicthe kmdﬂihkﬁqﬂﬂﬁda, inaati&a&npriuhe:b:eh e hseded Ge BAGINR s dchi€ahdf MonEdLh

field iFst apas i@ Onidsy P Qasﬁ%};?m %9?2 cdepends on the type
of the corresponding fiel d eI enent. Eac |gg% va?? records input through
a particular printed farminstance, Le. through one or nore Painted

net pages- THE § bPink|inackvas. sber pagn emer stndavnreinest K quapBic@mh sonévbEe ainthé oerwirk. The

i nst ance ha;shrauostsm:ﬁaﬁﬁnmmmmdlmee@hmme&eﬂmﬁhewsayaﬁhwﬂs Thnre

frozen, sum o) mgﬂ rin
form %@Oi ce.l E necajéc3 {0? 3% Becones subni Woﬁte SIE‘)ne
its 1 5 SE 6 \?@“8‘ %‘?ﬁ FrP‘s‘%’f"&HPlh%‘é‘r‘IWS“FPas
been acti v&MEdA fﬁmlh&%mlwemmhpmwm@ rptths apdiealinm A sebesion kpecink ubinbUbeouset
A form becedretdn mmdpphummmmsmwwmﬁeswéwdbémmg ﬁr%&&lﬂh@ﬁﬂ.&ﬁmm

dupl i cat e k0 sB@ gﬁg@&ma Al 960 HR, ﬁmm%@fﬁr‘&#w el D3 o

been activggexc eclfi tine
active fo%?nlnp%?i‘s ai’Fo !Hp”f%ﬁﬁm’fﬁ hﬁﬁg’ﬁmnf"dsr PPRECPHSE active is

|nstea1)5captured I n the background field 833 of the rel evant page i nstance.
55 When théhrfcmmnds!smnnkastmceﬁszmm;mﬁmmmubwmmaspwcainhe@wdm&uwmcb

attenpt t oms upekidk iduhirafpeitd) Ghe kB oMk SielRBY usBGhekidCana QY il WEEHbn, 5 example »
rejected, a‘?’%ﬁ‘l‘ e,gd I|C|ts anfo mstgtus regorti glﬁ%hformlnstanels
associ at ed eg%%' gﬁi/hﬂ’rﬁor m | nsb?’ "t hus provi ding
a version history. ThIS allows all but the |latest version of a formin a
parti o2 ar Wimmplelmies)ﬁemsbemunmﬁnﬁmhwﬁ&kﬁhvm&m&mm%&k&nmmf
capt ured a&eﬁb@ﬁﬁ&ﬂﬂ&uasﬂéﬁhﬂyﬁ&nﬁ@, Soh St 0 hypriisiGihs i@ 5 s

st roke grogp'gmﬁgﬁ““&gﬁ?hgfﬁ M/?[b&}mo %Onﬁm%.t of -y gﬁ:of st Ilgdm%gﬁgmézg
Each stroke cqnsists o se tan anpe d’én po

al so i ncl 88%8%en orientation and nib force. The digital ink class diagram
is shown in Figure 33. 15 A field el ement 845 can be a checkbox field 877,

ZI éﬁéh%ﬁlcehdyﬁ&w?oﬁmmnﬁmﬁuaﬁ&ﬁi&m%aﬁ sg({“ﬁl?&%%t irh&gaazf:in;%kg
field s zog%&% H“‘}}@s‘,dl neg Pﬁ‘é‘f?’g%‘?&ﬁ“’ﬁ“‘g‘ﬁ% 3?"3 FReT H’
associ at ed 88 F‘(‘fg""é Wﬁﬁ’r“k“‘(‘%\mﬁ“&?@“‘"ﬁh

cross, a SW&W‘WTWWQFW@WWQMMM&HMWe

causes a t euprtuiHladibotrd) mEctivs RubdghtOwHe® ibdd 2 capiufll £ha herat diBed aPRovAs & Rxds. T i €l d
has an3@ssqgizat eGolixt val ue 882, as shown in Figure 36. Any digital ink

captured i & abipehd 1zapel t-omati c nver totext V|a

onl i ne han V\f/‘rgﬁd% reg':(l)lgn";§ Ion é&’?“% ‘ggm%fg‘gﬁo 5?5 o form

val ue. Onl #if&s2%g WWWBM@WWB@M for exarrpl e

Tapperf[._C., C.Y. Suen and T. Wkahara, "The State of the Art in On-Line

Handwr i t i N@ #RRG6VGNY drduf AementlsEREthd i2R8R St QfinsFeR bR a SN XS MERNR ELY NE

I nt el |39enﬁ%mM8m%§nmuom§ddn§m%euc§aform t(ggnsxmdasctofﬁddmstmcesmwhwhmspondto
the field elements 845 of the form. Each field instance has am associated value 871, whose type depends on the type of the
corresponding field element. Each ficld valus records inpat through a particular printed form instance, ie. throngh one or
more prinied netpages. The form class diagram is shown in Figure 32.

40 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



A signature field has an associated digital signature val ue 883, az E‘sgmm
in Figure 37. Any digital ink captured in a signature field' s zon
automatically verified with respect to the identity of the owner of the
pen, and VMO®1/§9838|1 signature of the content of the form eictusinesiye field
Is part is generated and assigned to the field' s value. The digital
signature is 30 generated using the pen user's private signature key
specific to the application which owns the form Online signature
verification is well-understood (see for exanple Planobndon, R and G
L.orette, "Automatic Signature Verification and Witer ldentification -
The State of the Art", Pattern Recogni tion, Vol.22, No2.1989). Afield
~element is hidden if its "hidden" attribi®e is set. A hidden field el ement
does not have an input zone on a page and 35 does not accept input It can
have an as&® wﬂgnkewwhwmwmemmmmmabmmﬁm £l &irf) basbeea vdidn e

for mkcont]ammnggustd”imq:i& eloill forfh, Bdad¥6rntof @phicars ﬁ%@b%wﬂmgémammcm the form
strike-thr al.so be recognized in form

fields. Beggusedtu%e %%5‘\9\/?71? recogn?vt?l?“on g"ﬁf:]%rl t"hﬁg’t\ﬂ?‘k sl ﬁi [ trqugfps
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run-on di sériRkelsYejeditd, dofl BReal HBibACHBI AmW¥edold €l atively high accuracy, without
a witer-dependent training phase. A writer-dependent nodel of 1 5 SEP 2004

WO 01/ 89838 PCT/ AUOO 00517 -21 handwiting is automatically generated over
time, howeV &P ﬁ%ﬁﬂm@aﬁ&tﬁeﬂﬁéﬁém%méaﬂnmmm dqrifed from i cthvs prpvidij agyertin histami Thisis
al r eady steltoe‘dﬂlbﬂ@nbtesmoobfaaors@qmmmtﬁs&pﬁbcrt@%eﬁ:luda&&mss‘eﬁ&ke whi ch starts
in a pHdticular element's zone is appended to that elenment’'s digital ink

stream re r tal b st.roke no ended to an objects
digital i na‘gﬁghgtﬁﬂ%%{‘gé%p%enﬁedmﬁ ‘g ?de*F’?l“ém‘H’F B4t saph.of pyRich

stream Di §REsHoft Mo tdyd e ds ﬁé“lﬁ@@%‘g’?b&?ﬂi%@nﬂdmmﬂﬂtﬂemr@eﬁwmm
sel ecti on Gdudey peworienBitorandrstcioneg The digitabifk dssaliagrim isthbven R3S | S  general ly
interpreted as a selection of the circunscribed objects, although the

aCt V2l 18 N R0k BLAiohlLad & oo 1 s PPRSRSEIL  Gestshel Y & St UL 8 SR B

various pen interacti ons wt
i nt er act i ofERHCEY asmmdt g é&ﬂﬂ%@@a&%aﬁm@méw”ﬂwmmﬁm
Hyperlinkeneral M ckSubnmit action to application oxenlinkSubmt formto

appl i catioa cﬁﬁﬁ&ﬂmlhhﬁkﬁw&%dboaﬁﬁmlsﬁnm%w@ﬁ@tgnﬁﬁ A sl ﬂ&'a%@?&lﬁpe?

mar KAssi gny q1 el wrft nv to text; assi gn

text to.fie gl gl tal | nadgsay gh C%P |t?1'%°$'5“€f°&° d's value.

Si gnatr eSi gnat ureVer| fy digital Ink signature; generate digital signature

of form asdixtfiriddiagpnambciaed Gxrolesrse2, kohfvindd Hauii 6CANBigial PF Eapidd HiaQds fiellf sQhokedtd

| nk t_?hcur&ﬁmﬁncagloaﬁ&baﬁmﬂﬂmmﬁmﬂm%ﬁ&ﬁﬂé@&%{ﬁ% lo%td,ﬁ@vﬁ,g,&oﬁggh

pen. e s%gv%ﬁ ﬂflﬁ il gFJ E e ured 1 n

I s the backgro gﬁg? ef"é‘* se ec 1-on “’i’ngegﬁr $'t“e"r" %ﬁgﬁﬁ'ﬁ'%

ti neou2t5 t OAg %-Fr&é-ﬂ m&gﬁﬁo@%h glrmsachons on Patiern Analysis and Machine Intelhgence Yol.12,
No.8, Angust 1990).

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

30  generated using the pen user's private signature key specific to the application which owns the form. Online signature
vedification is well-understood (see for example Plamondon, R. and G. Loretts, “Automatic Signature Verification and
Writer Jdentification — The State of the Art”, Pattem Recognition, Vol.22, No.2, 1989).

Aﬁelde[ementishidde_nifils“hiddm”am'bmeissetAhiddenﬁeIdelmmntdoesnothaveaninpntzoneonapageand

35 doesnotacccptinp\.lt.ltcanhaveanassodatedﬁcldvalucwhichisincludcdinthcfonndatnwhenmeformoontaining
the field is submitted. “Editing” commands, such as sirike-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),
40  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
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Figure 38 shows a flowchart of the process of handling pen input relative to a netpage. The process consists of receiving
(at BB4) 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 acommiated digital ink of the field,
and determining (at 894) whether the field is part of a hyperlinked group 866 and if so activating (at 895) the associated

25



contains the same hyperlink transaction IDs as the original, and s %

I ndi stinguishable fromthe original to an application. A reset fo Pns P 2004
command voi ds the corresponding forminstance and then produces an active
printed cM¥PYL8I838he form instance with fold val ues di scardadaycd/gei; f or m
status command produces a printed report on the status of the 30
correspondi ng forminstance, including who published it, when it was
printed, for whomit was printed, and the form status of the form

i nstance. Since a formhyperlink instance contains a transaction ID, the
application has to be involved in producing a new form instance. A button.
requesting a new forminstance is therefore typically inplenented as a
hyperlink. 35 A dupI i cate Page conmand prdduces a printed copy of the
correspondi ng e instance wth the background field value preserved. If
t he page CW‘& ifelyrdeerining ¢t §58) vthethsf theformaterpletentanmetpgs o @ pypkritaktePm@AHE if so
command i sactivatiegr(R%Es) helcomrespaddif HypeHiala bi@mativély, B e QREEROH an bl FRAGE b a{p%ﬁlﬂ@"hg

d t E
backgr ound. ¥ ‘?‘2*‘%“3“5?‘&% bl dioi 53 b L Ao 8RO L0 B e oo pr
of a fgmc"frﬁ“é P 8idsroumt pen. 5 GRRIPR] by the r?ﬂi?”é?‘b‘ﬂ@t’ed as a reset 40 form

command® A get page staters command produces a printed report on the status

of the cor Fes{EBaMibng RARENdVEIE HIEF893 initd Goddd it WRRDIH %E@%w° ot

wa rinte nd the s of

co?\t g.l Ins o?ﬁdd{ r‘t 1 %E\éﬁgﬁgﬁ %&m P’Eif : %ﬁ%a“?%‘h%th"“%‘
net page | 0g8 %@ at B ‘é‘&f“%‘“’dﬂ‘s’éﬂ/@f‘wﬁet‘p%@b %&aw?maes@&haam@uwmﬁad
dupl i cat e Yigaltaatively deerBiniah Gn8og) m@empnsd:an&eﬁdsﬂdlmbuﬁahﬁglcmobmmﬁh%km

val uesiQr eapite eixt, mamemamw M%&%&Qﬁ

fggg:grge@ml y dravm n%sm%% g% a urletggﬁgphe g?%ﬁ'?#%%g’f“ﬁ&f 9?’?)?‘?1]

with a sigh8 as °§n§t‘%fh&a}"€? of ithe SEProgrise esisention sver.ereting (b PO4) &
si gnature %Wmmmmmmmwmmmmaﬁwmmw
copy of t hemeoiphkpigiktieley elahy B odeRsliapRliciol, BraRRGHQ1 R YR tmd & g,ram
val ues15)re§&rvglgg I f the docunment contains any forns, tﬂen the&!a]&p |catl<iam
docunent cpmy ?g%cateéa the forms in the same way a duplicate form
command does A 1 &S ®command produces a printed copy of the
corr espon%wmo@mmﬁpwm@@mwummmm@ 8l optaales kirBctlgl bristeray] h@eChnd |
t he docunemtunemnmktadcts any forns, then the reset docunent command resets
the forms in the sane way a reset form conmand does. A get docunent status
coma prgduces a %ed report on the status of the corresponding
docungnt i HEPRHTE ‘i“‘ﬁ‘&‘ﬁﬁ ISP oPeme 808 4 dupligpeform commpygd 9034 rpaptcfeim comypand 15
whom i t m@ommmmﬂyam mke @myparfl GA2VS reset RO CorMiarAD13, Iafge:tpb@ sRage
Server COnwameids14, dfphak Ain@ek corkband 918\drdet bur@Bilcombal 516, loPEge LRTRR W
han on the

on the pagq7idefddkaggy the pen's current sel ection rather t
page cont aining the command This allows a nenu of page server conmmands to

gtt ed. If the target page doesn't contain a page server comand
eI enerft® f of vtihlemremend yeidsdhesersepontiog ooy intpomvadigilicatt FremcomBid trdids tieoomeEpoding Sorm

i gnor ed. Anstn@phd thed praziceCANRE fitied Gopp Pithd ol 9 B4ARS widh Eehh@eﬂﬁ' ﬂrQQveEYm

enbeddi ng W&Iﬂ@%mﬁg{m@& l, age
server actjvyafes the hy edgl nk ass ;t:hlg EFQGQ %%Eﬁ yper| g oup "g
t han executl ng he page servcemr“pg"gﬁﬁg“ﬁ’d Fe‘F‘“& ﬁﬂ’yéf@

i s hidden Py g WubﬂMm@wwﬂmamﬂ@Ms abis

not ha¥d awmpmwfmmema:d}nag&mmﬂmn wehai s pfedAfsd WhoatiEwhs Gint-aChod Yhe RYm @
user. |t csdfsoftiMekmede activated via a page server

Since a form hyperlink instance contains a tramsaction ID, the application has to be involved in producing a new form
instance. A button requesting a new form instance is therefore typically implemented as a hyperlink.
35
A duplicate page command produces a printed copy of the corresponding page instance with the background field value
preserved. If the page contains a form or is part of a form, then the duplicate page command js interpreted as a duplicate
form command. A reset page command produces 2 printed copy of the comresponding page instance with the backeround
field value discarded. If the page contains a form or is part of a form, then the reset page command is interprated as a reset
40 fo:m(:omn:land.AgetpagesMsmmmdprodumapﬁnm&mponmﬂ:estatusofmemmspmdingpageinstance,
including who published it, when it was printed, for whom it was printed, and the status of any forms it contains or is part



connand enbedded in a different page, if that page saver command has ﬁ€§7M&
"on selected" attribute set. 1.8 STANDARD Faai u s of NEt PAaEs 30 | i

pr ef er r edwiopyiwsgach netpage is printed with the netpage Ip g& %g bot t om

to indicate that it is a netpage and therefore has |nterac ﬂ Serties.

The | ogo also acts as a copy button. In nost cases pressing the | ogo
produces a copy of the page. In the case of a form the button produces a
copy of the entire form And in the case of a secure docunent, .such as a

ticket or coupon, the button elicits an explanatory note or advertising
page. 35 The default single-page copy function is handled directly by the
rel evant netpage page server. Special copypfunctions are handled by

| inking the logo button to an application. 1.9 USER HELP SYSTEM I n a
preferred efibodi nent, the netpage printer has a single button | abelled

"Hel p". When pressed it elicits a single page of information, including:

40 status of rlpter connection status of prlnter consumabl es 1 5 SEP
2004 WO 01F§§§§§3 PRISE PAT Y BRSPS sl patrmied wg agumiestrguse deesginent  f unct i on

menu top-level netpage network directory The hel p nmenu provides a

hi er ar chi ca#heimmgahusb&& xkleml&ﬂd uﬁﬁﬁé&ﬁm&%&é‘ﬂ& ﬁx%ﬁ%ﬁdgﬁm@&iﬂﬂr&bl%g

menu i ncl UGS} Gode ct 15‘? anLglrl nt a co cunent

a clean co%of aform r|nt 8

is initiat &Py "hfﬂgymdp %ﬁ%’gﬂmeemmedabrda m@aqd m@mdwgmawcepagm
t he docunengificsiere st atus of 10 a docunent indicates who published it and
when, to Wachplicie dduerd BirindpRehcesApEndCopdlaOe mraoe&,ma ol
submtqu Jueprs QLD M‘ﬁ?mpg%ﬁsg&l %g“ r | ous 1 e%%%rmﬁmdﬁ&d
navi gat e the h| er Iﬂ I ca Yons an 8%(-‘“’“‘8 Peicatesy e formgin the )
al ternati v & WWM@MW@N&W

pages" and WMW\H@G@ mdlscaﬁqe Iftl&rdeuuainoeon@ﬂdw f&ﬁiﬁtﬂﬁn b RsetiREimERd
document amehniandsksets ik o i BE sathS Phy asxe.ﬂrfbr&t:ﬁﬁmﬁ)ﬁ&?

A0 uces
type, the M%mmﬂg a S service
f ee. T{‘ﬁ bg page. ? ohvi oule1 avali able 't %ﬁe prlp“% |swg°ﬁ‘ﬁa'f3’f%“%
print 'S ca Fﬂ”@j fEo%as- it and the user can request

renot e di agnosi s over the netvvork .2 Personalized Publication Mdel 20 In

t he fol | owitity pgie S L cptnands MTﬂumeﬂaa&n&eG&ﬂﬁﬁuoS&uW fede® Qb?WLe

to Illustrmtm&ewmw RS afdet P2 eoﬁpé%tem Al 0“3%
news is of | m ted sense of newspaper an

the in scope Rt L%Wéﬁm@ﬂqu?‘w& T the éﬁ"ﬁ’é@%m??vﬁllﬂem
the e or| ‘-’éﬁ‘t"“bnd the advertising content of a news publication are

personalized using 25 different rrechanl sms The editori al content_ i's

per sonal i Zad aE&ih dindevilkOipfiidfol HEHE

| LGitl el Y o
AR oty s et 0 e

the page server command.
25

A page server command element is hidden if its “hiddsn” attribute is set. A hidden command element does not have an
ioput zone on a page and so camnot be activated directly by a user. It can, however, be activated via 2 page server
command embedded in a different page, if that page server command has its “on selectsd” attribute set.

1.8 STANDARD FEATURES OF NETPAGES .

30 In the preferred form, each netpage is printed with the netpage logo at the botiom 1o indicate that it is & netpage and
thm'eforehasmmacﬁvepmperﬁes.'lhclogoalsoactsasacopybuuon.lnmostcampresxmgmelogo;rodumacopy
of the page. In the case of a form, the button produces a copy of the entire form. And in the case of a secure document,
such as a ticket or coupon, the button elicits an explanatory note or advertising page.

35  The default single-page copy function is handled directly by the relevant netpage page server. Special copy functions are
handled by linking the loge button to an application.
19 USER HELP SYSTEM
]naprnfmedembodimmt.thenetpagepﬂntu'hasasinglebuttonlnbeﬂed"Hclp".Whm;n'essaditeIidtsasinglepageof
information, including:

40 < status of printer connection
* status of printer consumables



2.1 EDI TORI AL PERSONALI ZATI ON A subscri bes can draw on two ki nds of] nm
sources: those that deliver news publications, and those that deli vér e
seans. Wiile news publications are aggregated and edited by the publisher,
news str &4AB1/88888 aggregated either by a 30 news publi shepcgfatdogsy?

speci al i zed news aggregator. News publications typically correspond to
tradi tional newspaper and newsmagazi nes, while news streans can be many and
varied: a "raw' news feed froma news service, a cartoon strip, a
freelance witer's colum, a friend's bulletin board, or the reader's own
e-mai | . The net page publication server supports the publication of edited
news publications as well as the aggregation of nmultiple 35 news streans.
By handling the aggregation and hence the4formatti ng of news streans
selected directly by the reader, the serves is able to place advertising
on pages OvVEPIAPEEPE ot herwi se has no editorial control. The subscri ber
bui | ds a daddcymencussfraped: by Sel ecting one or nore contributing news

publi cat i ONgp 1A thiafe@tivdiP ey PET SONal i zed version of each. The resulting
dai ly edi t.j.hgp are printed and bound together into a single newspaper. The
40 various TE “?%F“QEWWW?W‘&EFW“%M their different
interess Tepepomen foaefiopmpeny inledes theriojlowing fireticenat  dai |y  publications and then
cust om zi rgpidaedpy of s dvatmedr P 2004 WO 01/ 89838 PCT/ AUOQ 00517 -25 For each
publi cat i Qnprid N\Gead fleQptionally selects specific sections. Some sections
appear dai | Il e others appear weekly. The daily sections avail able
from The Ne PHPREEUBM i ne, for exanple, include "Page One Plus",

" Nat i onal "4 doeymant Syetian is iisiatkd by sitigfpprevsimntie butiolBatd HEOG@Hing anyMide Sf theAldduMGhT. The starus of
aTechr‘l@I O_@)ﬂoq?mﬁiﬂiﬂdagaﬁpﬁ{otpﬁbijshedTmci &b, t@&hoé\h?&d@mu%d_ a (S Sn aH herd i§‘ﬂ'§ F‘ﬁ%’ %}n & to
publ i catduhed @S eds t he default subset. The reader can exten e'darly
newspaper mm%r eating custom sections, each one drawi ng on any nunber of
news streans. %t?%ﬁ'f?%‘ﬂ’l%W%Wt“‘b@“&?é‘&ﬁ@d“fﬁ?hwwmwfmm'm
announce e tlsmativiodie Sestigh el the getpagegietvor 00 OiiRg " yelloWages” @ Aol 105 hfiide GpbrhtbrCThe

topics (" Apeadrsihlooae teGhirpitodagent d roldit o@e LA b B on D BocleRRUBL, the publisher
opti ongl | Yor 8PR& byt BSsrlatk j,,;&w i qualitatively (e.g. short, med um or
| ong), or nunerically i.e. as alinmt onits nunber of pages), and the

desired proportion of advertising, either-qualitatively (e.g. high. nornmal,
| ow, now) , ToohelPieg s obvionsly ypavgilableif the printsr ipwalgetn bring &) this Gl ehe e Bght iBitSEH the user can
opt i onal | yequsstyenpe siiegmoss oper &k efwoikce for a | arge nunber of shorter articles or
a smal | nynber mischfiRefbubidatorithdes! €S- Each article is ideally witten (or

edi t egp ”}n&%ﬂ, shart. and | qong forns to support this preference. An article
may afso be wri Wﬁé’“gB?me“ﬂTst‘% *F heRRARICE Bplifon Perelt b st peppralizeion pechasiepeiot ed

sophi st i cdteRYPRETYste Altheygh pra is offep psed in fha ligpiked sehse offpeyipet @nd@kvishehio®ia nGvs Ak Gntended
adul ts' vesons inthspresdine@mtepisvid@ar i at e version is sel ected according to the
reader's age. The reader can specify a "reading age" which takes
. precedenc eir hiological age. 20 The articles which make up each
gecti a?‘é%%&é‘%%%ﬁ%oﬂ%ﬁ ﬁ&@”‘f"ﬁ’é“@ﬂ?’f?fr‘s‘{‘%ﬂi@%ﬁ‘ P%‘Oﬂgﬂs# g¥red a
Usef uf®l i feEritgnechanisms. (ibe sdifprial gopfeny iscReponaliatd; apaonding) tof the midkr'sregflicitasnded SLORPRDBT S
in priori teypresd disrest Pl Totivetifng s [RacSHzERAbEREE b Be feldi s TS God BESgShic.
edi tions. 2lin secédneRs. PR RZkiod S appropriate, the reader nmay optionally
enabl e colj ghahatiVEw dol 1.ng. This 2 then lied to articles 25 which
have a sufp{‘i ci en; %‘gﬂwodﬁé&' (]eklgl*dg%in%.mggéﬁ?sé?‘?tid%ﬁ ST PR O 2R s thae dtiver mews
col | agﬁr at Ve PRI EPY IETOms Frisparauednd sitedy the goblidher newrsseans e rpsremind civkr Myhe
articPe. TP PRliheronky 2cperialised o dzgrezatpr. lees pullicamibes Grpigafly Grrespond 4§ @alitioRIwspapers and
"disli ked'n)wsmiﬂenghﬂetnemm&dﬂéadmgnm%ﬂ@@ﬂﬁ%whm&%wa%ﬂ&ﬁf&g%
article. Aedignsl ' Mok QG s Rlide @b b d and ,short |ifetines are therefore
effectively cor??i&der ed 22‘8@6% b%atédé%i%hﬁgm%f/sﬂwﬁgm@% 30
delivered to nost rel evant subscribers.
The netpage publication server supports the publication of edited news publications as well as the aggregarion of multipie
35  news streams. By handling the aggregation and hence the formatting of news streams selected directly by the reader, the
server is able to place advertising on pages over which it otherwise has no editorial control.

itors and are

The subscriber builds a daily newspaper by selecting one or more contributing news publications, and creating a
personalized version of each. The resulting daily editions are printed and bound together into a single newspaper. The

. 40 various members of a household typically express their different interests and tastes by selecting different daily
publications and then customizing themn.



The reader optionally specifies a serendipity factor, either qualitatgspreim
(e.g. do or don't surprise ne), or nunerically. A hlgh serendipity factor
| owers t higegzhol d used for matching during collaborati

hi gh facbg?%nakeg it nore | kely that the corresponding ?Eiﬂdﬁﬁ%#ﬂg be
filled to the reader's specified capacity. A different serendipity factor
can be 35 specified for different days of the week The reader al so
optionally specifies topics of particular interest within a section, and
this nodifies the priorities assigned by the editors. 40 The speed of the
reader's Internet connection affects the quality at which i mages can be
delivered.. The reader optionally specifdses a preference for fewer inmages
or smaller inmages or both. If the nunber or size of images is not reduced,
then 1 5 SEP 2004 WD 01/ 89838 PCT/AU00100517 26 i mges may be delivered at

| ower qual i loa) r reater co ession At a
gl obal qI evg%rM eb%?aggaagljf gé%(raga@gssaﬁ%%eﬁf i é’g' P Rreay %E’hﬂér‘? ki appear
nmonet ary vﬁ'ﬁﬁlés a s Sagle fon Toei Noy %%”mﬂ‘s‘ﬂb‘m oy pwpletinsifre Pags rime Plusls e

i mperial orNatienalf, rammmmampmnmm atrets/Living?, freduisiiy”, B dSpartsh,Oxa bet GLNVERREY |
and whe hemmmaamdmwnmmmaf‘ in situ transl atl on or

annot at i on e &£ eri ved from the reader's | ocali ty by
default. To're ucaenogrxgg n%%?c [ cu]?tl est RS b‘% oG Y, RebrE of Witer
opti onal | y e @ Friegds’ m'%ﬂmg@is (Pvopedd 1ot fot shaitprinBotrh

text and iﬁ&b@sspmfemmr@dtsacmmgﬂgl y, and less information is
accommodat ed on each page. 10 The | anguage in which a news publication i's

publ i d, r ext . encodi a._pro of the

publ i igl oﬁ@g&rﬂmn'% W&gmhg%qgexésr essgﬁ'qﬁgjgf'#é%etfs iR 07 dgne). ¢ ppmerically
net page sy% e’ﬁ?%‘ﬂh%“@&ﬁf"f@’&?’eﬁ fbﬁd?ﬂ“ﬂ\v’i"’éi’émeﬁ}?‘ﬁﬁﬂ%ﬁi WW@&@M%
i n vari ous loyuAonsd gr nupeicspXjy/E RS p8EI@e). OCAL | ZATI ON AND TARGETI NG The

personal i zation of the editorial content directly ate the adverti sing

content, bm@g@g,@g%@gﬂ;ﬂﬁkﬁg@%&mcggq%gpn%gﬁm% eépl%ﬁ t he

edi t orjg rav ads, for exa C are nore AP EE Ot Rty
travel‘i sec on% Relel g%“é‘f"é“( P ?W@PWEWI%I’WGM to an
adverti ser (andthereforetothe publisher) lies inits ability to attract

| ar ge nunbés Mmyrabaﬁhewmidﬂrt&iMmﬁbr@Mmmw ﬁﬁeﬁeﬁﬁh@ﬁ&ﬁoﬂ@f&emﬁa for
adver ti si Ngiafe P hrdfifctil | HEuhASS0! Yert 4 L UPALARAGS C.émké"ca' ke
| Ces retaillers

det erm nes oXi aI’II C
parti %ﬂm %er?q%’g an bé#ﬁ?“%‘%ﬁ*&%%“\kﬁ“@ﬁ%% | ocal com‘rum ty and
nt

envir Denogr aphi cs det erm ne general interests and preoccupati ons as
WEI::I as -l mlaqldsp&nhimw&eﬁdﬂm%aaﬂﬂﬁpnﬁm&dlbﬁmﬁaﬂﬁh@&ﬁiﬂe&ﬁ%ﬂhﬁm
Product i SBAGKEN héyShegliverRRR M elevart stk mgrﬁfnf '}.ﬁ&r

) emzeqa# its rea ersﬁp S

the publiga on s geographi c-coverage,

readershlp 0 hi cs, and the page area avai l able for 25 advertising 30
I'n the net B éﬁ@""gv%‘-ff)' B¢ Fragan erypoallysasbls pollsharasive filtegvgn Fhistitthen hptied to articles
appr 0x84rat whigh fayeja m&s loog Efttine| Bagh mticleavhiohl lqlaiifitator EdilabGrative zﬁhe:ag)is@mﬂdwamtmﬁi ng

space on amMMk%Sﬁ&k%ﬁoﬂ%%&?%ﬂé e Bk BPURL b Eatiel? Thaking jLmare
geogr aphi CHeRWeaR8y Q@,ﬁﬁﬁg d_ﬁ readership, the size of eac reader
section edition, each reader's advertising proportion, and each reader’ s
dermographi¢c. I n conparison wth other nedia, .the netpage systemallows the
adverti si nArtes itk highpriprisieschnd sharciftings ang fherefore efectivtlyxiobsideratvshentisl inediogcdy Serelitdresnd are
pi eces3hf  ddivered toly@starivile ssiv@merat el y. |t therefore allows it to be sold at
closer to its true val ue For exanple, the same advertising "slot" can be
sold in va r.oport ns to.several advertisers, wth individual

reader s’ h@(ﬁ@%% mpaﬁ) %1 STBERD T SH SUAEREY {58590, ARt P iRe QRRpEFTicls A
or anot her* 8’%’%? thrgsheldyeseddpr gichingiduring exfllabomprive Eltegng) Al high fectep alias it more
adverti ser ikelyithat mmmwmm@mwiwmqheWuﬂwmwb& 0
det ai 1381 pipedhsdior ditfd-aidaBbioReand online purchasing. It

The reader also optionally specifies topics of particular interest within a section, and this modifies the priorities assigned
by the editors.

40 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



therefore raises the intrinsic value of the advertising space. CEHSRN
personal i zation and | ocalization are handl ed automatically by netp §
publication servers, an advertising aggregator can provide arbitrarily
broad coW@AYBI38 bot h geogr aphy and denographi cs. The sulPEETQENI00517

di saggregatioa is 1 5 SEP 2004 WD 01/ 89838 PCT/ A1300/ 00517 -27 efficient
because it is automatic. This nmakes it nore cost-effective for publishers
to deal with advertising aggregators than to directly capture adverti sing.
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 internmedi ary between advertisers an -publ i shers, and may place the
sanme advertisenent in nmultiple 5 publications. It is worth noting that ad
pl acenent eSS TAE feliyard loe ity Gonat foner rseutionsr witgsstprcanpretsiban ad pl acement i n
the publication's traditional counterpart, because the publlcatlon S
adver ti si N@: $PotaLleved 1 Pdaler e Myl the full tles
negoti ati op Bet veen advertis rgﬁrgggg%fﬁggﬁgéaggre 3?3 aﬁﬂgﬁﬁﬁ '8 fregt gﬁ
the pr erﬁeﬁgf%rn1o “ﬁ@?ﬁﬁdﬁmﬁﬂgF%WFT@ ﬁFBWTE@%‘§%ﬁ@“&ﬂ@@ﬂaﬂédm@upport
for th ?néif%ﬁ%m st HEbledh M gungterop Ghese pofrencasteglerrtdditim til fhderaSeal®d by defanit.
advertising space. Automation is particularly desirable for the placenent

of adverti seRBRL Saaip iBdd08 MELA LS g@& atgpuagﬁ%?n%%ml%g%gﬁne q@ach as small or

hi ghly | ocal i %gogﬁlert I.sements. acerren a
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net page ad 15 server. Correspondingly, the publisher records the ad
pl acentht Tie lidgege el veish AtnedrSiupiagion Bl iked lahaOR) csmg M

publ i cat i OpubH@is &hd oY Srefdlece HAeled 3 Ghe Rer PELEQNEL 12 Z‘h sgubl | cg | onE i| t" p| cf<s
the rel evan dvertisenent,s f.romthe net aead Sy fes
oénm]ﬁnl

2.3.1 Infornatl PEITHY I ¥5e- personal i zati on of news and ot her
publ i cati ofr? el AREFEFNGLPCAFABIN YR TARGEIINGUS er - speci fic profile information,
i ncl udi ng- Thepervhdliceon Ohe mwldﬁbﬂfg%ﬁﬁe&m h%dsﬂ&s\:&ﬁﬁﬂ%ﬁmd

cont acts debaiﬂxoim%ﬁ%ﬁahé&'ﬂ%%% Im%m %ﬁt Omozqﬁve?secug?%%vf%ﬁm

publ i cati op s pubI cat 1 on-spec

i nf or mat i Oﬁll S t"L;n'%fgn alf é&f é‘(?”élﬁﬁ'gfgﬁf" %@P&S@g‘éh&wm@@m BiFpcidisgenambers A
col | abor at &= Vit thegight ﬁ@“’@ﬁ@;’ﬁar consists of the user's rat| ngs of a. nunber
of news items. It is used to correlate different users' interests for the

AR | e.b fits t
IF’)Yglr ﬁ?sesltr)] o 8{ maﬁg’%gf"u {?éhn}u’l%uerlmgﬁvec d"‘%’g‘g Igﬁgﬁ‘ﬁfﬁ}m&‘?’h’ény

e 3
parti % arg?)"tfﬁl | ca ‘6‘?1 PREFLOHESM b §WW%P’&@PWW¢O
mai nt ai n a%mﬁmswmwmmmmwmmmm kely to be nore
overl ap between the vectors of subscribers to the sane publ i cation than

bet ween t hgsewo w§% Redssnl Qrodlicd h Ca a ubl jcation
Emb . . k S8k, |ve ?@te%ﬁﬂé@@ as

Is likely resent ~its _users' é bora

part ctr; th%’v ue o Mf SVETERAE =05 TR | EMW@ the Prge ATyt ivaitably for
filte §1 WS PGr s are therefore al so maintai ned by the rel evant netpage
publication server. 35 Contact details, including nane, street address, ZIP

Code, st at B the Mg sheyem, we@&bﬂmﬁcaﬁw mrémpu@!tﬁe Q}Lr&gﬂle nBM—dﬂ%gﬂ% Slzeaopa pughrcaehon s
mai nt ai nedmﬂ%lemngqlpgts&% Il:- E%teoracommt the publication’s geographic coverage, the section’s

mdaslnp,ﬂmmuofmhrmdu’ssecﬂmedmmeachnadefsadvunsmgpmpomm. and each reader’s demographic.
30

Incompmisonwﬁmothgrmedia,menetpagesystmaﬂowsﬂ)cadvuﬁsingspaccwbedcﬁnedmmdmm

allows smaller pieces of it to be sold separately. It therefore allows it to be sold at closer to its tue value.

For example, the same advertising “slot” can be sold in varying propertions to several advertisers, with individual readers’
35  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.

40 Becanse personalization and localization ere handled automatically by netpage publication servers, an advertising
aggregator can provide arbitrarily hroad coverage of both geography and demographics. The subsequent disaggregation is



Presentation preferences, including those for quantities, dates an»]d‘r,ts'g\gr)'?'a[wi
are |likewi se global and maintained in the sane 40 way. 1 5 SEP 2004

01/ 89838 WO bt/g4d39/ 00517 - 28 The | ocalization of adverti si %.Ir %?510/” t he
locality indicated in the user's contact details, while the {arge ing of
advertising relies on personal information such as date of birth, gender,
marital status, income, profession, education, or qualitative derivatives
such as age range and i ncome range. 5 For those users who choose to reveal
personal information for advertising purposes, the information is

mai nt ai ned by the relevant netpage registration server. In the absence of
such information, advertising can be targgted on the basis of the

denogr aphi c associated with the user's 2IP or ZI P+4 Code. Each user, pen,

printer, apﬁﬁhmclaﬁnsen isfitaxhatictlBtis KR it KD bolstGAdchR for bb1isBSsSh SRGSH h&&sﬁ%&y&ﬁ%ﬁ%

|dent|f|erm re MR EG tion seryer. maintains

rel ati onshi %ﬁmbet V\%g‘g t heme“lvz‘;r;ngsuﬁl?gll iﬁ‘]‘&ﬁ ?f’hnﬁﬁpm%maﬁﬁ“dﬁf'mﬁ:ﬁ?’““‘
registrati8 °féP°§‘ﬁ%€Ff§F°"¢Yl°ﬁaS§FSa@a9pﬁF whuartisiopaggregator
provi der, %d“aﬂnpermw beemml wvegtisg @4 | peblisteisNbd Qifay plaf2] the gimie QBvertizRER il &QKPIS00
may be But p@hdaoRsl t 0 use any nunber of printers 802, and each printer may
al l ow any nunber of users to wuse it. Each user has a single default
printer (az( 6%‘: t o whi ch perl odi cal publications are delivered by default,
whi | st pagdd “i5" 1518 et P AR aPRPas PRLREMIcPOr mers comple ot plavtusnt ix the poblighaion’s
whi ch t he Wﬂ@mmbmqmmbhmsm&msmm&mmewmm 1&}@;5
a user has ofndgolsitrs Hedeeh de&ﬁsbﬂtadvhgmﬂghsﬁnlgﬁﬁ{ and pRtRihal afe pREL Gl 9,%2%,

dots nph reg QJQSMWW%I garticul a H‘B.BI nter, but |nstead reso

ID when it IS require 5 BFoos (hS IR BPRSR & pfpmated Bfiops of pdvegtisin

the publ i sA¥™% W@”’WW@‘@WNWMBW@WMW#mnmao
20 a speci o8 grhighly localiped giveristpengiser ' s default printer. This authorization
can be revoked at any time by the user. Each user may have several peas

801, but aoRePiadegen ser, Lig,a user is authorized to use
a partjgul argpél ntgt??%enn&ﬁ' prgg”%?gm?ecogtﬁl S WUTURAOTGPY PHES A negagn g
The per® | DT ik éﬂ*anf‘” Wlesment gy the Sloyant netpder publiostion servei. Mgk thy a
particul ar WM@“W@W@#@%’F yeesogalizgd publidatm, iBckONSreieitnd dowrtiktbidl froadhe A
Vb t er m nedped8@sesdn be aut horized to print on a particul ar netpage
printer, apgow ng,smomges and net page docunents cncountcred during Wb
browsing t e c en rinted on the nearest netpage printer. 30 The
net pa syg?gm cg’ﬂ‘"&'ﬁ’?’b@dﬁ gn behal f of a printer provider, flees and
conmi on¥be grschatiztione! newy spdathet hivlioasiops reliss idniagaituien Bﬁsepfpbdﬂic@dﬁ]@iﬁfoﬁﬂi&n, including:
provi der’ s- [peblitdtien cSstombativhs | NCome can i ncl ude advertising fees,
click-throughdgs mencQEer ce conmi ssions, and transaction fees. If the
printer is_ owned hy the user, then the user is the printer provider. Each
user also has & page account 820 which is used to accunul ate

m cr o- debi t FreEABopperes . (such as those described in 35 the preceding

par agrafph) The cowntizaitn of @ pukichiin S fyfically fiBlichtih- kil AEso e St R SSorARtmisel SRARERA vy
nunbers; ghoRdamReRESREE a0, | nCluding privacy, delivery and

Iocal i zation settl ngs; any nunber of bionetric records 817, containing the
user's encoded nature 818, fi nger print 819 etc; a handwr| ting nodel 819
aut omat i caf e3Pt H‘“EWW Wmag@apwm il o oodundiford? 1
Wit h whi chmm@mmamm&msmﬁwwﬁ%mm 4dnbniReh BAHE

user a0y mmvmwv&c, of,aymmmdnmh%e%ﬂiﬁi n‘i r%%a?ﬁe

etc. on thg:0&lNagS: %ugh H%I nta|
user's behal f lt I s organlz |er3rc é::g
embodi ment 51 ilation s toern tisp pigebs %MPA M-G%Mbhc@gmmwmmm

its users’ collaborative filtering vectors as part of the value of its brand, not to be fotmd elsewhere. Collaborstive filtering
vectors are therefore also maintsined by the relevant netpage publication server.

35

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

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



which is shown in the class diagramin Figure 41. 2.3.3 History lrr S 'Iiﬁ@
systemnmaintains a history list 929 on each user's behalf contai ni ,§9§E|P

to docunents etc. accessed by the user through the netpage system

organi zed" Q918838 t e- ordered 1ist, a preferred enbodi ment (PK:'MKIU{ml'GOSH shown
in the class 5 diagramin Figure 42. 2.4 | NTELUGEw PAGE LAYQUT The net page
publication server automatically lays out the pages of each user's

personal i zed publication on a section-by- section basis. Since nost
advertisenments are in the formof pre-formatted rectangles, they are placed
on the page before the editorial content. 10 The advertising ratio for a
section can be achieved with wildly varyi ng advertising-ratios on

i ndi vi dual pages WI thin the section, and®the ad | ayout algorithmexploits
this. The ﬁeqorr traﬁvconf ured to atteggtt, to co-locate closely tied
editorial “an vne?t FETREE EORER AL locdificdicpied iy heopseis capiast fiegpils, wblef thgreeting of
mat eri al sﬁmse@FW@mﬁm@mupubmmﬂomhemsmmt inéoms, Ppeofeksivh, eaifcidd, WF €
on do-it - yqudhsgied dhrivitivasfsich g afeP g ah he editorial content selected for

t he user, including text and associated i mages and graphics, is then laid
out acc‘grd*= ﬁo%o various aesthetic rules. The entire process, including
the select TPHROHFSCH AR ity 1 Fivsel emopst infomation for adertistse praoses e ffambation fnigtintied by the

i terated owewntntipagd regjsguion serve(ln e sbsenonof @ucl) Bibrmaticd, dtetRiRPén bOtrisd Qn Gk BSE bdihe

achi eve t hitmbimplic Ssofikab@chhSRGE 1100 .4 €oddl €f erence. The section size
preference can, however. be nmatched on average over tine, allow ng

significa d‘]%x to-day variations. 2.5 DOCUVENT FORVMAT Once the docunent is
| ai d out %‘Fh T RIEC "PPSRLioR PIOYider adrepripaion i lswigicd its pwrciuopine Bkngfieorvnd e oemge

on the %etlpﬂ’@'@lonmmn?&eﬁmon@m heweyn éd, iaCiheWhCy FigRe: A 2SM b 24, B registration
Separ at.i Onpufpbsed, MfublisEERE b HELiaSURR f appliSaribdpriaS] BEH pRbtitdbe] is &p%%iﬁn'dgﬂgﬁ'ﬂ%g

I nformati on shared between nmultiple users' ed| tions e spe

i nformati o COﬂ?@ sts of the page | ayout. The shared information consists
of the obj "a%% g ipies BR.gnd daghoprinietimayyalioweny ersmberyf agelsitc s
and pi eces“‘b*f-%%ﬁhﬁatﬂemdz@ﬁqpem(ac@tmuawmsp&md:dalypuﬁhwmht&dv&eexﬁdcﬁ:ﬂ@&ﬂ& Heed

in théﬁtmhlwwwmwdmwuaﬂ&s&% ?ﬂ,ttt,s‘“g ,,g;kytwggeet
Language ( “?&'\%ﬁ%ﬁ‘r&[rm ver te%% ormattllqﬂ%

i ndependent !y t e re %n In iC SPpPLifber ass nof gecard the I} g pry particyylar
this case |s be”F‘ts ety out The t ext obj ect cont ai ns enbedded
| anguage codes to enabl e automatrc transl ation. and enbedded hyphenat i on

'[”h nt Is Iit[@OG awriku2a0s mmmmmmhﬁaﬁmtﬁ 1B Blublishid sd6FRMDpLRARD f oggd%orm,g% in
e se e or j ec

encodes a H | %ﬁgpg abfm a%léc (“8’\7”’?% B B FIER v 2y

| ayout i tsbé sb“brpﬁmwﬁ%e ‘W‘ﬂt‘ﬁd&ﬁ“ﬁﬁ’a’g@w Be A piticelargiijie cthe that

| i nked temwmwwwmh whi ch text objects flow, hyperlinks and
i nput fields as descri bed above, and watermark regi ons These | ayout

obj ect's ar—ﬁle r@gm@%w&cgg%! e P tser b ayout uses. act f or mat
sui t abj w&ﬁ“@ ent distri utrg zfpog] utﬂ%rage ?‘g"“ﬁ@?ﬁﬁﬁe‘“m
I ayout Obj ect S ¥YE P 2004 WD 01/89838 -30 Layout Attr| but eFor mat of

AWebtunﬁmlsweanbe_mﬂmﬂzedtopdntmaparﬁcularmtpageprhmr, allowing Web pages and netpage
doctmtsmmnemddm'inchbbmwsiugmbeconvenienﬂypﬂntedonthenw'estnetpagepﬁntu.

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

- Eachumalsohasanemagcaccountmwhichisusedtoaccnmnlatcmimo-debitsandcmdils(mchasthosedesm"bedin
35  the preceding paragraph); contact details 815, including name, address and telephone numbers; global preferences §16,
including privacy, delivery and localization settings; any number of biometric records 817, containing the user’s encoded
signature 818, fingerprint 819 &tc; a handwriting model 819 auiomatically maintained by the system; and SET payment
card accoonts 821 with which e-commerce payments can be made.
232 Favorites List
40 A netpage user can maintain a list 922 of “favorites” - links to useful documents etc. on the netpage network. The list is
maintained by the system on the user’s behalf. It is organized as a hierarchy of folders 924, a preferred embodiment of



obj ectlinked object nagePosition nage object |DPEG 2000 G aphi cos|i §iSppIng;
raphi c object 1DVG extfiowextflow I D one ptional text object |DWI XSL
Hyper | i nky@®1/89888 Appl i cation I D, etc. Fieldype Wng ne at @cqR{dieigsi7ONe
PCTI AUOQ' 00517 2.6 Docune DtsreielLnuw As descri bed above, for purposes of
efficient distribution and persistent storage on the netpage network, a
user-specific page layout is separated fromthe shared objects to which it
refers. 5 When a subscribed publication is ready to be distributed, the

net page publication server allocates, with the help of the netpage ID
server 12, a unique ID for each page, page instance, docunent, and docunent
i nstance. The server conputes a set of opglm zed subsets of the shared
content and creates a multicast channel for each subset, and 10 then tags
each UM spetehfis sgovwin 2ot ttass\diagrdn it Hgurdvames of the nul ticast channel s which will

carry the ghgred gidf used by that |ayout. The server then pointcasts
each user's |layouts fo that user's printer via the appropriate page server,
and when éﬁ%ﬁi%ﬂ‘ﬁ‘@' ?sgéEBWFbe‘Fﬁ’fW’ fontaigiog knks | docutats g &hthe pagr

t he speci f fbehdisaspted systemalt is csganjzedee p daterrgglered 15t, pptinted eobbdimenent hichp O GnICha/dics
and pr it esisgrmlisEgda2s to the nulticast channels specified in the page

| ayouts. Degi ng the el ph&ast each page server and printer extracts from
the nmulticgst stregm;,those objects referred to by its page | ayouts. The

page server¥ " BRIURERE PR et fhp, pregs afcarh pergs izrdapbigation erddectitmayed
cont ent . Cpfetien basip Sinpetrpost afivartisements @jevrette foaml of priviorpiideetusgles, theyuat gldoedich the PREBfore

| ayout s r efhesdrklieentsgt | Nter re-creates the fully-popul ated | ayout and then
rasterqgges and prints it. 20 Under normal circunstances, the printer pints
pages fastﬁfaévhan th,e¥ can be deljvered. Assum gdg a quarter of each page is
covered w FRTE L0 10 2 PR P8 Ber et ™ih Jidiy veging advestising gndies op fdividualoregepwitin foe
print er caffeion@ddifesd layohglgefitimexpioite thisThofigodtBif is sanSfvred PALPEDt th (d-lcktScldsdy 1Rl Eitbrial
64VB nenor yud advkrisigictitnd Sith b R 6 Iy rdofiy @S Hhcficall] Whidhd b iRiiod ekalke 8f Al
rate of ONRaPAGRBSEursSIBER A epairs) NI S 1S equivalent to 400KB or about 3Mit of
page d@'a per second, which is simlar to the highest expected rate of page
data delivery over a broadband network. 25 1 5 SEP 2004 WO 01/89838

PCT/ AUOQ @5 tditorial content selected for the user, including text and associated images and graphics, is then lzid out according to

verious aesthetic rules,

The entire process, including the selection of ads and the selection of editorial content, mmst be iterated once the layout .
20  bas 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,

25 'Ihepﬁmarycfﬁciencymechanismist’nesepm_ﬁonofinformaﬁonspeciﬁctoasingleusa’sediﬁonmdinformaﬁon
shared between multiple nsers’ editions. The specific information consists of the page layout. The shared information
consists of the objects to which the page layout refers, including images, graphics, and pieces of text.

A text object contains fully-formatted text represented in the Extensible Markup Language (XML) using the Extensible

30  Stylesheet Language (XSL). XSL provides precise control over text formatting independently of the region into which the
text is being set, which in this case is being provided by the layout. The text object contains embedded language codes to
enable automatic transiation, and embedded hyphenation hints to aid with paragraph formatting.

An image object encodes an image in the JPEG 2000 wavelet-based compressed image format. A graphic object encodes a
35 2D graphic in Scalsble Vector Grephics (SVG) format.

The layout itself consists of a series of placed image and graphic objects, linked textflow objects throngh which text
objects flow, hyperlinks and input fields as described above, and watermark regions. These layout objects are summarized
In Table 3. The layout nses a compact format suitable for efficient distribution and storage.

40

Table 3 - netpags Iayout objects



-31 Even under abnormal circunstances, such as when the printer qugEPHﬁ&Of
paper, it is likely that the user will be able to replenish the paper
supply before the printer's 100-page internal storage capacity is exhausted
However, WP OLB83Brinter's internal nenory does fill up, theo/Abegsint er
wi Il be unable to nmake use of a nulticast when it 5 first occurs. The
net page publication server therefore allows printers to submt requests for
re-mu Iticasts. Wien a critical nunber of requests is received or a
ti meout occnmrs, the server re-nulticasts the correspondi ng shared objects.
Once a docunment is printed, a printer can produce an exact duplicate at any
time by retrieving its page layouts and contents fromthe rel evant page
server. 2.7 On- DEMAND DOCUMENTS 10 Wien dxhetpage docunent is requested on
demand, itrean bu? pgrsgga.(lijz,gd_anﬂ delivered_ in much the sane way as a
peri odi call :Bﬂ%ver sinc & e is ro sﬁﬂW@@fcoﬂtent, delivery is nmade
directly tlpo tfRecteqliesting printer wilt hdokedttiet usle of nulticast. Wien a
non-netpagEmﬂ@cunen okifionl €qUest ed o [emamd,—+t—s not personalized, and it
is delivered via a fes-grated—retpage—15_faormattiling server which reformats
it as a neftpage doclRERC*A et page fBERZPY ng sdrver is a special instance
of a net pa§@PPeibl i cfesn server. The fnetpage formatting server has
i Braphic e iD docunmerigyg ormats,—ncl udi ng Adobe's Portabl e

el e : age (HTM.). In the case of

' resolutionof the printed page to

HTML, it t he_hi gher

pr esent ¥O”R® nul ti-colum frormat, withla table of contents_ It
can autonptically [Cptdnaidsd objdet IFED P ' | i nked to the requested
page. The POsEhmcan e thi-s—behavior—va—a—20-gref erence. The netpage

formatting server npkes standard netgage behavior, including interactivity
and persi stence, av&PTable on any Internet docunent, no matter what its
origin and format. [Applcatde®, st loM edge of drfrerent docunment formats from
Rl PA0E Phjge er amd—thenetpage—page—sgrver, and hides know edge
of the netlpage systw servers 25 3 secyrity 3.1 CRYPTOGRAPHY
Cryptography is usefltd0'%rotect sensiftive inforngtion, both in storage and
prichent i cate partifes to a trgnsaction. 'Dune are two
cl asses of By T 1T W despred t- key cryptography and
publi c- ke rp-ography e—net page or k s both cl asses of '
crypt ography. 30 secret key cryptography, also referred to as symetric
cryptogra % us QeCUMENS DIERRUTIBY t 0 encrypt and decrypt a message. Two
parties w Afviesgbed doexbhmmges ITRfEGaY GRHvIES hndfpkdkifd: SrEARIR o RGHE _specific .
exchange 1ag 1866 & Sharktrom B RlakfonltEYr GLARLIQL aphy, al so referred k'teio%gsspmﬁc

asymmtg'ic crypt ography, uses two encryption keys. The two keys are 35
mat hematically related in such a way that any nessage encrypted using one
key can onBaubsrabed pieadon jsstesdy to e distghuted rtheloetyagQuiblicaton tebverstiodeay Sithi B Hefp@Rthe
publ i shed, netpinge fiesetvia @2, @ tulixpe IDi f6r odecB Rige, Pgk MsBth®, doch@r, BidRbcinBenkiSMendeS USEd tO
encrypt any nessage intended for the holder of the private key. Once

encrypt ed i e public ke a sage, can only be decrypted using the
priva %[ keggél&%us |l;t' o' sﬁéa%ffqug’éc%%%n‘%%ﬁ?gm%&%ﬁ@@ TrEdtices of pRgh ebstti and t
havi mt} 0 BRAEFITS T TRl lwput gy the tRges ofthe muiticast dhapipels Whish pilli cerat e sheexyl cinpntaed by €,
iPt b: s nck>r nibdt l2fcuk m%%mmb&;,ws mm{wmm&ﬁawhﬁo
ubl i c- keythepoinpistifgliofhipes 2R1R8s S Qtted Brbl & %ﬁ@iﬁ ! eﬁ.Aﬁ}%E Sointe
ol der Of AaBSeR b Bl kA 6 el B TR o i &gﬁﬁf*
server and printer extracts from the multicast streams those objects referred to by its page layouts. The page servers

15 persistently archive the received page layouts and shared content.

usSc. o CUI

Once 2 printer bas received all the objects to which its page layouts refer, the printer re-creates the fully-populated layout
and then rasterizes and prints it.

20  Under normal circomstances, the printer prints pages faster than they can be delivered. Assuming a quarter of each page is
covcmdwi&ximagcs.thcav:ragcpagehasasizeoflﬂsmanwOKB.'Ihep:mwrmnﬂimfmholdinmsoflOO such
Pages in its internal 64MB memory, allowing for temporary buffers ete. The printer prints at a rate of one page per second.
This is equivalent to 400KB or about 3Mbit of page data per second, which is similar to the highest expected rate of page
data delivery over 2 broadband network.

25 ‘



of a message and then encrypt the hash using the private key. Anyopgsﬁgqu
then verify that the encrypted hash constitutes the "signature" of*-t

hol der ofwblogssmngvate key with respect to that particul ar ﬁ’“ﬁi’
decrypting the encrypted hash wusing the public key and verifying e hash
agai nst the nessage. If the signature is appended to the nmessage, then the
reci pient of the nessage can verify both that the nessage is genui ne and
that it has not been altered in transit 5 To nmake public key cryptography
work, there has to be a way to distribute public keys which prevents

i npersonation- This-is normally done using certificates and certificate
authorities. A certificate authority is ajtrusted third party which

aut henti cates the connection between a public key and soneone's identity

_Tge certi Lﬁmhﬁﬂahﬁohﬁrdﬁmmjsﬁ&l%wﬁcﬁlﬁeﬂﬁh&%oﬁofa rttldltm mtﬁ@f bDGle to
identity il Gl ns_a J erti |cate

cont ai ni ngﬁgﬁﬁﬁ%ﬁ?’én S |E§ﬁ%| ty %gﬁﬁgf‘gﬁfﬁ%gaﬁd% xgk“@ Anyone who
trusts the certificate authority can use the public key in the certificate
with a hi gHowesrsdfthecrinér's dntermalaiemiry dde it upj tien ihs pripenwill BeumstENEyalkp L6 bf aRd@léeasd vihen it
verify § hatstdasrs.Cohé detphde pabliQtidd 3edves maﬁm 1 6t Q&ﬁesti%recrﬁﬁuusti il Leritical
authority, anggmqthr&mkgya Yell- known. Fﬂ 31’8 transaction

envi ronment.s I c- key cryp ograp y IS onky e Wd""{j‘f‘t al

si gnat ur esoé"ﬁd B‘H‘é‘ﬁg@%&“@%@@lmbkmgemtmm

cryptogr apPPyWoasiedﬂer@Ipaalsﬁvent her purposes. In the foll ow ng di scussion,
when referemce | OnDllaitRedMg@rssecure transm ssion of informati on between a

net pa pr . e what ually ha i.s that the printer
0t o i {paectee %ngﬁtcemtheegd Ul ot rdY Sty df amct e sl gy e
certificatB® Yy sincg Dere WWW“@*@NEW@E‘O feespaupstingtprter withottitfejupaf e

to exchang@lﬂa@%ecret sessi on key with the server, 20 and then uses t he
secret session key to encrypt the nessage data. A SeSSI on key,

definition I 1) I A g I ife ET PRI NTERS
SECURI TY Eggf\n Ee%‘?%%{fhp” nt?sler Pi@%d assl g eﬁ % mgmgt%nd ikl é"‘f‘d'eqr:?ﬁ

&P gPE Rt éa@amfwwww a walt%neppﬁam
and i n themnb@myewegpmawm@nzsmm@mbm&hmm:&m inGudiy Bldbes
and uni quqummectmhmtuFaSmt(fmj il HypeRExt Miiup 2 ZaghBEEATE PRUR LLLMAK it c‘ghmgggpd

IDis secrg;ma,g,d,sm&u [ is fi tered a

network %P'“g‘ ?nted co Lt&epwgmhoe ﬁguuefpag'ég]%?@%‘?‘ ‘F‘&F‘blt‘tg}éwcf‘?s}'tm
time m‘ﬁ’ﬁﬂ oo Wity pagss é“é‘t"'évs linkedfp &y Ataeted pagT Thec Ysprdesy rpethis [oebpvigrapiiar a
It tr mrrsf“m secret ID and the public key securely to the netpage

regi stration server. The server conpares the secret |D against the
printer's ggg o ed bty e nd. ac tsth regi.stration
if the IDs &ﬁﬁe | t then ?qu‘creat eget%%da%?‘gn%da em?':%ﬁ?’cate PESEB ARG Phe
printer's pu Frreaidogupent fomete e both e | n
the regi sWWH‘ﬂF&MMMﬁMWwW@&:MmM%W& as a

. certif?Tat® autBewrtyy for net page printers, since it has access to secret
informati ogq all tho verify printer identity. 35 Wen a user

subscri bes atlon g.record is created in the netpage
reglstratlohiﬁ}’\?er £ gens h‘% S"ﬂe"""fﬁﬁ? f ISR S o pthagticate pegties to a

publ i cat i oﬁ”‘f‘ﬁm‘t'h’é‘”&s’@r'“'g "d’é‘f‘a‘?fl FYPEERYY & wigesprmadsyse odt-kedl qoiplosripy andEpubliopkey
docunent serroaphy.Thoreprgt stwokiugs th Regef SPoyephy.i S addressed 'to a particul ar
use- &@B@ is signed by the publisher using the publ i sher's private signature

key. The [ he r tratlon d tabase at the
pu%l i sher [s a thotglgr?é’ed%)o % ilvei %ﬁ 'a"f“g’ﬁ“fnb Y RETB ‘Q‘l"’?ﬂ
user. The W? $P€§ﬁtﬁﬁ'éﬂ§¥'gwas=mw§m&ns%smm sher's pubI ic
key, obtained fromthe publisher's certificate stored in the registration
dat abftset Bublic-keFRyrddfaghy, A0 rédelbSQGS SsylRaekic Qéxggﬁtues nv%%m;]q;ti& Eﬁ@% ﬁ
regis i i ntJdn ri i.0 0 e
A ST A L A s
private. The public key is used to encrypt any message
intended for the holder of the private key. Once encrypted using the public key, 2 message can only be decrypted using the
mivmkey.?hsstwopmﬁammﬂyexchmgemmsageswimoutﬁ:sthavingwexchmgeamtkey.Tocnsurc
ﬂ:attheprivatekeyissecme,itisnomalfonheholderofﬂxepﬁvatekcytog:namtethekeypair.

40
Public-key cryptogaphycanbeusedtomadigimlsignml'heholdsroftheprivmkcymcrmaknowhash



are initiated via z pen registered to the printer. 3.3 NETPAre PEN15SETPZUUI|
SECrRrrr 5 Each netpage pen is assigned a unique identifier at tine o
manuf acture which is stored in read-only nmenory in the pen and in the
net page r%@i0B9%8i on server database. The pen | D 61 uni quepAteudosii es t he
pen on the netpage network. A netpage pen can "know' it nunber of netpage
printers, and a printer can 'know' a nunber of pens. A pen comruni cates
with a printer via a radio frequency signal whenever it is within range of
the printer. Once a pen and printer 10 are registered, they regularly
exchange session keys. Wenever the pen transmts digital irk to the
printer, the digital ink is always encrypted using the appropriate session
key. Digital ink is never transmtted i m®he dear. A pen stores a session
key for ev%ry rinter it knows, indexed by printer ID, and a printer stores
a session M@F”@M?%%‘hhﬂ“ﬂkhwwmwm%emtD.ithBatxt'ptddamsEccasduﬁEge
but fi ni t ethstsimus otthyteliiriofthd mivateS@ssithGupeey Hat paﬁt@aﬂ/&mkskgefbp&eg%ﬁnﬁ,sggsspimﬁg& 15
key on a Im%m@ﬂggﬁ&mmwgﬂg%%gaﬂ&d%. a @fﬂn cQmes wi't i
range of af’ﬁéﬁ?t% thecﬁ‘gven d printer discover whe hé ﬁde_ Feiiee e
other. Lf St o G pssagg \ﬁ’fég"gﬁh Brrapsaseiypenying 17d g dibispebeeg et intangs whet her
it is pposed to know the pen. This m ght be, for exanple, because the
pen bel ong%o iake prblisiey cryft@raphy whrk Ghefelh 16 Be £ Gy S @striblte pudfid 12YsShich prbveded) LaRber
S meant ! onidd b)) Gond iy Ubtincfi B beriticnt (80, 2% el L{m%%:g%k&ﬁhkﬂeﬁdt%ﬁgg@”ﬁ hich
pen registration %ocedure. | f the printer I'sin’ T Mmeant ( PIR Y
then it agiees w thoTITEopbevera s public ke andspmepne’s identicy. Theieertifisaimaupharityerifive the pamsouls
char gi ng clptiydy oxgpinipgidefidociments, pridttiemirass dfh gigns @ giisl ctrifidale BonRiBE BEPFEL's ibetity
addi {i th ccmui(zd it 151 AcfZpe WD SORR i o8 U Rlpulle Yoy X B AREE KN « w1
ey-exchan Yerthigy RGO [ A age regi.sifration server
dat abase afﬂb@lt:liirrewhof @%;&f,a%hu?%?ﬂ&h%%ggrﬁetggﬁ?gﬁcg@f‘gn, T‘#‘?‘é’%ﬁ@ﬁ‘ﬁﬂ’ﬁ?mts
pen ID to PRE™H ot wpickeyds weldmopmo by inter transmits the pen ID to the
net page regi stration server. The server generates a session key for the
printer ahdnogemnshationideirontit] fHIRE UdyetyprodripByis bhil Ssell SR S Yigtl¥es bR o) g;,ﬁdy
printers ! ool fatiiAfailh SR B0 Rkl HELPREDRE iR CNCTYPIE W L The

e S

pen's key-exchange key. The printer stores the s Ion key internally,

i ndexed by _the pen M and transmts the encrypted session key to the pen.
The pen st Biedolpvies dsmssioorherraforericy s mpd tal theysecurie trehestiesibn bfjinforigrion betweted nethdge priits
Al though amfl akeererpett scelly haffRBISMNBS Rinter oRERk thellerlel CccRiBAte! BflinBlfed! Wil TernQLORO! -

only a reajerBaR sfmdhy A8G Y Bibi §E§§' ey..transmtted by the prjnter.
When a'%cprevi Q\Ensu',%’.bggf eg%sg%éeﬂ?fﬂen |?9?1t$‘s%u?%ﬁ?‘s¥°§néedfsﬁet&fm§ng’?’w ndecsa
use untl Tt e PRICEE S0m Koy enPt te essafe ditte p sagsiqn . by Gfinitieny e brve syarbinardy ok v
al | oned t o= ysed to request and fi.ll in netpage user and pen registration
forns, to 32gi st ¥ewacePawmErSeturm35 t 0 whi ch the new pea is automatically

| i nked, or gdion prhueP S Wi BEA S lafP or R g Yibrdhdrd W b5 hosmurdaSe FAER USES, ;SECT ef - ke

rat her thaﬂ:&ﬁﬁﬁ&&zjﬁ% %crrgé?i,on Fritindeiak s avva:mr'e&b%ﬁfg?’?}da”h_ -only memory
constraints | e pen'.’é?“%. W%ﬁ@ﬂ%?@ﬂ@?ﬂﬁ@@%p@ﬁw
the deftd vePsmems wiet Be sered Mtreaet and s sed when fhe printessis Gt ehgistouizo Mg revibie  Net page
printer includes a 40 facility to print watermarks, but will only do so on
request frwhanid Blies BRkests Wt v notbirk i ; Tk i SREr i

I ndi cat es h;, o I‘Jt;l%_/lse&z?ﬂijarn%& g%ﬁy%‘?@?ﬁﬁ |c§tm, \Aﬁ'l'btl:lﬁprfvﬁ"é
printer is aE| e to authentlca e.% RSB S BB Y H BT AT 7 5T Brares the
The "wat er TEF R *5FY BE PG hiceedR Soqret i ita datalpse. aipdiseepty the ehgistiation i thet IDs matébn 1t then
speci f'ed criat ©f gy kéenifiay iconding fhe pringt’s golbliy & aBadbiie gRamrbBg end e fe CAIRER if the

m rror-i moggstwih @rabasd. K r egi ons whi ch coi nci de when printed. The dither
matrices used in odd and even pages' watermark regions are designed to
produce anjinterference effect when the regions are viewed together,

achi eved by POOR PRI TP GG S A S P fuhgrity Fob Refpage rinfaso sinot ft bas pocgsssio eeaptiiformation a
wat er mar k A™ipgite vefify piinger idoptityvi si bl e when | ooking at only one side of the
page; ¥#nd is | ost when the

When a user subscribes (o 2 publication, a record is created in the netpage registration server database authorizing the
publisher to print the publication to the usar’s default printer or 2 specified printer. Every document sent to a printer via a
page scrver is addressed to a particular user and is signed by the publisher using the publisher's private signature key. The
page server verifies, via the registration database, that the publisher is authorized to deliver the publication to the specified

40  user. The page server verifies the signature using the publisher’s public key, obtained from the publisher’s certificate
stored in the registration database. :




page is copied by normal neans. Pages of secure docunents cannot be C@ﬂﬁﬁﬂ
using the built-in netpage copy nechani sm described in Section 1.9 éb

10 Thi s exbaigsssg0 COpyi ng net pages on net page- aware phth&%z£@¥ﬁr ecur e
docunents are typically generated as part of e-comerce tr 9ry. They
can therefore include the user's photograph which was captured when the
user registered bionetric iinformation with the netpage registration
server, as described in Section 2. 15 Wien presented with a secure netpage
docunent, the recipient can verify its authenticity by requesting its
status in the wusual way. The unique ID of a secure docunent is only valid
for the lifetime of the docunent, and secay.e docunent IDs are allocated
non-conti guously to prevent their prediction by opportunistic forgers. A
secure docunent verification pen can be deveIoped with built-in feedback

on verifi cafly g%gg g te o of resen at | o docunent 20
verificati on egirdwoﬁel t e‘rﬁy%% Wat ﬁ’g %’QF’&TSH“’&‘F%
secure in PEAYERS @ By Erigter. They Si rrpl y prOV| de a SI gni fi cant

obst acl e té%asud‘lﬂA@%@ﬁwml i ne docunment verification, particularly
usi ng ﬁvemw&Imwmdxde@ﬁm@&%&ﬁyﬂﬂfsmﬁ%h Mﬁﬁs
needed, but, L&?%Jm mgantl nlg) %rﬁ eries. 25 3. ON
In the net page Sy orms su t da" f& ; AR P S AP ar ok | y to
forms handl ers and are persi stently archived on netpage page servers. It
i s t her ef oAerciprgp oeséaly o ’ba nunibed qmzeupigs plirers| @2 UChpridterC cafl €kroW'e b Yumber dF-pe@NiNRE C€
payments Wﬁﬁﬁnﬁ:&%ﬁhpﬁﬁwﬁyﬁ&

ity s MR A ey B B

| MPOS Sy e to repudi 4EECT||0NI
SECURE L ECT % g‘g B airns digitel me o te printen e digital ink
El ectronic ﬂ‘"ﬁ’ﬁ m%%mﬂwvmmmmstens SET,

havi ng been devel oped by MasterCard and Visa, is organl zed around paynent

cards, anda sﬁ:mstefsxai &dr BVdry :&h&n&v&ﬁﬂ&b@@ﬂ %Qm.% ew
ok k@ By s be|n used 35 | é?t&ew

systemis pad ! BeatiViRe nts
car dhoj erw an rrerc I?e ST W’%%%mgé%’?ﬁ forseson ¥5 T Y dne Lpision
i ssued &t "Eﬁ‘r’l’%‘ﬁ‘f"ﬁ?’hg their publi c si gnature keys The

certiflcate aut hori ty verifies a cardholder's registration details with the

card i ssuewm&peﬁ@ﬁés&ﬁtﬁ:h&h@ of Rfkte) Bk ol aBifSprither TRES Q%ﬂ&hémé%w%&%&hoﬁm%’e A TS
e| r

wth the aﬁgpudew ﬂ'EEEE ~aLdhol der d nmerc store
respective gaaxte Sl n ture eys securef"y’p"%?] &% PRy é’?f‘”

paynent  pr &&Fmem%wafmgéawemywmmmmmm
mer chagf aﬁ!ﬁ“@ahe@mﬂmmmmmgoCaMEm pringd ig'timedt i ot ke ped, theh @ aghiay/ i e pen

gat eway. 4Q@ndnfittnilas praiplaye in 220y APOPHEE nih Figiides o Rfilokdtn RECANS € cardhol der
mai nt enance of keys and certificates is considered burdensone. Interim

sol utions g?%ﬁh nai r;tghgi n cardhol der keys and certificates on a server and
gi ve the cardiBPidP Pt B, be pensonsias 2 seeykey-gghangs keg SISy PCRRRBOCY B9T5Fredis thy g

a passwor doTpsgresispiongirrendatsbaspeat et manufacture DurigiTigisP A/ b eD rinsmits hepein It @) Rinter,
syst en2§ he e die Parge wafgts Sit ped D BheSRPaf Sk gishiloS seirir. ﬁe%@?&m Jdaﬁnﬂ ?&ﬁag?xdclé
(i.e. the caLANOLdeiecdy myw&sg% D Ranes 15

€,SYys

uses bi ome{ Lics to aut henti C or| ze pay g"s"y

Because the Syst ¢ L SiEks S"”ﬁ" ex stores ”“"“mke!fm the pen’ID, and travsmits the
encryptcdsessmnkcytothcpen.Thepmstoresthemmonkeymmaﬂy,mduedbymepnnmm.

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

Whenapweviouslyumegismedpenisﬁ:strcgistcmd,itisoflinﬁtcduselmﬁlitislinkedtoauser.Aregistm'edbut"un-
owned“penisonlyallowedmbeusedmrequestandﬁﬂinnctpageuserandpenmgimaﬁonfoms.mrcgisternnewuser
35 towhich!h:newpmisautomaﬁcaﬂylinked,ortoaddanewpentoanmdsﬁngusm

The pen uses secrct-keyraxharﬁmnpublic-keyencrypﬁonbemseofhm'dwmperformanceconsmintsinth;pen.

4 SECURE DOCUMENTS

The netpage system supparts the delivery ofseq.m:‘docnmcntssudlastickets and coupons. The netpege printer includes a
40  facility to print watermarks, but will cnly do 50 on request from publishers who are suitably authorized. The publisher

indicates its authority to print wateymarks in its certificate, which the printer is able to authenticate.



based, the bionetric used is the user's on-line signature, consistigg fﬁ
ti me-varying pen position and pressure. A fingerprint bionetric can abfsH0
be used by designing a fingerprint sensor into the pen, although at a

hi gher cd¥@01/43888type of bionetric used only affects the peapivgoiosf; t he
bionetric, not the authorization aspects of the system 10 The frrst step
to being able to nake SET paynents is to register the user's bionetric with
t he netpage registration server. This is done in a controlled environnent,
for exanple a bank, where the bionetric can be captured at the sanme tine as
the wuser's identity is verified. The bionetric is captured and stored in
the registration database, linked to the user's record. The wuser's
photograph is also optionally captured an®-inked to the record. The SET
cardhol der_registration process is 15 conpleted, and the resulting private
si gnat ur e KREyVSEHBETK FFRLng grocess usesn altemtive ditbhr marix i gectiad ‘Maeset ra'glibﬁsdﬂmeﬁaﬁa Back-to-

paynment caMpummWSwﬁﬁ&@ﬁ{ﬁﬁkhcﬁmﬁb%%Wﬁﬁg%m@%Q of i 2 0
server eno fMgggonggmg&%m?ly supuse r‘%‘%’&#@f‘}%n pa mert

uansaet i on é‘ﬁ’g P er _eve 61‘| e T Bgegrery
paynment 'g’f/ Sheft ot page order form the 20 pri nt er

secur el transmts t he order |nfornation the pen ID and the bionetric data
to the netmmﬂﬁghﬁﬁwaﬂt@ﬁarﬁﬁ!&ﬁﬁﬁsnofmﬁk% iy f

respect tonthe, éﬂi]g?‘g j,fied by the pen I\E)ﬁﬁlagnd %ﬁ%%%p%mﬁsﬁos:%&%
user's proxy In cO ng the SET paynent transaction. 4.3 M CROPAYIVENTS
The net page system i ncI udes a nechani smfor mcro-paynents, to allowthe
user to bePsnisemiedounstschas fecpitOningihe Rl EpdR cipd echih QB EERESn P8 mbove.
denmand Gan dTisGEtenB D YopfEE te@iRMioh Rbhge AOELIIBRLSes. @D possi bly also to allow the
user to be reinbursed for expenses incurred in printing advertising

mat eri al . %ﬁhﬂeﬂloatter depends on the | evel of subsidy already provided to

t he user. n P HERR &8 PPIFER) BOEBfses fPEt of-coppeme trensactions. Ty o therefopCiothidé th Sser's
est abl i sher¥otodmpk Whichowps eapoited whemithe ez Beisyaed dioetric RABmbHEL With B nelhRe RiiMASon Berver, as

st at enent &easird hegube® basi s, and can settle any outstandi ng debit bal ance
usi ng fshe standard paynent nechanism The network account can be extended
to aggreg SUbSCI’IgtI on fees for periodicals, which would al so ot herw se
be present 50PFEURHED 3 %7 popageifacupet e cRripiens ein vl g authentisitohyavanesting &s status in the
TRANSACH 0 N$u2B%y\The priqee [saf p seceocrsie isanly mpagﬁe mfcumaofm&rdbdlmL &ld saﬂphdaﬁﬁﬁzlrﬁﬁ

cont ext, tdiﬂﬂﬁ:ﬂﬁ!ﬂnﬁ-@dnh@ﬂ:s]y&ﬁ%d&uﬁmﬁﬂk | %H§?ﬁ |

in the paggnbeSuga %;ﬁgm%ggmﬁth g&gﬁ I'S tag‘dpd':ug‘g ol
transagfion, D, and the “appl icatlon s Apreg I@?’t"é‘ﬁ‘l“'ﬁ%‘ﬁ"‘aﬁ"mﬂ
approprr at' Atext for the user's input \Wen |nput occurs through a page
whi ch is not user specific, however, the application nust use the user's
uni que | dem&ﬂigumeﬂ&ztw&m&&kak}lmsﬁfapmm&e sechire i P L) %QX.P}LY,%B

addi ng [ t%ﬁ%%ﬁg@em Sl vr rtua ppr ng

the ne Rl IFrRTrasBEEeT/ AUA0/ 00517 - 36

di vul §8d t¥° appl NeRFPEPIsTIONThi s is to prevent different application

provi der s mmwmmwwemadwe&deﬂmﬂo foftfs RddiiH A SOp AERAY bOLRN on
data. The ﬁe@p@&eﬂgghgmwyoe r}ugﬁ nt ains an anonynbus

65, a5 ShO Fgure%&rﬁ@%eﬁgﬂfﬁw‘é@%@ga% ety e TRgHe

with the “%egist FOMMERGRMODEY he net page page server asks the netpage
regi s3Pat i4h s er §&ouRre B E¢TRoNISTRasacIdNgSETS SOCi at ed application 11) 64,

t oget her Vimé fetphddRysteRQises |ﬂQ Sﬁ:%m EleBioRic M&n% Qrstgéas & 1@Ldyx?iasxt syRm.sSSEtl‘mempm
Smettede&J@l@peQw and@ga?l Iu(r:gg‘l;[.wlog und payment cards, and this is reflected in the termimology.

However, much of the system is independent of the type of accounts being nsed.

cart' pa ! Sygﬁfé t he %&?rhg Rrr va%%yomevert%f’h?%‘?user ”ﬁg"é?mfeﬁp?‘ﬁ%ﬁto

35 I sET, cardbolders aud merchants register with & certificate authority and are issued with certificates contaiming their
public signature keys. The certificate authority verifies s cardholder’s registration detajls with the card issuer as
gppropriate, and verifies a merchant’s registration details with the acquirer as appropriate. Cardholders and merchants
store their respective private signature keys securely on their computers. During the payment process, these certificates are
used to mutually anthenticate a merchant and cardholder, and to authenticate them both 1o the payment gateway.

40  SET has not yet been adopted widely, partly because cardholder maintenance of keys and certificates is considered
burdensome. Interim solutions which maintain cardholder keys and certificates on a server and gjve the cardholder access



The application maintains state i nformation indexed by alias ID, ahd SE 2004
able to retrieve user-specific state information 10 without know edge of

t he gl obalyg(dmegigst y of the user. The system al so nmai nt ai NSp&f, &[& dent
certificate and private signature key for each of a user's application
allowit to sign application transactions on behalf of the user using onI y
application-specific'information. To assist the systemin routing product
bar code (UPC) "hyperl.ink" activations. the systemrecords a favorite
application 15 on behalf of the user for any nunber of product types. Each
application is associated with an application provider, and the system

mai nt ai ns an account on behal f of each aggplication provider, to allow it
to credit and debit the provider for click through fees eta 20 An

appl i cat i orviagpsiorddave petvithgmesugesbl | sher of peri odi cal subscribed content.
The systemazecor dset®eusidLr 'S W | | i ngness. recei ve the subscrl bed

publication, @ cted frequen ublication, 4.5 RESQURCE
DESCRI PTI ONS A W%o%ﬁ?ﬁt “g?“A"%%‘?’errecF‘é%oﬁ%/ ﬁg’hf“gm‘l"%f“r"% g fpecardholder) in SET
descri pti orP" @ YELsH%yr am i s shown in Figure 40. Each document and content
obj ect fray be described by one or nobre resource descriptions 842. Resource

descrlptlomﬁ%sgémmj}ehmdga&gg@nm; ahp | S
desi gned tq, }%\Qhebio aLe di scﬂ%evewg\'po&mel ecltggonl C resourc‘:”Zﬂ;ints %g&e&% 7R pee
net adat a con % B B AU BTPR rﬁ“’f\?ﬁt‘ﬂgﬁéé’mé“dm A
Descri pti or@#ﬁﬁ?%’ﬁﬂﬁ"ﬂ& cERispe nsedbydesizning imsciwsiemiopinio tha peredithoughati bigher casi. THAtySe of
hol der s 92 (Gioméativasad eblpeiiges ey SpbufeitF 184 Hiotoatis, bot b duphortz5tRdBett & e oy i ght fees from
users #0 rights hol ders when users print copyright content 5 Conmuni cations

Prot ocol s nications ot ocol defines an ordered exchange of
messages bé‘tgcv\%e%@%ﬁ%g%m sﬁ%%’f'ﬁ)%‘é‘ A U D it nelpige FrRisationeever.

printers aﬁa‘sgéﬁgﬁﬁnﬁ'{*‘?@wts@tﬂwkﬂm mhee thyibismeiarhmbe capueed 8 e sk timeds fhe
handl e userﬂsqn@@h@cmmmmmmhampﬁ&ﬂmgﬁeﬁyﬁiﬁmﬁa&hbﬁmmwsmm
il ust(ria'; € GhseBY pildRYraphfis 3305@%@93 nghmrﬁmdlgﬁlwcﬁgﬁp E.lth rolg §| gt RS d t
is usedqgto £ W e vertjc nS| n |s use o
represeﬁt t % Egpﬁeeni %%NI s%ggéﬁtﬂg ‘P’E‘*:‘P

name of th PW“'%IME%& W%Wmemmm@wmmmnmmmmm

entity. Durriymeptidaactiop.ne an entity exists, the lifeline is shown as a
dashed I|i ne. II)uringthetirre an entityis active, the lifeline is shown as

a doubl e | e, Q nS|dere er do not create or

destro& entl ties, FH%EPJn S ghrgge’w%%nz"rmﬂgy %’5 orgen form (e

ceases=Po PR otTRpemits the oxderpfarmagiopy |the pop wﬁe@empwlﬂeu«mmmaﬁm

A preferr edﬂ\wtsm Yrebitmegic wih respdoge the Péridemifichbly ihe o YD, il @9 e oniads 5 BhO\MarsipRy in

Fi gure 43. cduphtiigit? sEDRGmM3=04:£89838 PCT/ AUOOD 00517 -37 A | arge nunber of

users may gubscrigy @R&%Mri odi cal pubI i cation. Each user's edition nay be
FEBYeE B

| ai d out different many users' editions will share common content
such as_te et RGPS PaYIFRE. 1 1% fp st Rersontenicptlyshapzed for mrintngol
t her ef 8Pe MW@PM&@GM widr forc¢opying Softydehi drehimedte] uad possitilynil@ris alidwathe nser to be
poi nt cast, rutiurseleibr atRfises SARIAE prEBIH BVAbsiYhBG STHY lader aedih b 1 RS of Jﬂﬁy already
applicati o%;,,d.gwﬁg’q;gl sher) first obtains a docunent ID 51 for each
docunent froman ID server 12. It then sends each docunent structure,
including its docunent |D and page descriptions, to the page server 10
responsi bl é"PFbe tspraceifise famerrmmsrce, A agiigk ol dscettebtishédIhich pggiegats mit@spaitiests. OWser
appl i c@0i onecéifes 6 4predneomsal g biy ing cal st anly Bufibdin it biGiod @ing W8 HandSi@ tpayafent
mul ti cast mk@akshancel nanes. It signs the nessage using its private
signature e ser sestheaajl ation ID and alias ID to
obt ai n froﬁ?ét/ﬁe rgaaﬁg%??aanﬁ’l o\r{lené%;é’v Cuil R R g éﬁ&ﬁﬂ?&“&sé’?‘“"l Yguiglse otherwise be
the form of individual statements.

4.4 TRANSACTIONS

35 When a user requests a netpage in a particular application context, the application is sble to embed a user-specific
transactionIDSSinthepagc.Subsequenttnwtﬂuoughﬂncpageistagged\ﬁmmeu'ansacﬁonn),andmeapplicaﬁanis
thereby able to establish an appropriate context for the user's input.

When input occurs through a page which is not user-specific, however, the application must use the user’s unigue identity
40 o establish a context. A typical example involves adding items from a pre-printed catalog page to the user's virtual
“shopping cart”. To protect the user’s privacy, however, the unique nser ID 60 known to the netpage system is not



the user's selected printer ID 62 (which nay be explicitly sel ected § §EP e
application, or nmay be the user's default printer), and the application's
certificate. is The application's certificate allows the page server to
verify tOGYEBIYe signature. The page server's request tecTEg00/00517
registration server fails if the application ID and alias ID don't
together.identify a subscription 808. The page server then allocates
docurent and page instance IN and forwards the page descriptions, including
page IDs 20 50, to the printer. It includes the relevant set of nulticast
channel nanmes for the printer to listen to. It then returns the newy
allocated page IDs to the application for future reference. Once the
application has distributed all of the ddBument structures to the
subscriberg' .selected printers via the relevant 25 page servers, it

nul ti cast saﬁl%F Wﬁﬁ’g'gs%%é"t‘g PBYenY ﬂ@“%@?@@%we@ﬁsﬁ%mvmnmmmﬁqmy
sel ect ed nisPuplatetdehayipraldate| s. Both page servers and printers nonitor to
appropriate nulticast channels and receive their required content objects.
They are e%: ggl » BoRu t he pr eV| ousl oi_ nt cast docent structures.
This al ow'i'slla ggn(s%erver%&fm‘gm%'tIl "Xaﬂ HES %5 A areliatimbisses,
and it “al |M’%@%Pﬁ%§ﬁ@&%@%%@mwammmmﬂmum
PROTOCOL 3% natpage prbceseaves eskethdregiigae giiratinh saa,errwwalelﬂakss@ﬁu ag.ﬁunem

shown in Fiegwya, e 0 A6 SR 1D & it HBmiBT tohe .m{i a netpage pen " he
pen communi cates the click to the nearest netpage p 601. The click

I dentifies_the page and a | ocation on the page. The printer already knows
the | D 61 DY *PliwHiosapinping it pfarmgtion indesest by aliss [ mudgy dhlee Biried Ssei4pe:ifg btk infémation
det er nithe swithpit nowlkdize BMS glotahigeniretrmwe nder. addr ess of 't he page server 10a

hand! i ng t 1 sy dldoGbkk@ihs 4 8BGendn) | i
c:(r:]heI |n19 tllggjtgﬁ&n qénﬁ_g:ﬁfentI%Hofﬁgra%ed&gmg%ﬁ]ﬁé]ﬁgg}s%%é&gagem%tmp?i%w&

t hen forwar s OWh "pr IDand click

| ocation to the page server. 40 The page server |oads the page description
5 identi fi Edssisiheshaemimgaio Bodardar dett GIPT) ‘Dpelitk hoiatidnk) R bysteth LRI E fafori% QPfEicath

i f arhB  tdadehalkif Gk uded 16 Syl nlmbed 3 fredRgest N€ rel evant input elenent is a
hyperlink el enent 844. the page server then obtains the 1 5 SEP 2004 WO
01/ 89838 E’%rf’e 0l 00517 -38. assom ated a ‘kdr;pl ication ID 64 and link I D 54,
and deter iR, s aferiatsf & aw@wmmmmmlb@aﬁsmwer

hosti ng tmmmumﬂloﬂimdﬁhmmwmmm&e&oﬁghﬂsmn ID 61 to obtain
the correspondi ng user 1D 60 fromthe registration server 11, and then Jr

al | oc S erlin ID52andbU|Idsah erlink
requegoe%%ngér lH g@#%ﬁg? E%sg%sfl ‘%‘5@%’&81‘ % SR PGt p@ASSWThe
hyper | i nk TEY §'f ‘% &%@?“%W%WWQWWSH and printer, and

i dentifiest he Besovrice Bedepprans amiCoPrstrance 862. The page server then sends
its own smw&mﬁb&ﬁnmidﬂ&&hm&apﬂ&cﬁﬁmmi&uﬁ@&nt elink ID to the
:BB: : cat : gid’dl%hﬁﬁggﬁgo th @g{ﬁg%&%{l sgonsdeﬂi ocurg‘?nt accor di ng toer
12. It then %@ﬁ“oé“twdﬁ% TR Yb&hf%@%a’g%f%@véwm@fmmmmm
docunent ' smetpdascgnitmpd tothe Werd Wils, Web CongertiumaW3QViRedourde Desciipfion Wle wRPRYE Server's

| D and t hea feyopes deicijod B iadsy 4 MT&QQ%%BW& 5 Eads; nk
request Iwnﬁ@mldﬂg@%% ﬂs bl Sonkely " ST Page serv%‘fﬁ&%lo obta%oﬂﬁif'tﬁ}l&eﬁoé

cor r espondi er P er I'D 62. The first page server rejects the
0 munlr.'aﬁ ?
reque |f the yper has expired or is for a different
appl i i commumcanuns Pprotocol deﬁnesanordemd exchange of messages between entities. In the netpage system, entities
such as pens, primters and servers utilise 2 set of defined protocols to cooperatively handle nser interaction with the
netpage system.

Each protocol is illustrated by way of a sequence diagram in which the horizontal dimension is used to represent message

35 flow and the vertical dimension is used to represent time. Each entity is represented by a rectangle containing the name of
thetityandaverﬁealcolmnnrepmsmﬁngthelifa]incofthecntity.Duringtheﬁmcantityexists,thelifclhcisshown
@8 a dashed line. During the ftime an entity is active, the lifeline is shown as a double line, Because the protocols
considesed here do not create or destroy entities, chﬁnesmgmeraﬂycutshcnassomasanmﬁlyoeamtoparﬁcipam
in a protocol.

40 &1 SUBSCRIPTION DELIVERY PROTOCOL
Ap’efmedunbodimemofasnbsmipﬁondaﬁmpmmm]isshowninﬁgmﬁ.



The second page server allocates docunent instance and page |Ds 50, 1/HeShPr2i&
the newly allocated page IDs to the application, adds the conplete
docunent @ oifgdgzg@Wn dat abase, and finally sends the page (rs]grg&ghgg_f to
the requesting .20 printer. The hyperlink instance nmay inc )

meani ngful transaction ID 55, in which case the first page server includes
the transaction IDin the nessage sent to the applicadon. This allows the,
application to establish a transaction-specific context for the hyperlink
activation. 25 If the hyperlink requires a user alias, ie. its "alias
required" attribute is set, then the first page server sends both the pen
ID 61 and the hyperlink's application {3764 to the registration server 11
to obtain not just the user ID corresponding to the pen ID but also the
alias I D 65 corresponding to the application ID and the user i ncl udes

M It
the alias kirdeRubideos FRE SBHQbscBe M a fefbalcd) SubBRfnl | - |
applicati ogﬂ%qm%s%@? user-specifi g‘]bcont e%ta{%s%?ﬁ%g%%% %utrlﬁmay but
activation. 30 5. \ mil Riﬂmﬁl':‘%ﬂ\lf‘ﬂ ENERRFE AR Imegpy iR, T suhscrigiion, detivery
stroke on EOR® PR dafivem doqupratsistyes tp ingividual pinterevie Roitesst bit lites shatef eonedt bl vik O
the neaPestmlfmstpage printer. The stroke identifies the page and a path on
the page. The printer forwards the pen ID 61, its ow printer 1D 62, the

page I D 50 strake th _to the page server 10 in the usual 35 way. The
page ser ve;rﬁl %a%smge'e}”ﬁ%%ﬁﬂte"?@ﬁ PRyt 1B S5 Ee et qorument g R seygd @ 14 o aed each
det er ni nes ARG IIcndRErderimegt ID and @ogs Srscriptions, @ thy pagt fwverdQ wphisible fit e dOMER's

Assumi ng t heelyratidcasdcDt It inehyplert its @deqRIRition B 63, thekbscribir®lakhs 8 &, mbt B reRAREtSE M kst
appendmth&a&hﬁ:ﬂ&&t&i&s&ﬂa%mgg%gigip@ag'ﬁ?ﬂa&gg' tal ink. 40 After a period of
i , 1

.

inactivity in the zone of the text fie e page server sends the pen ID
and the pending strokes to the 1 5 SEP 2004 WD 01/89835 PCT/ AU00/ 00517 -39
regi strat i O PRREFRE s the prplicationila and elies B t ehtein HRmaherresiyiasion sarver t corespanding user ID 60,

i dentifi estht hersrsioted pone 8 5 (which Gyt 1@ ekpliSityDRRot=dBCthe pRlfatbd) @r mid I8 fthe Suser’s default
accunul at eghinka ikl spdliRBloiRelefca822 t0 interpret the strokes as handwitten
text Gge it has converted the strokes to text, the registration server
returns the tent to the requesting page server. The page server appends the
text to th&*BREPaRR cefficats mllow the pags ferves) to esifyy the BesspgeSHaBiAT RDaRAERIGFS @ATEHthe
PROTOCOL Amgumtiongsrverfals if thp splication IPbnd aliwt ID 8ci’t o@elier ifidaely SdubsipGonistll €r sects is a
signature field 880, the page server 10 appends the stroke to the

signature 4. ' bl ank. After .a perjod of inactivity in the zone of
the sigoat rnggf%I e_gt e page séarn%/%afe_‘gsgﬁﬁéﬁi%g’ﬁw PP SesTTRTots Rk By
strok 160 PGP FETh s Ppltiest ghponglpamey for f prigigttd lisle o t al so sends
the application I D 64 associated with the formof which the signature field
is part, anm%ﬁmma#m%jc;ﬁp@m%g%gata content of the form
The registration server identifies the user corresponding to the pen, and
uses the uaner' S d%/narric si_gnature bionetric 818 to verify the strokes as
the user' s "<& g ARIEHoR hes GsRued all of fhe doument prruemurpsite the fubyyabeas selocted pristerseyitertrrlevisit on
ser vereis ke fypers ji piultiessts thovariuDsubstts af itk sigelobjedd i Ghetpmvibudlp Bllecthd/mldcROchGas, BSth
appl i cat i OpgSienes thd finfafs inbiiohdyG B nsdrickE dhanmbil ank R%euﬁﬁé?&myob}e&gm
generate amehl fistid bopdibed . LoLm. dat a. Jéisaaﬂod returns thetu%legluégl

@:@Wf ws the to le
si gnat ure t he [équesting pade server. The page server ‘assrgns
digital signat u;’rt%[hﬁ) #dﬁg fPgPrinfeys i ppnt s docurele:  he associ at ed foand s
status to PRozen HPERNAHVATION PRITE®Mt ur e i ncl udes the alias ID 65 of the
cor r espdndA pgfenrd embodifin of 2 Bypkrixikactatitd fiddca i sisFpueapt ure nul tiple users'
si gnat ur es.

Whmauscrclicksonanetpagewithanetpagepen,thepcncommuuicatesmeclicktomenemustnetpagepﬁnterﬁol.
'Iheclickidentiﬁesthcpageandalccaﬁononﬂ:epage.m]thra]:eadyknowsthamﬂ of the pen from the pen
connection protocol.

35
Tthninmrdmm:s,viatheDNS.menetworkaddrcssofﬂacpageserverl(}ahandlingﬂ:cpa:'ﬁcularpagemso.'lhe
addressmayah‘e&lybeinimcacheiftheuserhasrwmﬂyintcmctedwﬁﬂathcsamnpage.'lhcprinterﬁlmforwardsﬂm
penlD,ilsownprh:tsrlDGZ.thepagcmandcﬁcklocaﬁuntomepageserver.

40  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. Assnming the relevant input element is a hyperlink element 844, the page server then obtains the



20 5-5 FORM SUBM SSI ON PROTOCOL A preferred enbodi nent of a form sut/) é:lff?izﬁlg
protocol is shown in Figure 46. Form subm ssion occurs via a formh g] i
activation. It thus follows the protocol defined in Section 5.2, with sone
f oam spedY@PY3MWA%i tions. 25 In the case of a form hyperli mBCT/Ab®/doser | i nk
activation nmessage sent by the page server 10 to the application 71 al so
contains the formID 56 and the current data content of the formlIf the
formcontains any signature fields, then the application verifies each one
by extracting the alias 1D 65 associated with the correspondi ng digital
signature and obtaining the corresponding certificate fromthe
registration server 11. 30 5.6 COW SSI 024 PAVUEW PROTOCOL A preferred
enbodi nent of a conmi ssi on paynment pr ot ot 8" is shown in Fi gure 47. In an

e- CONMMer ce,&navild AL . coy Ssi ons bhe payable froman
appl i catiop &ov?tﬁ%%%%ﬁ%ﬁ%’eﬁ%ﬁ'%?ﬁﬁ% & BiveoT aress of the ppRipaton serypr
sal es. Conf*®EPpeligimfees and conmi ssi ons on commi ssi ons may al so be
payabl e from the publisher to the provider of the painter. 35 The

hyper | i nk 1neGLueSdrvet Rediite des m&SH b S odaid £ I ssi.on. credif. from
the target ﬂﬂggggggaho%gnﬁvi d rog%{éé%. . éérﬁe%g%ﬁf%ﬁo ?ﬁ%‘%‘%ﬁ’?’%‘e}l‘ and then
appl i cation provFder’ W%’"‘g Fawsti %F‘%,b"‘%{’ﬁdhi’%ﬁ%‘ S uThe dypartied eaest Fesh
provi der 78Eds shore i Bgure 4t The hypegiph reipuest frds MOIDT bfahe regueging useria frinta] dndibentifies the
recei ves t Hiskehypelikiialincs 550 Bsgage bdef el Binds RS WAL R BB ME kSRR, 1oN\Gs VRS T NK
is first agli.vphi@thn as described in Section 5.2. \Wen the tar get
application needs to credit the source application provider, it sends the 1
5 SEP 2004 WO 01/ 89838 PCTI AU00100517 -40 application provider credit to

t he ori'gi n&e Mphgyeon gweugs e respengedobnoent picdrdingtidrppingfipespteifin logit, @flubisihs 2ldRumsk 1D SPRGE
server uses IDhever Iy Pekd e tht Bhilto hd abdserval @ rbspobsibiBr BOMEEE I RRNY Mtk Pl
and sends foh@eGhiR B feqiodingd fge sdMer 16 bR YR WpediG WSyl | ON server 11  toget her

with the source application ID 64, its own server |ID 53, and the hyperlink
request I D_ The registration server credits the correspondi ng application
provi der' sTHCEGHREBSYe sads & Syperigk efupse B eridepplipgibd Bati denfinp rpepe i setet to Bowkrf thé he
appl i cHt i ommppeodivgies Mgttt ID 62 TRdist pagdi@vePrejetd (B regdésQV et fertink Eg.é&ﬁ@&ﬁ-eb@m
printer prayvi&RfenGdid t0 the original page server together wth the
hyperlink request I D. The page server uses the hyperlink request IDto

identify the printer, and sends the credit on to the relevant registration
server t ogB¥ Epndgegefeyes alioses decumpent iftancEpad pagyy s tSP,arttiuonths Bmycillocatsdoghpe Bs tdBe
cor r espondppiatior i € cqxiplow idsteenais RO daribdd, and Shally ¥Bnds Bk piz8 et ohsCa It Bhuesting
provi @ ismeptionally notified of the identity of the target application
provider, and the printer provider of the identity of the source
applicatiopn provider. 6. Netpage Pen Description 6.1 PEN MECHANI CS 15
Ref erring TS hymesdipl atangs may fpclore atmpeningfolfransentioreDa’5) ip witisls Fagnite Exet plage stref BEladaC e
numer al - 10ssattoeiDidldsmasafroumsh heaplidaion. Whif A16ws i apRicaidn tPestlidSlvab S ikRbkiEd dftex:
havi ng wal josmtQReeldivaiond an interior space 104 for nounting the pen
conpongnts. The pea top 105 is in operation rotatably nounted at one and
106 of the housing 102. A semni -transparent cover 107 is secured to the
opposit e eﬁ&‘@@%‘*ﬂg%%m‘si@gwﬁ@mh%@mmm&mmwmmm
pl astics, @rred hshybedinkieabplicationTDsidm the rEgsnSiPdse111 to obtain not just the user ID corresponding to the

pen ID but also the aliss ID 65 corresponding to the application ID and the user ID. It includes the alias ID in the message
sent to the application, allowing the application to establish a unser-specific context for the hyperlink activation.
30 53 HANDWRITING RECOGNITION PROTOCOL

thnauscrdraw;astmkconanetpagewithaneq)agepen,thepmoammxmieatesﬂzestmketnthcncarestneqmge
printnr.'l'hestokei&ntiﬁe;ﬂaepagemdapathonmepage.

'l'heprhterforwardstthenl])ﬁl,itsownprim:rm&,mepageDSOandsn'okcpathtomepagesu'verlﬁintheusual
35  way.

The page server loads the page description 5 identified by the page ID and determines which imput element’s zone 58, if
any, the stroke intersects. Assuming the relevant input element is a text field 878, the page server appends the stroke to the
text field"s digital ink.

40
Aﬁarapmiodofinacﬁvityin:hcmeofthetextﬁeld,ﬂxepagescrversendsﬂ:epenmmdthependingstmkcstothe



material in order to enable the user to view the status of the LE%NE%EE %E
within the housing 102. The cover 107 includes 20 a main part 109 I 0
subst ant iyah| rounds the end 108 of the housing 102 an j i ng
portion f?%”&ﬁ?%ﬁ projects back fromthe main part 109 aﬁgﬁ%ﬁﬁﬁhﬁﬁbhin a
corresponding slot 111 farnmed in the walls 103 of the housing 102. A radio
antenna 112 is nounted behind the projecting portion 110, within the
housi ng 102. Screw threads 113 surrounding an aperture 113A on the cover
107 are arranged to receive a netal end piece 114, including correspondi ng
screw threads 115. The netal end piece 114 is renpvable to enable ink
cartridge replacenent 25 Al so nounted wiidai.n the cover 107 is a hi-color
status LED 116 on a flex PCB 117. The antenna 112 is al so nounted on the

flex PCB mamﬁbhmntmmqﬂanantmmmm&edmatﬁa meus&%@tudttpeuﬂ &943; &
good al | - agtituiiaii Riokirdie mokli 822 8223t b OREL B h%ttt Rk @ﬁdﬁﬁmgﬁ

i nk pen ang"ﬁ% a. non markl glxl us. An |n pen_car 9
30 and a s E“Pg% Hr%W%%ﬁF@ﬁewmar%wWMWuq he
housi ng 10 mEi“tﬁH‘ér the ink cartridge nib 119 or the stylus nib 121 can be
brought5 f ossar d tSlerougveageiror rRotde of the met aI end piece 114, by

rotation ohﬂmﬁﬂ%‘tg&mﬁﬁ@e ﬁg&pg@ us] (%er g(:[%g o183 and 124 ar ea‘b‘l .

mounted to the jnk cartrl S

cam bar r el " 4"§’5§‘Bﬁﬂ° Fhe pen top 105 i n operation and arranged to
rotate therewith. The cambarrel 125 includes a cam126 in the formof a
sl ot withi n?&hﬁnwatiigﬁﬁﬁf:%fmﬂehﬁb& BHRRAEE Bl h 61 b tbggeﬂdntlg?s‘ %%4

pr oj ecf{g ng &{e%séu in the cam s

On rotation of %fh ncamu%grrgﬁgﬁ%%%g‘ﬁ gﬁ&%‘@?hcﬁfnofgé r”“hlﬂfzf""f’i‘r?\f/e'h‘mﬂ"

relative t8"&ge ?%‘F‘”t“h@“ﬁ@ﬁmﬁf%f&@@haﬂmtwwﬁl

out thr oqu‘!SﬁeWrmP@n&@zhﬂm 0 gseqtirtusdr's dymaohiqsignaee bidhibic BB ovefeie shitkks 48 &8 uley €€
states of ﬁpﬁﬁrﬁ@h@ﬂhaﬁﬁmﬁdﬂhﬂh@&m&hﬁ dg&ﬂn&%é&m&%ﬁ@& 15 6£RS userl D 80 b R

states arc,,,,eumﬂts Ka&BL L ub 119 _ou
40 Nei @5’% riridge 118 nib 11 ourlnnor S ?gm"ﬁbgﬁgﬁ'g’fﬁ%'g‘t}‘?‘g‘%EP
2004 VI8 017% %’f‘ CRFBSIUSs0PE Page ERITOTREPEST B PEIBS thodigitalisgnanys th heaignasrr an
el ect r oni cRldepisatsibaesspgged pnn’e batasitgfozapi t hi n t he housi ng 102. The second flex
PCB 129 nounts an infrared LED 131 for providing infrared radiation for
proj ecti onqyp LGS A2 IREE ;gpﬁ 132 1S rovr d nount ed .on

t he second f:aitgﬁll:é 1%1L?tig§°recel ving re gééltge rﬂan(sfh a ‘r?om o PR e
The second 1 &% 129 al so nounts a radio frequency ch| p 133, which
inclu a'r"rsRF tfmvaaﬁw receiver, and a controller chip 134 5 for
control i ngmw&fammﬂ.ﬁﬂmmmuﬁg&eh&ock 135 (forned from

nmoul ded clear plastics) sits within the cover 107 and projects an infrared
beam ont o lt,he %‘rface and ece ve es onto the imge sensor 132. Power
supply Wi res 5 CS%CH%ET WFF% "SRB‘H‘ fokipers ©eprofpral defingd,in Sgctipn f3gwith gome
battery cofffseedicadiionyhj ch are rmunted within the cambarrel W A term nal
138 ¢ ects to the battery cont acts 137 and the cambarrel 125. A three

Wth the bag oy oo sl 42 npleh ol o 57 A i 10 @ e il t??%wut
“the second %%f%e@%%%g 0 eﬂ%ﬁﬁ%?ﬁgﬁ g‘b%;t#ﬁ’é%wem

i nduct i on. TRy F29h| B MypeRecynE LPpPPQated i méﬁmﬂ.ﬂﬁamdmd
infrared pWWﬁMM@M@N&GEWM in the cambarrel 125
when €30 hesst he Sbishistion PRz ProftRoL | Nk cartridge 118 is used for witing,
in order tQ w]gg Lhe forcecbeing applied to the
surface by n| b&? orgspg{;'im8 ni ﬁ ‘Tﬁ‘T’ ?ﬂm"? hot odi ode 144
detects |i 3‘5‘1 3 Smipssion E‘M‘?c?%‘?‘“sﬁ"(‘rfét’mgﬁmﬂ““ﬁ%mre@i%w

t he sl i der SiBjtbyegehs. W@ﬂs CovirisFers brefees gndicunsios od ¢hinmisiehs dad Blselie@ayiilobting e d

t owar ds t hee mblished®fhe pividehembaising 102 to assist gripping the pen 101, and
top 13, also includes a clip 142 for clipping the pen 101 to a pocket

The hypexlink 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 (ie. publisher), and from the source application provider 70b to the
printer provider 72.

40 The target application receives the hyperlink request ID from the page server 10 when the hypertink is first activated, as
described in Section 5.2, When_tha target application needs to credit the source application provider, it sends the



62 PEN CONTROLLER The pen 101 is arranged to determne the position of _its
nib (stylus nib 121 or ink cartridge nib 119) by imaging, in the p¢) SEPZMG
infrared spectrum an area of the surface in the vicinity of the nub. It
records t ion data fromthe nearest location tag, and is arranged
to calculate the distance of the nib 121 or 119 from the ITSCAVYOEY
utilising optics 135 and controller chip. 134. The controller chip 134
calculates the orientation of the pen and the nib-to-tag distance fromthe
perspective distortion observed on the imged tag. 25 Uilising the RF
chip 133 and antenna 112 the pen 101 can transmt the digital ink data
(which is encrypted for security and packaged for efficient transm ssion)
to the conmputing system In Wen the pen, *) in range of a receiver, the
digital ink data is transmtted as it is tormed. Wen the pen 101 noves out

o o ﬁ‘é"r“*ué?s“"‘*‘%‘d??%‘% o el S1Eouglhds 't BBoBE Mgt Iy b v wcs e
S hyperlink ﬁmwm a@hma@ssidsthe credit on {o, the, relevant registration, seryer 11 ,
_+- A, .. 1together vA:h-&ie s&uds aﬁ:ﬁﬂﬂmﬂﬁl@& WOVR kérZD 886, anfl e E’W%@JS@WM%{Q

al so incl U ghgls thebodrddfolidide : gﬁl IP, T’éﬂ I C ncl udes an RF
circui t5 155 and RF resonators %”pl n uc?o}r \M&eﬁﬁh%t ‘i’%’ t he ant enna

112. The controlling processor 145 captures and decodes | ocation data from
tags from Epe @hﬁ%@%a@ﬁem&ﬁ@@mmﬂﬂm th® prifEe prbv@deScerdin ﬂie%ﬁﬁal page

hOefvetitdpetier iliththe IGHHRInk Rinist 1) 8hel fafdServel Ges
:ﬁgfﬂrgng%%@ 4&:&%:%% Cesor for %I?nl ﬁture Canéligméysté%%

TSansactions on El ectron “2%‘(90“‘“‘%? ch

i s i ncor pofPgtrRY® rR‘“HQ"?"@P%Fane) WI t h an IR fil ter com‘runr cation via

the rafl o transceiver 153. It is a medium perforrrance ( 40M—|z)

gener al - purfRGsfe Blpﬁ&cﬁ&ﬂﬁﬁéﬁ%mmn;%ﬁ&ro?&@m& % ?npfg%sc‘?wer
cur

conmponent s 1?;;}@ control |l er 153 and base

sensor mf‘ér cég%g lh%ﬁ"ﬁ‘/ PR and 512KB DRAM 148 are integrated
in a singl & conM ?'B?qeedr“‘wqﬁlnal og RF conponents (RF circuit 155 and RF
resonat or sé.&nd i PenMEcaargcs156) are provided in the separate RF chip. The

B8NS Riferrinf toFighrhds
Nt Susy ?Z . §‘°?2 .c‘%o%ffi‘g%e%%%an%%ﬁﬁ%. b RS Rl o

ra, KT NoBuba w?% &FQ‘%&SM??T‘P“&% W%@‘WW%W&
| T COD The's SRt fosmbinmpid 5.omcmi S6 e USSR scattatspardf do 10T iD@eured b 1B

i nacti vi tyowdwmdMopmoiﬁﬂ; 1025 THR Gbvet 107 GQbb BChiouMbal pihe ﬁ%s,an%li“oﬁ:ﬁ@ﬁonuennmspam
i ncor por at e ifledi & lufilne moni tor.s fhe sensor

phot odjepde. 144 a kes &%&t E’(%‘L contwh}'el er 1 vrﬁﬁ"m@ g@ﬁ“ﬁfﬁ%ﬁ%i’”&%&
on a pen- dbTiF &Y m?ﬁb‘ %?&eﬁﬂrfé\w’ebmmammmhewmmm
unl i censedb*KFOmithe misin put lﬁbwmmmsrbgdmzdbtdhm&mheﬂhl@msmmmmg 102, Aradm

al t er nat i veleyhailTe is iobiied/Behibd @S @Skng. p/EbZ11D, Rﬁhﬁh& h&kmg REISBR ihfeds€ 1 ANELIRE] G2

(1'SM bandy.gn I.on det ection to provr de
i nterferenge- f?e%%ggxm%%?dggg%mﬁn an zﬁ:‘g'er At % GPTFRRREDS 5% ipads 115

i ncor por at 8& 5 <FdRepet ‘e‘ﬂ%%@%ﬂkﬁ‘lﬂéﬁ’?}‘?% |nterface for short-range

25 corffuni cation with a base station or net page printer. In a further

enbor[:ll gentWﬂl@@@dvma&r%srmﬁfumkmg@%% 'ﬁ{égﬂﬁrl?ﬂ?%ls%%unﬁan
nount ed in pEPL1 TR axi ce net er s
are shown in Fi gur]es 9 an 8 I n gﬁgsg‘%?ll lﬁlsfff ‘I‘ﬁ@?m h of the

accel eroneters enabl es this enbodi nent of the pen 101 to-sense notion
Wi t hou3t0 r eTHe PR SREPeaty bath psfagermal marking ink pen and a5 2 non-marking stylus. An ink pen carridge 118 with nib 119

and a stylus 120 with stylos aib 12] are mount=d side by side within the housing 102. Either the ink cartridge nib 119 or
the stylus nib 12] 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
35  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 hes three states of operation. By turning the top 105 through 90° steps, the three states are:
+Stylus 120 nib 121 out;

*Ink cartridge 118 nfb 119 out; and
40  -Neither ink cartridge 118 nib 119 ont nor stylus 120 nib 121 out.




| ocation tags, allowing the location tags to be sanpled at a | ower na §EP 2001
Each location tag ID can then identify an object of interest rather than a
position urface. For exanple, if the object is a interface

i nput elgﬁgg?kﬁgﬁg a command button), then the tag ID o#ﬁggéh&V§%5&ion
tag within the area of the input clement can directly identify the input

el ement. 35 The accel eration neasured by the accel eroneters in each of the
x and y directions is integrated with respect to tinme to produce an

i nst ant aneous velocity and position. Since the starting position of the
stroke is not known, only relative positions within a stroke are

cal cul at ed. Although position integratiop accunulates errors in the sensed
accel eration, accelerometers typically have high resolution, and the 40
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usi ng dupl ean, ammwﬁgqatcycwnmtwhemmsnﬁ@@mm RPRE reBierSROY Durboller Ly} €5

tlﬁrglrjlgh tzﬁe du@gﬁ%r tﬁg eng |nes p@)déﬁsg %%ﬁ%‘%ﬁ%%%@é‘%a

sheet si bmmm B furice 2nd drcailies ipageninto thslitagel soigar 137 (Pewpr aupply wires
bi ndi ng aswmwtmﬁmmbmmﬂtﬂﬁmam@tmahm&gsmﬂdﬁ&nmmﬁﬁ%cﬂmed
sheet, all mm&nﬁnhlte.@coﬁ\d&%@e %&&mﬁﬁ&ﬁ'ﬂ@%bﬁﬂﬁﬁ% A"ﬂ@ﬂol?rg&?rﬁ:%ﬁ aage[glg

it. This cpf bo nent 61 , can ran
from o 1 stﬁ%'u? oqgever Pt’u g?utt@?ﬂ ?ﬁ“@ew*ﬂ’e BP"@WW‘E&FWI‘ﬂge
627, shown t*rt’c%ﬂ?g?d?eﬂﬂtlsweeepa o ghe Wipteny 139tvis Wbte%edccmdlﬂq:t PRI Mlgsmoniiag mfrared

bl adder s oEERHamidantered fondisih 4 ifon Gptebting Sifplabbhen: AR B4Rl 1B Whed R the HREGEY R the

yel | ow, bl & lenadeh i ifuked fofWhithd) i Srder [ 15ab B&%&a& 1l

filter in %E@%'e'ﬁm%“ 1ﬂg'nn uzgﬁlrglég%g ?rg er Interfac %%H%&ﬁm%er%%u%
638 inside t ‘{%)l n er Vi a O 8“““4\%"%‘%%”& TR KEL) 14] eria reflpqrops (pos ghowsy) poynisd
the print h&RFst ¥t % ngress of micro particles into the Menjet'c'
print hEads 350 V\/m ch m ght otherw se cl og the print head nozzles. By

the t i1t or mef“““ﬁ”‘“}fﬁ bt 5 bl g 08 8055 B0k 8025 101 fcf
cartridge |d§§13° : rp\éc f%:/rl éﬁﬁ“%g%@ﬁ[?tap?ﬂ“fh a capacity for printing and

gl ui ng 30082 page E'( %@P’-sﬁ'ieets) 20 Referring to Figure 12, the notorized
medi a pi ckThepenriol is eranges aierinyie ﬁa?;ﬁszﬁbﬂfbﬂ&&iibt@ﬂmmm&hﬁ?hrﬂdﬁ %Gﬁis)’byf tlbﬁle
gﬁg: 2x2e%la?\//§'g ri ﬁﬁﬁge assmﬁlgvl ogde%tm%lv%e&r}&"eli an _pri nfn entl %.es“%‘b‘z
and 603 are m)un N aﬁ"%%éf }Yﬁlﬁlﬁe&"?é!ﬁlféﬁt“}%q %WW&F&%@F@H&
the straight B‘&ﬁ@l‘“’%ﬁ? 13‘1’%“‘%1)@? oriegi@ign pistheipen il thatilptottigotistance Stompliei petspective:

engi ne 602diytion pisevpd ad the ipeized pi ck-up rollers 626. The position and size
of the paper 604 is sensed and full bleed printing comrences. Fixative is
print egh si gy, n the shortest possible 25 tine. ~..
" ‘ne paper exi ts&gﬁﬂﬁm m e'?i’j'A/‘{[')’rl’lg"n{oP AR Gt RS ik dary Fvhish & gRervpitd fprseRRte d
exit spi ke™AReEpd iy ?@Wﬁg#wmt paper path), which act

agai nst a rubberi zed roller. These spi ke wheel s -contact the wet pri nt ed

surf aceeggmg?wg?ﬂﬂ ofi@ﬁdutm&pﬂﬂﬁﬁ&m@fj&%shm% 04 es]&{nl&t
engi ne Diheelh an a asses from
the dugd exe rgﬁﬁt gﬂr@ nes 6 ﬁméﬁé t"ﬁd"%mﬁ'ﬁg‘rﬁ“égwyﬂeﬁ stk

printed page passes ‘Det veen” a powere“d spl’k"é“"‘\kﬁeé‘l"‘ﬁ‘f‘é“‘?a/u W th—=—fibrous
support roller and another novable W with spi ke wheels and a nonentary
action glue wheel, The novabl e axl e/ glue assenbly 673 is nmounted to a
metal support bracket and it is transported forward to interface with the
powered axle 670 via gears by action of a canshaft. A separate notor
powers this canshaft



35 The gl ue wheel assenbly 673 consists of a partially hollow axle fg% Enﬁh
a rotating coupling for the glue supply hose 641 fromthe ink cartti é 2004
627. This axle 679 connects to a glue wheel, which absorbs adhesive by

capi | | ar yWQdi88838t hr ough radi al hol es. A nol ded housi ng 6&?@3@@ s the
gl ue wheel, with an opening at the front. Pivoting side noldings an

sprung outer doors are attached to the netal bracket and hi nge out sideways
when lire rest of the assenbly 673 is thrust 40 forward. T is action
exposes the glue wheel through the front of the nolded housing 682_ Tension
springs close the assenbly and effectively cap the glue wheel during
periods of inactivity. 1 5 SEP 21J WO 0189838 PCT/ AUOQO' 00517 -44 As the
sheet 604 passes into the glue wheel assesply 673, adhesive is applied to
one vertical edge on the front side (apart fromthe first sheet of a
document ) 4% afetalse inchudedimisipdore it thelRIWhip 165 ehich BiEludel AKFREE@5S SR eoBD5: amd e

PRI NTER COnSgtanéckiRe Aeetdndab2 URE 5 The netpage printer controller consists
"of a controlling processor 750, a factory-installed or field-installed
network interface nodule 625, a radio transceiver (transceiver controller
753, basebdPfPoReplipg Aracessps 115 cqpmregind degides 198Hp dantbuRbgs G616 MO REicd Wb thé elge sBEH G501 S
756), ODal momiets atie o gascp pHOBGSIS Qls, CHRIE) HODESs ?ﬁ?iBldﬂﬁ)hﬁ@fﬁ,ﬁ d%#%ﬁ_@gi ne.
controll er%ﬁﬁ@gﬁ&qﬁmgggpmogikggg_ Igfanor.?(m.GS ang 0 , ds
iIIustrateq?i n Fi érse,l 10 The control [T hg ) Bt RERwgGeserat i on
with the netvor PR WEEHF SERPucqlf fratsee crpuplien £53 predeselinfd] cioui 4 Smage di@r
hel p but t oFf<B%T 15% 8#1k mehasy 147cmdiSIBKB IDRABY {4808 ihtkged G 30A6 condild ARE UG R
synchr oni z esepédags (ﬂ?&mﬁ&ﬁ&mﬂﬁﬂmmﬁ%iﬂmﬁqg@m&m@&@%w SriB0. It

consi si@ of a nedi um perfornmance general -purpose m crop ocessor. The
control li ng, Arocessor 750 communicates with the print engine controllers
760 via a hi"gRes& FEEH =AY rtl Lo ek 3 saspria pRfPedDB Matsyshits tretiogie CorproktiG) BRANE'S S
page descr Pbedinse naper bl K TaNpbusigin,iN0lesen e, Rigo@s %R0 DaGe s Rl Rk rixdrACEcD
print  englmg: Sedsidr Slidisore XREIAS", EEE B aSioA b ERGLRL Sovi ' s to it
associ at edyihtAncohlal G2 Ma{'&ramﬁh tio%g,q(l .e.é%r%g@éém pﬁ%’@‘éﬂﬁgﬁw

m nut The dupl exed pririt eng? ne co ollers print both sides of a sheet
si mul t aneously. The master print engine controller 760a controls the paper
transport Ftdontrelis AU $34icpthes usiRgrent ke ey iltol BRIl WBenl R Qe TS s Qt in ek BistPa
665 and t hexficalt Bafpofdesdy) Gedicdha Gt 15050 hich 2 ' nt.rol]er's flas
menory 658@0%&‘?34%%?9@%&0%130”‘ %%3‘%?‘%%@5@%&%@8”%%1%’? o5= gkl
as well as configuration a 'f'ﬁl%en'fbs“(?‘bcﬂ'i ed to main nmenory 657 at boot’
time. The processor 750, DSPs 757, and digital transceiver conponents
(tranR®i vBe rdmimetive comtbGeanth bassheand BIMEbiad $5Ally B3R 5 Graleldt BGRALEY | N

a single cmﬁﬁe&ﬂﬁﬁcw@.ﬁa}nﬁﬂnﬁg%@qzm& ircuit 755 and
resonat or s.aQ, M&%d%{é&yggz are provided in a gﬁﬁﬁ&%ﬁ“ﬁ%&%ﬂk
network interface nodul e 895 1 Ed APAE™si nce netpage printers now the
networ k connection to be factory-selected or field-selected. Flash nenory
658 and t hia 2 elEBfscrbodidiBhe PRANDGEESE th Sniles Da® i@l gD SeePick W sﬁ‘um}(n&e
cont r @8 er @mbEfkaith i va klSihr | eRakate ASICs. 30 A variety of networ

interface nodul es 625 are provided, each providing a netpage network

interface 75 nd_opti onal I%/ a_ |ocal conputer or network interface 752.
Net page nelf’vxé'f’ %W?‘E’?ﬂ’e’f"ﬂ 0L porhugesapair of etthgghaal BRCHREPTYeisT @mted iyt nirgkl flide efftheGeaa X
(11 FC) cablf&axfpEe trecleromEmp L o erel aomen in Fikes P @08 ghosaiitile| | t € transcei vers,
current and next-generation cellular telephone transceivers, and wreless

| ocal 3000pme Mbkidon bf BISEE qﬁg! shditerfaces include | EEE 1284 (paral |l el
port), IO%I;;@- gr:]d 1%%%3%-%@% ern%ﬁmﬁgﬁcﬁyl[ﬁéﬁ%ﬁ?@’{“%“ﬂé%m
(Firewire), andovarious &SP BEiRPestmisd #alatenmis Hubh foprtien gD e ther ifienBf amabject of

I nt ernet COFFEEES Srn 3 rositiop s thepiyface. Fn exaingie, K de abjecnie s veeriterfade it eleddt (b.§ G ddmmand
net wor k i mumnf,maehccarmlﬁemmmeﬁbn&gﬁ&bﬁhmmwm:candhacuyidenﬁfymeinpu:elm

35 'Ihcaocelemﬁonmeasm'edbymeaccclerometmmmhofmexandydi:ectionsisilmgnedwiﬂarcspecttotimeto
produce an instantaneous velocity and position.

Since the starting position of the stroke is not known, only relative posidons within a stroke ars calculated. Although
position integration accurmlates errors in the sensed acceleration, accelerometers typically have high resolution, and the
40 time duration of a stroke, over which errors accumnlate, is short.



network interface. The radio transceiver 753 conmunicates in the BISﬁﬁp@gd
900MHz band normally used by cordl ess tel ephones, or aIternativeIu'(/‘| '

unl i cens y4ékalg 1 ndustrial, scientific and nedical (IS uses
frequenc?fdﬂgppi ng and 40 collision detection to provi de%&&g@#&e-free
comuni sation. 1 5 SEP 2001 WD 01/89838 PCTI A1J00100517 _45 The printer
controller optimally incorporates an Infrared Data Association (IrDA)
interface for receiving data "squirted" from devices such as netpage
caneras. In an alternative enbodiment, the printer uses the IrDA interface
for short-range comunication with suitably configured netpage pens. 7.2.1
RASTERI ZATI ON AND PRI NTING 5 Once the majg.processor 750 has received and
verified the docunent's page | ayouts and page objects, it runs the

appropri at g. Rl Pnapideraitr DésclitRnDSPs 757. The DSPs 757 rasterize each page
descriptiopsand ¢g ﬁg&&&e rasteri zed page i mage. The main processor
stores eac conpressed page image in nenory. The sinplest way to

| oad- bal ané¥® "ﬂ%rWWF@tﬁ dereHuliperenbiadin Figive &1. & pids womes atletepaye.
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' £
controller nt, i ne er e.conpresse
page |rragef|n ﬁ Io!énﬁ'fﬁk ande mﬁ“&"% ar"%3 éﬁ%ﬁ‘d‘i"%&‘p W%ﬁ‘i“ﬂ??‘hg
pi pel i ne. SB5Ha ’é&*ﬂ%\ﬂ%@ﬁ%&nmm i3 sqfirpetes G iside e rinses via B bse639. This pro-

i npr actd catides Giesd air ® taprivkids :oe:miz&ﬂih@ws oF-ohicsy RakicIENDAKht ﬂerﬂ&'g'eprmdldmgﬁ} WHkh might

TENOrY. 7. Gkl bl NG M L, i

pi pel i ne oit_ﬁéuvg JBLeF e‘% e nt &Ler 76% %‘g’%fhgt th%?fgg?? spep%"‘?%ét
1394 seria M ert ace 9‘6‘1?“%%%@[3?’&“@5@% 4
Fax decodefinedaio peges(1i09 Seeishal ftones/ conpositor Unit 765, a customtag
encoder 766, a hue |oaderlfornostter unit 767. and a custominterface 768

to thegver ggingk & AV Nohe erat es
in a double bu? g%h%ﬁﬁg%ﬁ%ﬁg&%ﬁ%%a 1?% oaa%%&%aﬁﬁi%fn?%g Vira™ he
50 i gh SpBEAPEEAET of B riatactss i fe i MoHT: i Aoty odemie it orn
DRAM 769 arnging 48 3ud 503 mm@bﬂ m mmm-mmm cofigutibidldng the Pioighe bip&@ath. CRGRpet e
page hasI fxmﬂi&dagrzeﬂm wdef’ﬁ&iﬂzgmh& Ok IRt ﬁg%‘j Rt Rer
page i S | 0gd€Qensed %5 ol JhsRipel L ne expa

- 7PEG- res?ed conton%ﬁmg ayer, exper’fp ﬁm%fpgﬁ é%m g%15!”‘:'“'“‘‘m’“bl"
Fax-c%]rgeg?ed bi |evel black |ayerT and Waders (at 766) the bi -1 evel

net page t agpelperyreits the SuyNmiet] privt ankize G0Zufrofgh # svadf pBrediai spike dheeln (aBgaitaiony thelstrilght
all in par pddr g, mﬂwdwmﬁtmwwmwwﬁw%mw

and conposkiAs alalosbiode Jueyel black layer over t esul ting bi
| evel CWYK | ayer. The resul tant bl -1 eve 66]3C|Vh/K+I R dot data is buffered and
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The final ssbeabeecqs The prted f@s fHdset b&hﬂﬂﬂﬂw&uﬂﬁk@h&éﬁ)&@ovﬂﬁfaﬁﬁ&kw kel DGher

fixative) mlr@cma;mwwﬁgg o D52 Lol §1 1258 l38;
metalsuppeﬂbmcketandnmmsportedforwmﬂmmerfaccmﬂ:thepowaﬁaxkGTDmgmrsbyacnonofa
camshaﬁ.Asepamtemotorpowersﬂﬁscamsh‘ aft

35

The glue whee! assembly 673 consists of a partially hollow axle 679 with a rotating coupling for the giue supply hose 641
from the ink cartridge 627, This axle 679 connects 1o a glue wheel, which shsorbs adhesive by capillary action through
radial holes. A molded housing 682 surrounds the glue wheel, with an opening at the front. Pivoting side moldings and
sprung outer doors are attached to the metal brackethndﬁinge out sideways when the rest of the assembly 673 is thrust

40  forward. This action exposcs 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.



40 When several print engine controllers 760 are used in unison, fﬁgﬁ@§@
a dupl exed configuration, they we synchronized 1 5 S E P 2004 WO O 4
PCT/ AVOQ 00517 -46 via a shared |ine sync signal 770. Only one print engine
760, sel ov0@Usss3% t he external nmaster/slave pin 771, genergi@gudois;? | ne
sync signal 770 onto the shared line. The print engine controller 760
contains a | ow speed processor 772 for synchroni zi ng t.he page expansi on and
rendering 5 pipeline, configuring the printhead 350 via a | ow speed seri al
bus 773. and controlling the Stepper notors 675, 676. In the 8% versions
of the netpage printer, the two print engines each prints 30 Letter pages
per mnute along the long dinension of the page (11"), giving aline rate
of 8.8 kHz at 1600 dpi. In the 12" versiofis of the netpage printer, the two
print engines each prints 45 Letter pages per mnute along the short
di rension of the page (8W) giving a line rate of 10.2 10 kHz. These |ine
rates are ﬂﬁhclshéud)hb&wtnﬁl@thp wide] 4@ qm mbfﬁmcg rinthead,
- A Ehlnt nglﬁglﬁgp PPt n g

ntr

which in the ceeds
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conpl efged -pdglc&trg, e ht bl eed
each other gE%B%e pr |nm:§%§°hw§h§? re\c,\?nvr?ﬁrr‘ggfng 'ﬁggﬁ"?g%‘% Eﬁmbe
not requir &t t“”b’é”‘ﬁ‘ﬁﬁ@s 64 6quﬁgeenmwmmwwmta

pri nt head. eagipe W“Pllﬂsc"é% lteppmsists efuarmefigrs-pasformence pegerad burdostidrapdEesdor. T controlEfGticéion 9

conpr ess ed7spageenissieswit de@filt alginé BERLAERviSi 1R RS skl 64394 a print engine
for producing a page froma corrpressed form The print engine functionality

|ncIu t he e image, dithering the contone |aayer,
conposi t ing ?ﬁﬂb E@ %”%Wg‘t GRSTIRYPRS 12, e Defpags Finter's RADTessACHege fortobreEach print
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communi cat.h,ggum Q&F Note t%ﬁi t Siaa¥¥<§,’§!}r)rsust \Mll} ports and
not a sing eﬁgort to ensure ron ”I’Jfé‘sa&ﬁ't‘FFB#‘l‘t‘F‘E‘eYt“P%m
procedur e. ighcartridge QAchiv FHe flow of data to send a docunent from

con_put?é)r systemto pr| nted page. A docunent is received at 35 411 and

| oaded t O THE Brkey cdatetfiibr adh bdmi) 55 Bbis %&%M&%@%@M% % Zed'%gy

required o ded Pa? from menor are ras

413 and conpr esse%h%zlp r| or ?’i Y% on to the print engine
controller 410. Pages are received as corrpressed two-| ayer page inages
Wi t hi n t heTbppriogassorghly DARs 76 ardrdigitdl mwmwmbmﬂmyonm&fmmﬂé&mdmw

whi ch aﬂ"lgymaﬁtégnie&dx 4:0gi8 ciRfqie @m@qﬁ% eI ducusry
retrieve l; er to any COI’lt one ayer a
417. Any b.’sagékéImrl:c)’?I-i]'lﬁlacle'?/31 ll | IRi:r A T%"‘B""gé“o ﬁéé O B o R51R1ES ARt st
at 418 t og&t HEP™ coppectignt st P’eﬁil“t‘ﬂﬁ%d-a’{ﬂhmow T anttmPRHMbic GAMBIRRAIAL A

is printedShe M@Gﬂmmmcmgﬂuﬂmmﬁh&mkﬁammﬁ/ control l er takes the

conpressed page i mage and starts the page expansion and printing in

pi pel igpe A variety of network interface modules 625 are provided, each providing a netpage network interface 751 and optionally 3
local computer or network interface 752. Netpage network Internet interfaces include POTS modems, Hybrid Fiber-Coax
(HFC) cable modems, ISDN modems, DSL modems, satellite transceivers, current and next-generation cellular telephone
transceivers, and wireless local loop (WLL) transceivers. Local intsrfaces include JEEE 1284 (parallel port), 10Base-T
and 100Base-T Ethernet, USB and USB 2.0, IEEE 1304 (Firewire), and various emerging home networking interfaces. If

35 m]ntmnetconnccﬁonisavai]ableunﬂxelocalnetwork.thenﬂielocalnetworkintelfacecanbcusedasthcnetpagc
network interface.

The radio transceiver 753 commmmicates in the unlicensed 900MHz band normally nsed by cordless telephones, or
alternatively in the unlicensed 2.4GHz industrial, scientific and medical (ISM) band, and uses frequency hopping and
40  collision detection to provide interference-free commumication.
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wont i n @ tni T S EIee RO PfF‘fnﬁ‘%‘ art and a range of
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and System 09/ 112 (63AUTHO2Ci rcuit for Prot ectEang S /E\gar nst F‘Eﬂwg%
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Mash and RAM 09/ 112, 761AUTHOSMet hod for Maki ng a Chi p Tanper - Resi st ant

0911132923Awmm@eocsgoszsems§=mmkauwemdmaum fabtyed ol engiejc@EiRrs 760. Each pnnt engme
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091517, 608 ShEUREDrE® oL SRR BEBF ’”aﬁ&“éix‘é@e‘iﬁw CMYK+R page

091505, 147 ABBERPEBIM unebl e Aut hentication Protocol and System
09/ 505, 952 A1 2 Upranor EhaweiGoodvexdi f i cat i on of Values Stored in Fl ash Menory

TBA AUBHL3 The RyescaRiBich fd fillg Bl comtfidd 76 olRk@ opz% A b LAAD
Aut hent i Catu&lgﬂmg}l Pstamardl?l’l?gr Ot 65 Oﬁ& Pq\éerdecoipp& acustom Jsgj:fmpomhornmt?ﬁ'

2 custom tag encoder 766, a line loader/formatter unit 767, and a custom interface 768 to the Memjet™ printhead 350,

The print engirie controller 360 operates in a double buffered manner. While one page is loaded into DRAM 769 via the
30  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-leve] netpage tag layer according to the tag format

35  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-Ievel CMYK+IR dot data is buffered and
formatted (at 767) for printing on the Memjet™ printhead 350 via & set of line buffers. Most of these line buffers are
stored in the off-chip DRAM. The final stage prints the six channels of bi-level dot data (including fixative) to the
Memjet™ printhead 350 via the printhead interface 768.

40 -

‘When several print engine controllers 760 are used m unison, such as in 2 duplexed configuration, they are synchronized
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resol ution. The hi ghest supported resolution is 1600

InF’:gum48isseenthcﬂowofdatatosendadocumemﬁ'omcomputcrsysmmtoprinwdpage. A document is received at
35 411 and loaded 1o memory buffer 412 wherein Page layouts may be effected and any required objects might be added.
Pages from memory 412 are rasterized at 413 and compressed at4l4priorto transmission to the print engine controller
410. Pages are received as compressed two-layer page images within the print engine controiler 410 into a memory buffer
415, from which they are fed to a page expander 416 whersin page images are retrieved. Any requisite dither might be
applied to any contone layer at 417. Any black bi-level layer might be composited over the contone layer at 418 together
40  with any infrared tags at 419, The composited page data is printed at 420 to produce page 421.
Thcpaintginelcontmllertakesthcwmprmedpagcimagcmdsmthepageexpans@onmdpﬂnﬁngin pipeline
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speed 35  dpi,ie. the printer's full dot resolution. The contone layer consists of a bitmap containing a 32-bit CMYK color for each
‘pixel, where K is optional. This contone image has a resolution which is an integer factor of the printer’s dot resolution.
The highest supported resolution is 320 ppi over 12 inches for a single PEC, ie. one-fifth the printers dot rescjution. For
higher contone resolutions multiple PECs are required, with sach PEC producing an strip of the output page. The contone
resolution is also typically an integer factor of the black bi-level resolution, to simplify calculations in the RIPs. This is

40  not a requirement, however. The black bi-level layer and the contone layer are both in compressad form for efficient

storage in the printer’s internal memory.
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merger unit, such as unit 458, each with 6-inputs. The single output
fromeach dot nmerger unit is a combination of any 25 or all of thd 3 ﬁ%’ 004
bits. Thiwoaikass the spot color to be placed in any out py C'ﬁ%‘]@r g ane
(including infrared for testing purposes), black to be merge (10t° cyan,
magenta and yellow (if no black ink is present in the printhead), and tag
dot data to be placed in a visible plane- A fixative color plane can al so
be readily generated. The dot reorg unit- CORU) 459 is responsible for
taki ng the generated dot streamfor a given color plane and organizing it
into 32-bit quantities so that the output is in segnment order, and in dot
order within segnments. Mnimal reorderingqiLs required due to the fact that
dots for 30 overlapping segnents are not generated in segnent order. Two
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A 32-bit value made up fromthe 16 odd bits of register B (bits 1, 3, ?%’@I]k
etc.) and the 16 bits of register C. The bits of register Cform bItS

15, while the odd bits fromregister B fombits 16-31. The state machine
for the DRYOLEM3IBe seen in Table 1. It starts in state 0. PomobRR@SS State
every 32 cycles. During the 32 cycles a single noOverlap bit collects the
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_ Inerger unit, such as unit 458, each with 6-inputs. The single output bit from each dot Ierger uait is a combination of any
25 orallof the input bits. This allows the spot color to be placed in any output color plane (including infrared for testing
ptuposes).hlacktobemergedintocym.magentaandye!low(ifnoblackmkispresmtinthepﬁnﬂ:cad),andtagdotdm
to be placed in a visible plane. Aﬁxarivecolorp]anecanalsobcmdi]ygcncmmd.'lhedotmgmitCDRU)ﬁQis
mponsibleforta]:ingd:zgenemteddotsnumforagivmcolorplancandorguﬁzingizinto32-birqtmnﬁﬁessoﬂmtthc
onfput is in segment order, amd in dot order within segments. Minimal reordering is required due to the fact that dots for
30  overlapping segments are not generated in segment order.
Two control bits are provided to the scale units by the margin unit 457: advance dot and advance line. The advance dot
bitaﬂowsthsstatemachmetogencraxemﬂﬁpleinstanmofmesamedotdata(useﬁﬂfofpagemrginsandmﬁngdot
data for overlapping segments in the Memjet printhead). The advance line bit allows the state machine to control when a
particular line of dots has been finished, thereby allowing truncation of data according to printer margins. It also saves the
35 scale unit from requiring special end-of-line logic,
The comparator unit contains a simple 8-bit * "greater-than-or-equal” comparator. It is used to determine whether the 8-bit
contone valus is greater than or equal to the B-bit dither matrix value. As such, the comparator unit takes two 8-bit inputs
and produces a single 1-bit outpur.
In FIG. 53 is seen more detail of the dot merger nnit. It provides a means of mapping the bi-level dithered data, the spotl
40 color, and the tag data to cutput inks in the actual printhead. Each dot merger unit takes 6 1-bit inputs and produces a
single bit cutput that represents the output dot for that color plane. The output bit at 460 is 2 combination of any or all of




m d page wi dthl6-bit integerWdth of target page, in dots. arget pag]a5 SEP 2004
hei ght6-bit integer'ght of target page, in dots. left marginl6-bit

i nt egeri awb opog3er get left margin, in dots. arget top mar cnrmu idos17

i nteger' ght of target top margin, in dots. flagsl6-bit |nteger|

specifics whether to generate tags for page (0 = no, | yes). it 1
specifies the tag orientation (0 '"t, | = landscape) it 2 speci fi es whet her
the fixed tag data be redundantly encoded by PEC or tty used (O=directly
use, 1= encode). Bit 3 specifies whether the variable tag data should be
redundant |y encoded by PEC or directly used (O=directly use, | = encode).
The remaining bits are reserved fted ng def-al28-bit integerThis is only
valid if the generate tags flag is set (bit 0 of tag flags). bit 1 of tag

fla C ke zpyt bitsh s Libwes the GpbEIIO b1 i0dny bitpeeBiod e Gt GRBE
dEdngI ;(Zd dﬁ&&: be%ejmt@%mﬁimﬁ tal n t%gjtf;m bthg‘pémel owg g ﬁ%%%j

01/ 89838 %lgmf ABICI?’ Its con unenco
be encoded PRESPF pEe W@W@%Wyé’ﬁéﬁ“mbyﬁFﬁb%%’éﬁmw@ Toet
i nt egert al @‘F&B@Bﬂdlwm%ﬂ@kkm%lmmsmw @mask graifpCthe 6‘mohmtmrhf(wuﬁ¢t

be 1 ord gr iatieAyDed Witthe cpegindid QbR irfisth bt GEEEd rlubin @il K oA B mc{(rQ
pi xel s. | agky lLhe| ght 16-bit integerei ght of black page, in blrack pi xe s.

atone col Oh%ﬁa%’em bit integerthe nunber of contone JPEG Typically 3 or 4
f or vs Tcort DribTeendtedptacore it GRYE whichis reaensibe fog akieg thecgenersed dot Sreamciona eimecolor
channel | mmmmlbmézgeqummmmmwmmsemtlmrmmwmmmmm
page w dt Elﬁnﬂmﬁorﬁcﬁig?gaﬁk%dielb @Jfac@ﬁilh&?&o%%mgde&mﬁ@ﬂé&&@ﬂmﬁ&%% eﬂhf
age ope Scal e
Fagt omgbbiﬁcg%ﬂe%gga ‘t@act of‘g{r?%%rémg{ oneg':éﬂgrln “33“‘?8381‘ %m%ﬁpst“aw
target reso ﬁ"ﬁgg ‘g[’f WWWWW%M&W
i nt egerWdfl‘hDB‘F”m%héﬂpdghewm cont one2 pi xel s.

In FIG, 54regnste1(A)4§21sclockedevuy cycie. It contains the 32 most recent dots produced by the dot merger umit

(DMU). The full 32-bit value is copied lo register(B) 463 every 32 cycles by means of a WritzEnable signal produced by
15 the DRU state machine 464 via a simple 5-bit counter. The 16 odd bits (its 1, 3, 5, 7 etc.) from register(B) 463 are

copied to register(C) 465 with the same WriteEnable pulse. A 32-bit multiplexor 466 then selects between the following 3

cutputs based upon 2 bits from the state machine:

*  The full 32 bits from register B

* A 32-bit value made up from the 16 even bits of register A (bits 0, 2, 4, 6 etc.) and the 16 even bits of register B. The
.20 16 even bits from register A form bits 0 to 15, while the 16 even bits from register B form bits 16-31. :

> A32-bit value made up from the 16 odd bits of register B (bits 1, 3, 5, 7 etc.) and the 16 bits of register C. The bits of

register C form bits 0 to 15, while the odd bits from register B form bits 16-31,

'IhestatemchinefmtheDRUmbeseminTableI.Itstartsinstaxeo.Itd:angcsstateev:ryBchclcs.Dmingmcn

cycles a single noOverlap bit collects the AND of all the dor advance bits for those 32 cycles (noOverlap = dot advance
25 for cycle 0, and noOverlap = naOverlap AND dot advance for cycles 1 to 31).

Table 1. State machine for DRU

state NoOverlap Output output Valid Comment [Next state
0 X 0 Startup state 1
1 1 FB 1 gular non-overiap 1
1 0 'B _ 1 A contains first overlap 2
2 X Even A, even 1 A contains second overlap 3
B contains first overlap
3 X C, odd B 1 IC contains first overlap 1
contains second overlap

The margin unit (M1J) 457, in FIG. 32, is responsible for huming advance dot and advance line signals from the dither
30 Taatrix access unit (DMAU) 448 into general control signals based on the page margins of the curent page. It is also
responsible for generating the end of page condition. The MU keeps a counter of dot and line across the page. Both are
set to O at the beginning of the page. The dot counter is advanced by 1 each time the MU receives a dor advance signal
from the DMAU. When the MU receives a line advance signal from the DMAU, the line counter is incremented and the



tone2 page height16-bit integerHeight of contonc page, in contone2 pi ’SeﬂE”?'Zﬂﬂl.
ntone3 scal e factorl16-bit integerScale factor fromcontone channel 3
resolu- ion to target resolution (nust be 1 or greater) tone3 page

wi dt h16- BYQ 0V$#838er W dt h of contone page, in contone3 pi x@CI/AtEARSIPAgE
hei ght 16bit integerfight of contone page, in contone3 pixels. tone4 scale
factor16-bit integercase factor from contone channel 4 resolu- on to target
resolution (nmust be |I or greater) ned4 page w dth6-bit integerWdth of
contone page, in cantone4 pixels. ntdneA page ge height16-bit integerght of
contone page, in contone4 pixels. Me page header contains a signo n re and
version which allow the print engine to identify the page header format |f
the signature and/or version are m ssing®r inconpatible with the pnt

engi ne, thgopmtlmge. rint engine can reject the page. The contone col or space
defines how frany “cofit'8ife Hray¥esDs frared e ot Theompaptl ¢abt pargins of he ghagk.cand
def i ni ng WWEPHREF ouiiybdobadeanrrt kne adviras @ witldn reaivin Genal GhdYiSen thire opB@endfad eh DMAU
defines t hentisu@loily inbmlGenidly 2QuiRhentsie wk EGEt page. The bl ack and contone
| ayers are clipped to the target page if necessary. This happens whenever
the bl gck or ﬁgnrllg%r%e scale factors are not factors of the target page
width o hgﬁ"ﬁ D Do dmplisity, defingd iy elation ¢p theomsintaler Rz peea. rech iprge desduietiop drsothplerant gelfof
t he tar getcopzigd Thege isinp dutasiveed pparatelyciivinahepayg Ges@ipida to whidipthé g deatrasBiel Spishae T Y
whet her  or onfditer Mi@{cRAgReg sBERreS BB Hrelf bk Q ' d,.what
orientatiog,the tags 10 should be producglg’%gﬁhe%eﬁgr?sd‘g%:ng%%ﬁ%rem or°{?§?°fﬂpag°
node). The fixed tag data is al so provided. The black | ayer paraneters
define the pixel size of the bi-level black layer, and its integer scale
fact oriG o Toneage descgption couseoif o pigohradeTigchaieseribertad sy £ reRMHGH e 6 pige, dbbed 8y bl

pi xel si zemwd papdsnls afich bddQiE Gddcmd f4pt @Rk ayers and their integer scale

factor to alUti on able 3 shows the format of the page band
header. 1 %ﬂgééﬂfgg%%iﬁfﬁﬁ%?ﬁge Tabl e 3. Page band header format,

~i gnat ur e FAbleZ{Pgesbpader fgmmatr i pti on Version 3trucnre size 3lack band hei ght

Bl ack banddara ST FONT OMer DREL{TeTUiTt Ot opgegignd —date—sj ze di th-
Matri X selgtorep—band—si-zeprianbagddatasize 1o-bit intgger 16-bit
i nt eger - _ 16-bit er [Page beader format signature,

Version 16-bit nteger  |Page header format version number,

size 16-bit integer  [Size of page header.
parget resolutio:.x (dpi) 16-bit integer  [Resolution of target page. This is always
_ 600 for the present printer.

rarget page width 16-bit integer  [Width of target page, in dots.

karget page height 16-bit integer  [Height of target page, in dots.

kerget left margin 16-bit integer  [Width of target left margin, im dofs.

farget top margin 16-bit integer ight of target top margin, in dots.

kag flags ) _ |16-bit integer  [Bit 0 specifics whether to generale tags for

be redimdantly encoded by PEC or
tly used (O=directly use, 1 = encods).
it 3 specifics whether the variable tag data
uld be redundantly encoded by PEC or
tly used (O=directly use, 1 = encode).
The remaining bits ars reserved.

[fixed tag data 128-bit integer [This is only valid if the generate tags flag is
set (bit O of tag flags).

If bit 1 of tag Dags is clear, then the lower
120 bits of fixed tag data contain the pre-

ded fixed data,
Fbitloftagﬂagxissct,thmﬂmlowcrdﬂ




Page band header format signature.
ver si on nunber.

Pize of pgeR1RH3§ header.

PCT/ AUDQ 00517 page band header fbrfEP 2001
I nteger 16-bit integer P2-bit integer 16-bit integer

rei ght of black band, in black ?ﬁﬂ@@)’(@#@e of

16-bit

bl ack band data, in bytes. Height of contone band, in con

32-bit innteger P2-bit integer 42-bit integer Size of contone band data, in
bytes. arc of dither matrix select map band data, in yeas. If the size =0
only one dither matrix is teased. ize of unencoded tag data band, in bytes.

2azi
(bi-level)
si ze of

t he page band header.

be O which indicates that no tag data is

Its conpressed band data. The

.novi ded The bl ack

| ayer paraneters define the height of the black band, and the
5 asari abl e-si ze black data fol |l ows
The contone | ayer paraneters dune the hei ght of the

contone bapd, and The SIZ& of Tts—To ,Ff IF ""i"-Si sting of the
contone cofor data and the agsoci ate I -l eve ﬁ Her Filk sel ect map.
The vari abl e-si ze contone data follo b cpiadep) pyFEL- data The viari abl e-si ze
bi-level dither matrix selec{ map d urfperf8 bibwe resdved. cont one |[dat a. The tag
band dat a phckisdefaaet Of Tag {ebitndyerl 1lscht By rerbli-ENTvd kg g Ne tag encoder.
The format|of the tag data i$ found |10 bel ow. T %ggu%fand data foll ows
t he dither Wi_x__sel_erf map! Tabl e Shous ?‘rﬁ%‘“ﬁ‘ } the vari abl e-si ze
conpr essedPBAR® WaEa whi ch f gfbioweesn ld’baﬁﬁﬁkmmdnﬁm Tapl e 4. Page
band dat a plckrethephtack data Vebidudger ghBPEIEEE b, in LK data dither
matrix sel Dl DS AR RS aykest—ant  bi t map
channels.TymcaIlyBoMforCMsz
CMYE.
contonel scale factor 16-bit integer  [Scale factor from contone channel 1 resolu-
tion 1o target resolution (must be 1 or greater)
contonte] page width 16-bit integer  {Width of contone page, in contonel pixels.
contonel page height 16-bit integer  [Height of contone page, in contonel pixels.
lcontone? scale factor 16-bit integer  [Scale factor from contone channel 2 resolu-
. - gion to target resolution (must be 1 or greater)
contoneZ page width 16-bit integer  (Width of contone page, in contone2 pixels.
fcontone2 page height 16-bit integer  [Height of contone page, in contope2 pixels.
icontone3 scale factor 16-bit integer  [Scale factor from contone channel 3 resolu-
_ kion to target resolation (must be 1 or greater)
contone3 page width 16-bit integer  [Width of contone page, in contone3 pixels.
qunmne3 page height 16-bitinteger  [Height of contone page, in contone3 pixels.
contane4 scale factor 16-bit integer  [Scale factor from contone channel 4 resolu-
tion to target resolution (must be 1 or greater)
contoned page width 16-bit integer  [Width of contone page, in contcmed pixels.
contone4 page height 16-bit integer  [Height of contone page, in contone4 pixels.
The page header contains a signature and version which allow the print engine to identify the page header format. ¥ the
signanreandlorversionmmissingorinmmpaﬁblcwiththepﬁntgine,thentheprintenginemrcjectﬂwpage. The
conione color space defines how many contone layers are present, which typically is used for defining whether the
5 contone Jayer is CMY or CMYK. The page header defines the resolution and size of the target page. The black and
contone layers are clipped to the target page if necessary. This happens whenever the black or contone scale factors are
not factors of the target page width or height. The target left and top margins define the positioning of the target page
within the printable page area.
ThetagparamctcrsspedfywhethcrornotNapagetagsshouldbepwoducedfordnispageandwhatorienmﬁonﬂnctags
10 should be produced at (landscape or parirait mode). The fixed tag data is also provided.

The black layer parameters define the pixel size of the bi-leval black layer, and its integer scale factor to the target
resolution. ‘lhecontonelayerpmmmdcﬁnemepixelsizeofeachofthcfmncontonelaymandﬂ:eirhtegsxscalc
factor to the target resolution.

Table 3 shows the format of the page band header.



onpressed bi-level black data. Conpressed contone CMYK or CMWY data. =ress

bi -1 evel dither matrix select nap Tag data format. See Section 9.2.2. SEP? M
Each vari abl e-si ze segnent of band data is aligned to an & byte boundary.
The tag EWOMABPB3BrE) 430 in FIG 50, provides functionali tg@fmﬁwp@glﬁnabl ed
applications, and it typically requires the presence of IRInk at th

print head (aIthough K ink or other aright be used for tags in limted

ci rcunstances). The TE encodes fixed data for the page being printed,
together with specific tag data values into an error-correctabl e encoded
tag which is subsequently printed in infrared or black ink on the page.
The TE m ght place tags on a triangular grid (see FIG 20 55), allow ng for
bot h | andscape and portrait orientations-588asic tag structures are rendered
at 1600 dpi, while tag datal 5 S E P 7004 WO 01189838 PCT/ AUQ(I /00517 -57
m ght be ef®Ukf-Breskendhender forpdt| y shaped macrodots (with a mini num size of |
dot at 1600 dpi). The TE takes the following as input: A

"portrait/| pTOSTAPERi{ag—A-termglate—defni-agthe stricture of a single tag
5 A nunbek_of fixed data hilts Trxed for t he 45%#9° A flag that defines
whet her or PE8E™t o0 r edundant | }f-t&eede [Perepardinsedual fottat signdbird S O |whet her to
treat the Wimtiem as al rea(ﬁ hmtﬂﬁg@e%&{mQMfm‘}&ﬁbﬂ.WI ari abl e data
bit record mm\ﬂkgﬁee ETCTTecy] tcgr‘.ta'ém the_variab ata bhits for the tags
on a gi venkine tags 10 ﬂ aﬁ“&’é?"lb??é’;‘“%et her or npt to
redundantlEh‘ﬂ‘ﬁﬂ‘SS‘é@t he var | clﬂ"é%a el gack whibnblask peais. Treat the bits as
al ready hRlsskrpend Batesize encoded ZbIﬁ&gﬁutMTofﬂiMd[dﬂgmtbﬁ& ercod (TE) is a

1600 dpi b The tagaata—should-beprinted The output is
Via a. | -botwde Bl EO 447 o BE 'g %ﬁgilt°5°°§?’)°b%|‘“c"f‘tr“‘in§""f°}’i tiam used as

i nput by tﬁ@mﬁa@HEWn FI GF @Bm“ﬁ'ﬁe %Q@Dfmnebqﬂﬁats-mrtisequentl y preferably
printed wi fiferamurik siee zeptdeda b 3P totegee | oitﬂ&l’mﬁ& =g tag sensing
devi ce. Sipmeaizbl ack ink can be IR a = ol functjonality can be
provi ded aon offset-printed pages usi bI ac |812M(;gr?£§$ﬁem%\’?\n" e bl ank areas
of the pade exanple ta _encode Bftons. Alternatively an invisible
infrared i ?bﬂl&flf‘mt?é’ used t o [PPititse heSisclaiantoded tag tmegeadoweiest Hie top Of a

regular p betivhicSindi@R O oAz QudfYSt be taken tQ
ensure th 4Qn on the page is prlinted in
i nfrared-t k 1nk will obscyre thd infrared tags.
20 The nonochronmati c scherre |s preferred to nmaxi mze dynam c range in
bl urry realthf Mgk &y dpmarmmeters igonibnrizbtiopheb 4B Bid | sied o it coftesked banl i) tThd1 9

the saffe svakblegfe Wacl dugpefolioivd thi Wch’:ﬁ The \Rhtor 125dr Ginﬁmfs%&n bgPt ot R Quced

by two PEﬁd;mdaﬁ TJ,}II§ encod nmus e to print
parti al a&?ﬂx vy encodecgIa mmﬁm‘f“%t’”ﬂ%{t‘iﬁhﬂ
the internal wor E ﬁ %”f‘E“’éer “’éP’é?ﬁ“‘hl%W#Wltlﬂémﬂlwmmm
hal f - t oner PRSP ”%P?H‘f‘m(the user of tag data). 25 Even though the

concept ual The mpbadrdant inthe @nofedy ditRirhing 200RRA®Y the BEbncsild ANS oA uL‘Pag*&ﬁk’ﬁ @nd
var i all0e %ucm&@bﬁsdmj,ﬂwﬁ&mmsggpm%arl abl e data conponent this

I mpl enent a,tai,lgp ose ran restrictions on certain encoding
par anet er s fiiney ﬁﬂ‘i‘é‘t hich folloy th\pags bagddeadire 1 ange
restrictio °ﬁ'é‘§e restrlctlons are a direct result of buffer

si zes and the nunber of addreSS|ng bits, chosen for the nost |ikely

ge. However, if invisible |
t any other prlnted i nfor

encodi ng fcenari ofieal T 15 a Stordat € et et er sizes and
cor r esponqippgatttesst-rg—t cdal':a;nw , ers in other
bytestream
contone data JPEG bytestream|Compressed contone CMYK or CMY data,
dither matrix select map G4Fax Compressed bi-level dither matrix select map
bytestreatn |data_
data map bitmap Tag data formal. See Section 9.2.2,

15 Each varigble-size segment of band data is aligned to n 3-byte boundary.
The tag encoder (TE) 430 in FIG. 50, provides functionality for tag-enabled applications, and it typically requires the
prasenceofIRinkatﬁlcminthmd(alﬂmughKinkorotlmmghtbcusedfortagsmhnntedarcumtanccs) The TE
encodesﬁxeddataforthepagebmngprmted,togethermmspecaﬁcmgdatavaluummanmor-oonmtablemcodedtag
whmh:ssnbsequanﬂypnmedmmﬁmedorblackmkonﬂnpage The TE might place tags on a iangular grid (see FIG.

20 5%, allowing for both landscape and portrait orientations. Basic tag structures are rendered at 1600 dpi, while tag data



30 inplenentations. Table 5. Encodi ng paraneters NanmeDefi nitionmaxi MY o p 2004
val ue i nposed by TE Wage wi dth1l2 inches S:ag sizemninmumis 2nrm x tra?n
Nnunber o¥odessssgn each di nension of the tag384 dots (m nl‘{gjﬂ}ﬁ@ JdOtS
given E) Ecy encoding for tag dat aReed- Sol onon GF at 5: 10 I Xxed data
(unencoded) 40 bits Rpoof redundancy encoded fixed datal20 bits 1 5 SEP 2004
WO 01/ 89838 68 PCT/ AUOO 00517 Dvsi ze of variable data (=encoded) 120 bits
Rvsi ze of redundancy encoded vari abl e data360 bits Ttap per page w dt hl52
(all ows for packed 2mm x 2mm tags). Macndot sizeMninumis 1 dot O
particular note is the fixed and variabl e data conponent in each tag. The
fi xed data conponent is the part of tag data that does not change
(different to the part of the tag structure that does change). The fi xed
data is ei migabe mesiel ababitaly sHape@machiobti(witina tifiGurhifie B @stad édo@pin and encoded once
w thin PECmqgmk&ﬂﬁgﬁovh&a{mg and used as-is (the fixed data shoul d
therefore 5 reﬁpr}gant encoded externally). The variable data bits are
t hose data" b| ariable for each tag, and are as with fixed
data, are red\irhiatreiyfining toshuchrd of s sinkie tighe TE as required or used as-is, The

mappi ngb of « dmmsﬁxﬁmmtﬁk&@&m@% vari abl e) to redundancy encoded bits
relies heayi I)y tﬂ% od of . r %‘P’ anc encodi n rrgl oyed. Reed- Sol onon
encodi ng was ‘chEsE °%1'5’H°|’§§7’ they e dafg P WaHieEP Set gibits as aiready

effectively defngbeen a-'ﬁQF”d correct errors using a mnimm of redundancy. Reed
Sol onon eneodtmgh&&vmameuﬁwwwa&m&m&lnmﬂ%ﬁm&ﬁhm&legﬁBEQ{?enhneCof

Correction” . Dobb's Journal Vol.22, No.1, January 1997, Rorabaugh, C,
Error di ng ok MGawH || 1996, and Wcker, S., and Bhargava, V.,
Reed- Sof ondn dﬁ?&“f“ﬁ%ﬁ'?’“ﬁﬁd‘b‘l‘%‘*&’t*&ﬁ%‘h [emgblepsiata it orwhether tojtat the bits gy abreadnt

i npl enent at i davingfeep fpsodedag encoder (' 1'E) is used Reed- Sol onon encodi ng over
the Galois Field G-(2'). Synbol size Is 4 bits. Each codeword contains 15

4-Dbit nb t h 5 .15
ori Igi naily dgdg #{g ;}3 10 are’r, éétgpé‘g‘t h%%g %ﬁ&%’ tp}%m #’ﬁg &' °
redundancy ;“g‘ ai TG ik M b AR LN HEHR & FiGh S0 e merve
t ot al . FbSeaypl, R e agorive D6 0a binber{Lb0a & il deV20 S Hiabinb)
This is redmmdmrwsp:pmmﬁﬁedfmtcﬁbnm MEbedprdviaddan ofaiiARtid pades é&@bﬂﬁdﬁn‘i oh 3B Qwikd Bal.

360 bl o . ts. of
var | abiel faﬁ ot i m%%ﬁeﬁa’gss ar e@eg%#gsé%%é& Stbeoxeé‘; %‘gghaewmm

original data. ore CO
giving a % to%gé%pgﬁﬁﬁﬂ‘e‘&%t%%Yﬁg“ﬁFmiﬁbmet?i %W‘W?Wﬁﬂﬂéﬁﬂﬁta
only needsp@ﬁdmwéﬁp?@heem&émmémwpﬁmww mwainhgmupmmmmm
of var2@bl mmuoqwomﬁcsdahasﬂhﬁdﬁfuﬁﬁﬂuﬁmﬁﬂﬁ FeRling @fHddatu@el fOr the
vari abl e dmm b el Ihe WL E es
a bi |evel gﬁc Sl[md%ﬂ’ﬂl 0 the bi- | S%%Sﬂéa%%gﬁgﬁlﬁ?&fg é@po sr"Bﬁdtb
for nergi ngm% e kﬁmﬁ ?]? t(“35*“tag structure and
placing th &memw@vﬂmmwmﬁmmmmmm
printing. Bdlfdoner/compositor unit (the user of tag data).
25 Eventlmughmeconcepmalmpiemcnmhonofth:tagencodu(‘l‘E)allowstagstohaveavanablestmcmreaswellas
ﬁxodmdvambledatacomponmts,ﬂusmplmtannnofﬂ:cmdoeslmposemngemsmmmoncmammoodmg
parameters. Table 5 lists the encoding parameters as well as the range restrictions. However, these restrictions are a
direct result of buffer sizes and the number of addressing bits, chosen for the most likely encoding scenarios. It is a
simple matter to adjust the buffer sizes and corresponding addressing to allow arbitrary encoding parameters in other
30  implementarions.
Table 5. Encoding parameters

Name Defimition maximum vatue imposed by TE

W lpage width 12 inches
s tag size minimom is 2mm X 2mm
N mpumber of dots in each dimension of the tag 384 dots

(minimum of 92 dots given E}
E }Rﬂdtmda;ncy encoding for tag data Reed-Solomon GF(Z") at 5:10
D Fm of fixed data (imencoded) 40 bits
Re ]sxn of redundancy encoded fixed data 120 bits




encoded tag data is generated fromthe original data bits On'the'f|¥5t§)EP2{]{]l.
mnimze buffer space. In FIG 55 is seen the placenent of tags for
portrai tﬁ({’]d | andscape printing. The TE preferably places tags 488 on the
page in PY8M® ar grid arrangenent, 488, 489, 490, accoumOINRM51IO h
| andscape 492 and portrait orientations 491. The triangular nesh of tags
488, 489, 490 conbined with the restriction of only two printing orientations
(I andscape and .30 portrait) and no overlap of colums or rows of tags
nmeans that the process of tag placenent is greatly sinplified. In FIG 56
I's seen the general case for placenent of tags therefore relies on a nunber
of paraneters. For a given line of dots,_all the tags on that |ine
correspond to the same part of the gener%fla't ag structure. The triangul ar
pl acenent eea—ber—eonsi-deredas—alternative lines of tags ere one line
of tags islinget T BRI SRR t he dol di mensi WS and the| ot her 35 |ine
of dots is| i #set pigpof mdugdafidyenceded vagiabivdad The dof | Béoels t ag gap| 493 is the
sane in boih 7T Nags galpageaelitn, and 15 drf ferent—from—ihe—+ne—nter-tag gap
494. 1 5 SEP 200L WD 01/89838 -59 . Thejparaneters are norejformally
described Jin Table 6 and Table 7. Note tHal*vRrytEnsdmmigs) bar anet ers are
requi red -{ t Hbse Weetrait printing. |T theMisieBiad! on changes from
portrait to IandScape, tnem tag hmerght—ahd—tag—wrdth—parereters, and
general do | ne ameters are sinply interchanged.. 5 Table 6. Tag
pl acement &a{%g%g%%orm sls%gérxédmrrﬁ er f%aﬂﬂﬁ’ﬁ%d\éﬁ“t‘ﬁétmﬁ 2 LOTpOngPA 5 the it of tag dara
i nter-tag YAy St Sraee {Sifare toghs papgf (o g iaurne Phe idocs cenzOcthe fichdaiadurithéivead iy BERC Of
dot |ines éhip mpits uaegtogded from maliestgdeldnxe WhibIPEC, BEHEREL s reaf andl Qb dSes-is v AR dhe@Bodid Ededie
Wil vy berapRibdy Gebd@xbfyShan8r gl r . of is in the
boundi ng” bgx, 'I&Wstgﬁt gp%&efltf&%%gdﬂg%%rg AM&#%B’?%?C?%S
0 ST He B

Wi ni mm 1_nunber ots 1Tn I'n %¥e tag's boun i um1 L x to

the start OF™fEREs pfaxt big Sgb Sx=pad tojgrgisndanicyaofird bt aelies|bpapity.on Pémeetnd orvelimdmty

dot s from ttrdinpakplyyef ReaFilotarpn@diduss ivifosits BEAMS fealofith Bk erdois BRSSO hdieBGing

edge Of ON@rmécAgos ufngAGinikbin bNHGRRERY. LRAH Sololfn A& & 3uSedICHIELNE. BRX solohS)

line g’ €ChdoPBurection”, Dr. Dobb's Journal Vol.22, No.1, Tanuary 1997, Rorsbaugh, C, Error Coding Cookbook, McGraw-Eill
1956, and Wicker, S., and Bhargava, V., Reed-Solomon Codes and their Applications, IEEE Press 1994,

In the present implementation of the tag encoder (TE) is used Reed-Solomon encoding over the Galois Field GF(2Y.
Symbol size is 4 bits. Eachcodewo:doontai.ns154-bitsymbolsforacodcwordlcngthof60bits.0fthe 15 symbols, 5
15 are original data (20 bits), and 10 are redundancy bits (40 bits). The 10 redundancy symbols mean that we can correct up
to 5 symbols in error. '
The total amount of original data per tag is 160 bits (40 fixed, 120 variable). This is redundancy encoded to
give a total amount of 480 bits (120 fixed, 360 variable) as follows:
* Each tag contains up to 40 bits of fixed criginal data. Therefore 2 codewords are required for the fixed data, giving a
20 total encoded data size of 120 bits. Note that this fixed data only needs to be encoded once per page.
* Each tag contains up to 120 bits of variable criginal data. Therefore 6 codewords are required for the varjable data,
giving a total encoded data size of 360 bits.

The TE writes a bi-leve] tag bitstream to the bi-level tag FIFO. The TE is responsible for merging the encoded tag data
25 with the basic tag structure, and placing the dots in the output FIFO in the correct order for subsequent printing. The

encoded tag data is generated from the original data bits on-the-fly to minimize buffer space.

In FIG. 55 is seen the placement of tags for portrait and landscape printing. The TE preferably places tags 488 on the

page in a triangular grid arrangement, 488,489,490, accounting for both landscape 492 and portrait orientations 491. The

riangular mesh of tags 488,489,490 combined with the restriction of only two printing orientations (Jandscape and
30  portrait) and no overlap of columns or rows of tags means that the process of tag placement is greatly simplified.

In FIG. 56ism&cmﬁﬂmforplmmtofmgsmmfommﬁesmanmbuofpmmm. For a given kine of
do&,aﬂthcugsmﬂmtlinemnespundm&msamcpmofﬂ:egmalugsuucm The tdangular placement can be
considered as altenative lines of tags, where one line of tags is inset by one amount in the dot dimension, and the other

35  lime of dots is inset by a different amount. The dot inter-tag gap 493 is the same in both lines of tag, and is different from
the line inter-tag gap 494.



Current Position Record (see Table 10) for the start of the first rbwS5SP 200
dots on the page (or strip if nultiple ECs are used) and the first row of
tags. To y the size of the non-tagged section bey Lze of
t he ktegypggﬁggg, use non printed tags. Current Positioﬁﬁaigﬁﬁwﬁéﬁ t he
start of the alternate w of tags. The dot paraneter is used for portrait
node pnnting, and the line paraneter is used for |andscape node printing.
Table 7. Current position record binimum= 0 minixnum= 0 See Table 10 see
Tabl e 10 NaneDescription a&SDot= in inter-tag gap 1l=in tag agStatel me= in
inter-tag gap 1= in tag DfisetDott dot position wthin the inter-tag gap or
tag, mimm= 0 Cfiaeti inelire positiongythin the inter-tag gap or tag,

m nimum = 0 The 1E makes use of several specific data structures: a
TEOienrarion flag, that determ nes whether the page is being printed using

portrait okl C | acenent P 2004 WO Q1/89838 -60

PCT/ AUOQY oggf%mﬁr &*Z*??‘M%“@&%@%?Mﬂglg? H?E T NOtA Mgt G908, et of estsiefs ik gpatined -
conposi t i offeHfor B FriokneC Hths gieptatiop ehanges fro pdrirsitdclandmaye, der itright end tg avidiplrbrastetiat a
bits and f eodgekeral ddtandiind pEramediers areinl) MRAELHAIOf a nunber of tag |ine

St ruct Ug €S rafM¥ersg PlaceRiaft Pardrfatids dpi line in the tag. There are two tag
format structures - one for portrait and one for |andscape printing. 5 a
feed rag data buffer. Contains the redundancy encoded fi xed data conponent

for all tags offrmiser page (or part dlescaptiopage when muf _RsplcamP'FC chips are

used). a [ragligkri nted B el B2 g BolldmE bow Pl kg™ 1ag is to be
printed or IkgEPrreets—he—enrcader—wheth 1 = tag format
structure BrdS nply ouf pul 0% Pl gn @ single fing of e gy "B lhuffer. Contains

the tmencofled data and FégMePrpeedssmtegs elbpilivare tajgs in half of a given

line of 1D tags (a lin énahe\sbagh dfthexby, bufe Subibdr g PF i Nt ed by this PEC

chip). If bnly part of Rodifleboinddf bRwiitbe MstdalthyaeBEC { hen thel| whole tag' s
data nust pe present. gonyari abl e tag data buffer. ntai ns §he redundancy
encoded valiable data fbhr"a single tag. The data striuctures are described
in nore defPHiM=BerBw, NEt@upvEl desfomdi sasol ofe taghbouydngmrwmstr ict ures are
based on the tag encodpoxg tcsraa nifeaestapsbolniing WL it ddjabl e S. For different
sets of enpodi ng par adegsalohe sizes of the structures and the

Line inter-tag gap The number of dot lines from the edge of one tag's [minimom =0
bounding box to the start of the next tag’s bounding box,
. fin the line dirsction.
tart Position The Current Position Record {(see Table 10) for the start kes Table 10

of the first row of dots on the page (or strip if multiple

ECs are used) and the first row of tags. To increase the

ize of the non-tagged section beyond the size of the

. -iag gap, use non-printed tags.

AltTagLinePosition (The Current Position record for the start of the alternate Fee Table 10
: row of tags. The dot parameter is nsed for portrait mode

printing, and the line parameter is used for landscape

Fnode printing.
Table 7. Current position record
Name Description
TagStateDot K = in inter-tag gap
1 =intag
TagStateLine 0 = in inter-tag gap
1 =in tag
F.ocalOﬁsetDot Currcat dot position within the inter-tag gap or tag, minimum = 0
Eoee]Oﬁ'setLine Current line position within the inter-tag gap or tag, minimum = Q

10
The TE makes use of several specific data structures:
* & TEOrientation flag, that determines whether the page is being printed using portrait or landscape tag placement




15 correspondi ng nunber of address bits should be appropriately chang%dgEPmm
The TE supports both | andscape and portrait printing. The node is

conpl etely i ndependent of the length of the printhead connected to the
PEC. G vé OdE'FBP@Qt paper feed, a 12 inch prnthead can pri Helgbdetosand A4
pages in both | andscape and portrait, and nultiple PEC chips can Be
conbined to produce arbitrary sized pages. As a result the TE contains a
flag to 20 determine the orientation of the tags. TEOienwtian is
therefore a 1 bit flag with values as shown in Table 8. Table &

TEOr |l entation Regi ster Val ues. Val ueDescription OLandscape 1Portrait 25
Each 10-bit entry is interpreted i ndependently as descri bed by Table 9, and
has no reliance on state information. Thi®-is inportant so that random
access to the tries is possible, especially during the rendering of one
side of a partial tag {spread over 2 PECs). Table 9. Interpretation of
10-bit entry tsfrmg siricres Stemples doilingshe cBrsition AQ glubcRdy Y @ adricad m&rtﬂu&m(i%mhé
part of the bﬂsbitsaﬁ@}ed&l‘aﬁbi&nbﬁl&&mpﬂéofﬁnu&%Bﬁngﬁe%eggnsefmé}cﬂ%o%(p e e
remai n- ing mwﬁ&?h%&%c\éﬁﬁjﬁpﬁp %rr&%yalng bfz Set t0 0. Thi s dor I8 Byt ed
fromthg da_taaj{ggrt of -the tag. The 1'OWer 9™piP&dserii®8d to deternine the
actual data bi t“'ﬁdﬁ’gg"f"'r Cp engfidedfixedfdaty dumponenciicir & Sags @R p&ee tor pdr¥ea
remai ni ng 7 bRgeshenmuitipls BEC dhips aedbebdless t he 120 bits of encoded fixed data for

t he page. |If dHagsreiprpraag 2pddifidsSvhsler £ AR n oth set, the fti 9
bit address ig %ﬁ&g_gg;grgas t%@%%%%&gﬁ%&g%to% VATTOHD MR 3
the tag. 1_5'5%15:%%2& WO > PEEPAUCT 00517 -61 Since the Tag For mat
Structyre (TESF 1% A B SOpnnie wpracpeed cyrne TrghPristd fagsifortie Sgst DIfBCth fivn ffi@r
ext er nal DRANMS (adipeis fhe width gfihe stripiptintairby @RIPAE LI, If A JarCHR € 1af Qhﬂ@@pﬁggﬁgmm
orientation phblekag i midde plebeeX | €Nt ation flag determ nes which of the two
will be useG e forngpt structures are supplied by an external
process, aﬁ?dﬁ r d“ib%b'%%gce,xt re@?la_ A RACoSFaneble (el ghele tan be arbitrarily
different. In prac %%W*%W%r@%%%&mﬂ@g@n%ﬂmg&m&&
degrees. TREPHREPaATeTs frdived iy Trbiscfu iForotifetoyt s@s &FieftGHing paitels She 394 OF K FAGHE G e
bits. Thhe swarshontunpnamte:nbddmds bHERIBRE Ye b@GHiiAHnEs fOF @ tag of height 384,
and totals 180 KBytes. A nmaximumtotal of 360 KBytes is therefore required
for the t ientations. As seen in Figure 55, for a given |line of dots,
all the t\gglge%ﬁpqoﬁ%tm%“% PDT ROEEhEREpet Bhemads ispampletelyngienendene of e lexigth ofitie printhead
Consequent F5recte grthe B Giuen chrier eapafieed a i Diodh poltHe) candrish ILAGH st A e th Bt Sk MRty ©
i 'S requir emitraiaad ollible PHECHPY dab beRomimed 1o PRARY £ ing.all he next tag
line Q0r uc&mhpomaﬁg@&gﬁ fromthe TFS.%I%%%%% \éﬁgﬁg?’i”ﬁbﬁ’?&’g
l'ine stru%ﬁ_l sed.to render the current tag line. Reading a line of
tag structure data AL et eirsetee i Tlle & ame DRAM  bandwi dt h

regar dl essTadie 8-{TRQrigtationRegistenitaluesThe entire T'FS mi ght be stored on the PEC
chip, in which case the rotation could be perforned on-the-fly. The nenory
requih_rerre TS KRhe t 1T Tﬁé&p&m% ler ef ore a double buffered tag |ine structure
on chip

0 Landscape
1 Portrait

25 Each 10-bit entry is interpreted independently as described by Table 9, and has no reliance on state information. This is

important so that random aceess to ﬂ:letmuiesi_spos;ible, especia]lyduringtherenderingofanesideofaparﬁnlug
{spread over 2 PECs).

Table 9. Interpretation of 10-bit entry in Tag Line Structure

bit 9 Interpretation
0 [This dot is part of the basic tag structure. Bit 8 contains the dot output value. The remain-
ing 8 bits are reserved and should be set to 0.
1 [This dot is derived from the data part of the tag.
The lower 9 bits arc used to determine the actnal data bit to nss. If the upper 2 bits of the
are set, the remaining 7 bits are vsed to address the 120 bits of encoded fixed data
or the page. If the upper 2 bits of the address are not both sat, the full 9 bit address is used
address the 360 bits of encoded variable data for the tag.

30




(totalling 3840 bits x 2 = 7,680 bits, or 960 bytes), and up to 360 gra%tpgﬁ
in the external DRAMfor the portrait TF S and | andscape TFS. In t1 0k
bandw dt hwatd19ssgi ti ng of the portrait TFS and | andscape %@ﬂgﬁoﬂbﬁﬁto be
done once, so is 15 not an issue. Reading the appropriate uring
printing however, is an issue. Assumi ng a worst case of adjacent tags.
there is a need to read a tag line structure each output linme. Each tag

| ine structure is 480 bytes. For a maximumprint speed of 30,000 |ines per
second, the TFS access ampunts to 13.8 MBlsec. The fixed tag data buffer is
a 120-bit data buffer, addressed by 7 bits. The buffer holds the encoded

fi xed conponent of the tag data for the-Plage. The fixed tag data buffer is
witten to once per page either directly fromthe 120 bits of original 20

fixed data PR 2eForas Steptae FES)igine besedovethpve Swacshichstnicugicreoked fui theezaternkil DRAM aSne i@ €1
Reed- Sol onwertrdtegabiiel, andlond foglasiRage Riicaelich bﬂgngs nﬁam‘ohﬁ&ndﬁﬁa dadnind whR b o twe wil
particul ar bt ags Stew. Srofdf duidn Gl bi t th| Il q I S ESH
buffered fqf totaltﬂ?éf#% m buﬁ‘erl nd AR fhe‘%

flag fog the neﬂnbfa eW‘ﬁBﬂ“ﬁl W%WWPWWH@99§M+ ﬁ'ytotal
render ed. 'PE@ETW“F’PR‘QGNPEEGTﬁﬁ@r_%@sléﬂgkbb&tmmagmmmhmVﬂhuﬁﬁyﬂ@m:mthﬂf

Tabl e 10. e 584, 26k toralugo ek N vl EHaP 81860 Ko on on't
print the tg t s,k a flxed an varla ata ues
ut put 01 s AR5 B pl 3n3 48 1 8“’6‘&5?‘”1’@’??9‘% i e s e stctre.
speci fi ed txy 57 P YRR I’P“aﬁ"%‘?‘ﬁ‘ﬁ‘&ﬁﬁﬁ%‘ W&muﬁégnmm Btif {TES. Double

cont ai ns tMM%MMaM@tmgeﬂwmﬁwmmdmmmmgmﬁﬂmﬂeu
line. $0ONC@sed &Cindbr tecourGaly ﬁ&ntlﬁéﬂﬂxga IR R e dR%orlsAd cf%zll §% m
Ine tag bu

X 2mm cl osglMwiRaG h o ches
cont ai ns a%n\r‘}c % ég’g{mgﬂ?g&b%s are ﬁ#%ﬁ?’f’g&"%&& R pehe rofign °°Br‘97
and soon as* EHEHH m%ﬁl%%fm%e%?wm@a@mmmmm@mm
Tagl sPri nt deeldg 30 Rige 2 = 739580b1tb|ot96tm>Tada:lvf>3&o KiBytkslitee 43351 DRAK £ the Gt 18 lend
(1216 0t cxher o8 sak paat ot o minflrBobRl 1 mghert ﬁ’%%"%m 5
e e it to the TaglsPrinte
msteadsof §%1tg</’i;;%“ rrggg%'brg\}mf[ﬁe f°Or & Wgnﬁfﬁgﬁ?&ﬂg‘d“'ﬁa %@'@5“%8@%&'@5
t he unencodsd ‘ﬂr?df?éh’ffl g each evsppiine ¢ Baclytag five sttty is #i9chyteha (For, a dRaitnive print
t han doubl Mﬁﬁ@ﬁﬂhﬂgpﬁm@nmemdmmmﬁtsbagsm we triple buffer a-half
line of tammmﬂamm%wmm 76f 0T Bl hotalind HEaBW %‘a‘? nent of

buffered f Wi.th a timng restriction In
i nst eaggof ?;%“ﬁgm%g%%tl r%&dl SEhe MR TR 8 T 51 Frotia G Prigo bits phrgieired | £
-line

'"“”%#@a‘&ﬁﬁﬂﬁ%ﬁwﬁwmmm&m@a@m&. s inportant to
have t hr ee“IL TaeliFrinted fhe stiocifich @hetheren dot R @brtiqulsiStbg dhwile be \Bididd. @Bl % sx*ngwbuhmlsfﬂaé & BRible

=

buffers thommrirag fBbia ﬂ&ﬁd&ﬂm Rew! & TpRim Jmar]mn%

2004 WQ 0118R&E38 CALC ﬁ éﬂ;tfue}%sll 3 Egsﬂag\f/(’girﬂ!Eeq}l 1@{) 'i%'llgtshg)
Thetrlple ffelr Iovvst sarre Mo T - i ﬂ"ﬁ‘f”*”é 4% be used
mul tiple ti (’ﬁ‘%@"@ J&¥SI i ne of the tag) W|thout having to be

re-rea®¥from DRAM The th|rd hal f-1i ne tag buffer is used to | oad the
first hal f|of Yawe ne<t tag ||ne 5 aatnamdwpng thre—processting of the
current sef—of—§2osgr a4 he—second half off the next
tag-1ine' s|data durih P!’ﬂ if‘pﬂm pﬁﬁc%'sm ﬂ’%ﬁ“’@ﬁ%"ﬁr?ﬁﬁ“ﬁ&%“&r the next tag
line. Now that a givEfef Quei P feeach deryithin thetaghpdingboread once {during t he
entire pript prbcess mnsmmeﬂyytﬂ:vhomﬁgsﬂcﬁﬁ Ti maP_ocessed flag is

associ at ed Wltn eacn naIT-ITHe Huffer LU spectFy—+f—the—tags on this
hal f-1ine haup;d efore flrst time a _given half-line is
processed, the %QDB{] Rﬁ“ﬁ%‘?’d ﬁ&%f%“fpﬂ’rﬂ Phline-ofince speding o

arranged i (0 SRR “’f’f“‘P’%‘f?fészﬁgs (442 pize] of Prem 2o closkp packedipver alifnita ofdl2 dcheg), ogji v @Fline
li ne, each tibiffrchritsing at Sip@ M6t6ks.i108 bitDRANMb GRS BdciGg 455 QEIBY @ndlsOn M@wﬁ»@ﬁ§ Jsf 108N

i s 0dd30 on&m@fm&nb&ufﬁla%wdl%ﬁ%ag%ﬁn'mﬁ&%sa'a'ibﬁﬁﬁﬁfgﬁﬂfaﬁgmtﬂ%a{@ NG QLG L (Ihe
10 LastT | P i (e
° Xa_stl) a}gggia’?hafé@g%ﬁ“ iy dP‘“‘S’S’SE’PhB“‘éP?‘s@FSf %ﬁl?oga%moflbntJQeTag&r;ntedﬂag

vmgamgu:valueforﬂmemenmdeddata(egﬂ)mmsthattheunencodcddmzs 120 bits of

completely unrestricted data.
Rathcrlhandoublebuﬁ'a'inganentizelineoflagdata,wetrip]cbufferaha]fﬁneoftagdm This saves 1216 bytes
35  (compared to the double buffered fall tag line), but comes with a timing restriction in that instead of having an entire line
time to read the full tag line, the half -line tag data must be read in half a dotline. Note that it is important to have three
half-line buffers and not just two. With only two half-line buffers the same tag data needs to be re-read as a given set of



one tag half-Hue to the next is the sanme in both cases. Portrait and
| andscape pages bal ance each other out in terns of total nunber of t1afg§EP?ﬂm
Assuming a worst case of adjacent 2mm x 2mmtags, there are 76 tags per
hal f-1i n@YO &K% an 8.5 inch |ong page there are 107 t ®¢I/AGooobs17l i ne
di mensi on- The size of the entire data in DRAMis therefore 1216 x 2 x 108
= 255 KBytes. For a print speed of 7 page per second, the bandw dth to
DRAM i s therefore 255 KB/ sec. For a maxi mum print 15 speed of 30,000 |ines
per second, the TFS access anounts to approxi mately 561 KByteslsea The
variable tag data buffer holds the 360 bits of encoded variable data for a
single tag. The TE doubl e buffers the %rlable tag data buffer for a total
of 720 bits. Double bufferlng all ows the ?aw 120 bits of variable data for
t he next t unda re uired) and stored in one
vari abl e tggaggta p‘ii J{,‘% Xhﬁﬁg%ﬁﬁﬁﬂé’ PRpaths d‘gtbbffﬁé‘ﬂi%l“s&'i’@“l“m
for the cufFeft 0%'@;3w%%mmtqm@wm@pmagmwhnmmmmmwm
PEC, only frtealfof thetex:bgdindyi dhts, dring thh frocBiBy of e diadt €t &Qagd ard& ubtd boSoaR hEse ek ﬁzﬁf

t

and it is fhgk g TRAAh Bbihgl dheoroOsside der to wENSHre
the 12 bl}% of var%ab eglta dat ﬂﬁave%ﬁe&eﬁ%ﬁg‘g redunﬁgn%y g“r?é&ﬂ‘?’ﬁ@“"'
al ready” ap EFFIH‘HQW %’“ﬁ%ﬂ‘ Y p Pk TE‘HBW%"S?‘W‘*PF Esocig@l ith eqch palf-line
current ta §Wﬂﬁaﬁh°emselm%i§wqbevemmxs@bﬁfm Thin SrstCiche & giveh hadifaigle iBfr6cessddCthd1 0
produced, ichidatiiae bulfllis@oathd fram DRAME he next tag is being encoded to a second

vari abl e t-ﬁgmgwsmegﬁ,bmémf - 11hes Gt theR D 10025 RAL ET thar}t StgnESPFEE%

entire tagy %Ag& '#E or the varlaletagta%ta FEp ing poe

data is |oa d@%ﬁ"ﬁ ?ﬁﬁaff PR 5T Ge palfdipes Wil qoptpimn 1 Yessyiae ﬂnpﬁlpepm Fhee
trade-¥ | + kestBaeRHaE dhe Mgl cey initas N 2er oud balfkine cuvtieg (NG RIS foethe ftan Ragatiied, the offset from
Er ocr:] es rs]| Ngjone atmzdnetuahcaﬁs 14t saeh Indoth Easea\mmh:a%h ﬁndsd#ﬁtpagbs%aﬁdcé %M&K%m%&%gmf n
oth the dgipapnd, ots for e bein
gener at ed the dot Irggﬁ%ﬁ@é e varl a%?%m@at%a cg ﬁ‘flﬁfn égﬁé}?fh
tag are bePHd paganifa wt@rveb%%ﬂ@n%%@@emwm@nemlmnem-asﬁd
the next tH&Rytes W@Memmwmm@mbmmwm@@ﬂm:
t asks 1mvomome@dmw%imsmsmumk i DUl fer, and does not

ol ve Snegties 6, EELGIOG e DA, T rsg%%mdgggg;@gemt a9,

data buffer is use
f r om DRAM %Pﬁ?ﬂﬁ@ﬁ%f%aé% ofr%%s xR byfFreng aHows i faw (120 béss of farifbipgiatelfat the des tag e d
again. Si M@M@mﬁdﬁ&@&dﬁmﬁmﬁiﬁa@ vinriabié agmbhmawlujauéfaﬁ&%

Qo FhaR6E
mul tiple tioRsmf Qfrenfad NALLf Ik RBasfiaglaRgis F’%‘c, ﬁ.ﬁ‘izo%ﬁ%fﬁei%v
hal f - | th th Tatfed
dat a t2c()j1 ge&%g%gg%ﬂ&m HRer s %ig Ce. 'ﬁ% P P e T?f?mb%b‘ e “ﬁ&ﬁéj’g

are bei ng BYSERREEAY rdmiancy faseding ’F‘ﬁ’é"@?‘“’%he tag format structure is read from
external  TORvablcTHg data pigfeddvp i BIGU S 8 the iufiredit Ing's @ariblectiath. VOHilk il botd fiod ik chufent tag are

actual |y peing préthced, tte 3iabld dita fol Be SRS iteint BE0abAS ] sedohd \GriBfe 1o lard t38kr, b \Bownid frg!

line of thg tag is reread. Nothing is read while processing an inter “f

- l'ine. T. sumarizes the nmenory requirenents for the TE, both |n
terms ’?P?‘*Erﬁﬁb“% e BHF tag formst Fusyte prribe| varfalinop daterfer Gl tagsethedaads loaind)ion 18 68881

- 63 Tabl e BRAM FE justdnripeywey. chpriopran e SffslareSnali e B difer DTSR ORBldh. Qocksthgd
Total Off iGhilpMREBRAGWIRAIRIT S0 B RSkl ih. BRAM. Mientationl bit

Tag For @t. it Gt Moo WA S AR RalS B 88 o (e QR R tle varisbie data component for the next tag are being
tedundancy encoded into a second variable data buffer, and the next tag's TeglsPrinted flag is being determined. Both
30 of these tasks involve reading the from the half-line tag data buffer, and does not involve an access to the external

DRAM.

* The first time a half-line tag data buffer is used, the next half-line of unencoded tag data is fetched from DRAM.
NoﬂxingisrcadfromDRAMwhmahalf-lincofmgdataisusadagain. Since there are 3 half-line tag buffers, two
buﬂ'mcanbcusedmulﬁpletimesforasinglelineoftagswhﬂemedamfordienemhalf-lineoftagsisready. Note

35 that this allows each tag’s unencoded data to be read from DRAM only once.

* While the dots for one line of tags are being produced, the next kne of the tag format structure is read from extsrnal
DRAM. Thisisonlyrequiredifﬂ:ecm'remoutpuzlincisacmanypanofatag.lulheenseof&wlastlimofatagthe
first line of the tag is reread. Nothing is read while processing an inter-tag line.

40 Table 11 summarizes the memory requirements for the TE, both in terms of on-chip and off-chip (external DRAM)
Tequirements.



Fned tag data buffol20 bits ragUPfluted flagbits -line tag data buffers648
byt es255 KBytes (per page) ariable tag data buffer20 bits TOTAL 5018 bR a0k
At the hiwbesmegsevel, a state nachine in the TE steps thrw.&ﬁ&b‘?oogﬁt put
lines of a page one line at a tinme, with the starting 5 position either in
an inter-tag gap or in a tag (a PEC may be only printing part of a tag due
to multiple PECs printing a single line). If the current position is within
an inter-tag gap, an output of O is generated. If the current position is
within a tag, the tag format structure is used to determ ne the val ue of
the output dot, using the appropriate encoded data bit from the fixed or
vari abl e data buffers as necessary. The T®-t hen advances al ong the |ine of

dots, nmoving through tags and inter-tag gaps according to the tag
pl acement g?'“ér’re"f‘?é?@.m@rmﬂvh‘e entire line of output dots has been

produced, the TE 10 advances to the next |line of dots, noving through tags
and i nter-fayg-ygaps e g—to L..e ag--p-acewrent L“'ec for the |line

di rection. {An out put dot nust beg gene é@'a‘rea,h C B n onder to keep up
wi th other|dot generating procedsesReapirempmis PEC.  warstssseudoqode, the process
is as follpws. Note that the |ogic for accessjngxidndriasnnqt shown. |f
CTEOr i ent alfEG intatic O LT & ) TEX Iggeonporentpet-8f—=—+ttnetnt er TagGap 15
max TagConp gresttane-}— Tagl eidht —mmaxTagConpaonent Dot [ 0] =+ Dot | nt eaTagGap

maxTagOorrp! ESSTBSEPY = TagW dt FPBESSy t Dot Of f B0 KRuftes (totalist o1 f Posi t i on. |
ocal Of f set [5td nzdushufipot St at e[ 0] [i208tsar t Posi t 1 pn. Tagst at eDoy] 20
st art Dot O mﬁﬂ;tednag/-in ragLi nePoSTER@. tocat S fpetbot—25—36—gtart Dot St at e[ | ]

= Al 't TaglLi st-on—TagStat-ebet Cu-—rPas -TabStateline =
St art Posi t nnﬁﬁ?‘ e e Cnar BS 9 cal of f o BEI RV dPepees)
St art Posi t ["Sitblpesderbeiset Li ne  EI[@8bimaxTagConppnentifnel 0] * Dotl nt er TagGap
maxTagConpaa®at | | ne[ 1|~ = TagW dtifeis gy ragcomnppnent fot{ o7 —tT nel nt er TagGap
maxTagConponent Dot [ 13 = TagHei ght——startBeto#H set [ 0] =

StartPositip Loc IO‘fsetL I ne startDotState[OILuHt
St art Pogi t PORE TGRS, LT TG i BTS8Pt T epee v line f e, vith e s
nePosi t¥ onPSEeief hgeinter-teapap & ite tQEPPEOOy bY\QL(TiARS BBSf » Bldub odumipie BXs Sivah el | |

=Al t TagLi nehibging)i 1 e dut€Bhositicd lid witin an inter-tag gap, an output of 0 is generated. IF the current position is within
a tag, the tag format structure is used to determine the value of the output dot, using the appropriate encoded data bit from
the fixed or variable data buffers as necessary. The TE then advances along the line of dots, moving through tags and
Inter-tag gaps according to the tag placement parameters. Once the entire line of output dots has been produced, the TE
10 advances to the next line of dots, moving through tags and inter-tag gaps according to the tag placement rules for the line
direction. An output dot mnst be gensrated each cycle in order to keep up with other dot generating processes in the PEC.
In pseudocode, the process is as follows. Note that the logic for accessing DRAM is not shown.
If (TEOrientation = Portrait)
maxTagComponentline[0] = Linelnter TagGap -
15 maxTagComponentLine({1) = TagHeight
" maxTagComponentDot{0] = DotlnterTagGap
maxTagComponentDot{1] = TagWidth
startDotOffset{0) = StartPosition. Local OffsetDot
startDotState[0] = StartPosition. TagStateDot
20 startDotOffses[1] = AltTagLinePosition LocalOffsetDot
startDotState[1] = AltTagLinePosition. TagState Dot
CurrPos. TagStateLine = StartPosition TagStateLine
CuriPos.Local OffsetLine = StartPosition LocalOffsetLine
Else .
25 maxTagComponentLine{0) = DotinterTagGap
maxTagComponentLine[1) = TagWidth
1axTagComponentDot{0] = Linelnter TagGap
mexTagComponentDot{1] = TagHeight
startDotOffset[0] = StartPosition. LocalOffsetLine
30 startDotState{0] = StartPosition. TagStateLine
startDotOffset(1] = AltTagLinePosition. LocalOffsetLine




Cui TPns, TagSt ateLi nc = StartPosition. TagSt ateDot CnrPos. Local O f set | |§|§ =
StffitPosition.Local Of fset Dot Endlf PCT/AUOX 00517 Stall until the 13 SEP 2004
RSEncoder' s output TagReady flag is set transfer TaglsPrinted flag from
RSEncoderWO81BB88cnerator transfer variable tag data buf fEeT/AvevseRSEncoder
to Dot Generator send AdvanceTag signal to RSEncoder to begin encoding the
next tag 10 tagUneType = O LineCount = 0 Wiile (LineCount < MaxLine) Da Cu
rrPos. TagSt at eDot = startDotState[tagi ineType] 15 CuaPosi ocal O f set Dot =
startDot O ' set[taglineType] DotCout = 0 Wiile (Dot Count <MaxDot) Do 20 25
30 35 40 If (CuirPos. TagStateLine -- = inlntetTagGap) Wite 0 to FIFO El se
If (CurrPos. TagStateDot - inTag) Wite (Decode

TagL, i neStructure[ Curr Pos. Local O f set Dot]%"'to FIFO Else Wite 0 to FIFO

Endl f i ncrenent Cu | FfsetDot |f rrPos. | ocalOf f set Dot >

max TagConponent Dot | r%@ﬁ?&%ﬁ%ﬁ%ﬂ“)@&fj‘%ﬁs. Local ffsetDot = 0

Cur r Pos. TagSt at e Do oy {astyplippoYarPasiion BBy OR (dot | nter' TagGap = 0)) | f
(Curr Pos. TagSt at e DEtrPos LoraltaiyotLiter=8aaPoiion Laglosenk: f | ag from RSEncoder to

Dot Generator trangfer variable tag data buffer from RSEncoder to

Dot Gengg ator send AdvanceTag signal to RSEncoder to begin encoding the

next tag Fndif Endif
Stall until the RSEncoder’s output TagReady flag is set

transfer TaglsPrinted flag from RSEncoder to DotGenerator
transfer variable tag data buffer from RSEncoder to DotGenerator
send AdvanceTag signal to RSEncoder to begin encoding the next tag
10 taglineType = 0
_ LineCount =0
While (LineCount < MaxLine)
Do
CurrPos.TagStateDot = startDotState[tagLineType]
15 CunrPos.LocalOffsetDot = startDotOffset [tagLine Type]
DotCout =0
Wh.i]e (DotCoumt < MaxDot)
Do
. If (CurrPos. TagStateLine == inInterTagGap)
20 Write 0 to FIFO
Else
If (CurrPos. TagStateDot == inTag) ,
Write (Decode TagLineStructure[CurrPos. LocalOffsetDot]) to FIFQ
Else
25 Wirite 0 to FIFO
EndIf -
increment CurrPos. LocalOffsetDot
If (CurrPosLocal OffsetDot > maxTagComponentDot{CurPos. TagStateDot])
CurrPos.Local OffsetDot = 0
30 CurrPos. TagStateDot = ((~curtPos. TagStateDot) OR
(dotlnterTagGap == 0))
If (CarrPos. TagStateDot = inTag)
transfer TaglsPrinted flag from RSEncoder to DotGenerator
transfer variable tag data buffer from RSEncoder o DotGenerator

35 send AdvanceTag signal to RSEncoder to begin encoding the next tag
EndIf
EndH
Endlf
increment DotCount
40 EndDo

increment lineCount



Endi f i ncrenent Dot Count EndDo increnment |.ineCount 1 5 SEP 20P WD 5 SEP 200
01/89838 -65 5 10 PCT/ AUCO 00517 i ncrenment CurrPos. Local O fsetLrne I?

( Curr Pos.yw8%asédigsedl ne > maxTagConponent Lbe[@rrPos.TagS’:@#ﬁ%ﬁ
CurrPos. TagStatel jn = ((-curiPos. TagStateLine) OR (linel I"'0))
CurrPos. Local O fsetLine = 0 If(CvnPos. Tags up- ine=inTag) tagLineType =
-tagLi neType Endlf Endlf EadDo The outputting of a single bit based upon
the position within the tag depends on having access to the appropriate tag
line structure, the encoded fixed and variable tag data for the current
tag, and the TaglsPrinted flag for the anent tag. Assum ng that these have
been appropriately | oaded, and assum ng t88e encodi ng paraneters of Table 5,
the generation of a single tag dot can be seen in FIG 58 in bl ock diagram
form 15 In FIG 5%&ciensntGuaPosbocDifsetkingdi agr am of the encoder. The TE contains

a synbol -at-a-tunema&h,ﬁgggg_ﬁg; ¥F_,139 size is 4 bits.
' QBEQ for a cc'%gwc)agg é}t

Each codeword cont ai %E"‘PL (g h of 60 bits.
Of the 15 sym bols, 5 are-ori E2EBPE S g =P e redundancy
bits (40 bits). Sinc& dEaeicd s rla| ns 120 bits of variable original

dat a, @codewords ar & CedusiTigdekelii@r— aTigpt al encoded data size of 360 bits.
The fixed tag data |§T§§mﬁgcq%gggﬁ&| ng the sanme Reed- Sol onon encoder.

The fixed tag data i so encoded Using the sane Reed- Sol onon encoder. The
fixed 20 data is constant over all tags for a given page (or strip of a
page if nultiple PER¥ are used), so onl'y needs to be set up once before a
print (or set ofEpibpnts). The unencoded fixed data is 40 bits in |ength.
These #® bits are encoded to produce 120 bits. To encode the fixed data,
the CPU | oads,b.he, into the first 40 bits of the unencoded tag
dat a buffe?gan Lﬂaéné?&% P eSO il ;48 deppnds uhavnpaccesiE the SRRERRERS i he
resul t ant i“?ﬁ'”bl“’fs“‘?"??dtﬁﬁ’é %Wﬂalbl“é daty fr e cureRtrta. wh dn Tegidrindddizg G the ouriritaag.

fixed tag MM¢MMWWWyWMﬁmwM&MWTﬂLS%M§& pne

page, and h!hgli’ﬁﬁaoteﬁ'éﬁsenm s@ﬁ%&m fixed 25 data is not to be
encod by S of t | xed data are, co d directly
t he f?f(sed ?;gg& y%?@%%%’ E"‘ q‘??a%ﬁ?‘ﬁ‘é“%é‘/fﬂ?@ %%S%ﬁsﬁbﬂdédmﬂn cdeoder
produci ng W@Bﬁi‘ Pem%lﬁg'h'aﬁ@b‘ﬂ&fpr aeprevid lopthton€ tite (Pf dha tl Hisym-

Tabl e 13 ‘tdrohae emalrﬂetg (28 big), 3ndUIQ @6 rdd@udAEyCHRE G80biis €Sifick B4cE ta B&akind) €20 B3R Tof v?ﬂaﬁe
ragReady f brGalidfia, 6&&&0@%@&@%&%&%@5&4&5@%@ @%ﬂ

I?gbggguentwsﬂpw_g Q:ﬁidéd#? gal;a sﬂ%nal LS. r;}gel v%ﬁf%d%g%[‘g ?Edmo

nce the entire
encod %p) %f? 3&?"’1‘9&@1’% $WW#M®1&§KF§°M,M@¥MM@M& to
stal | apprk?ﬁ’maaz{"élfoysetdfwnqw Gthupecein! faaiciaslis AGbio tn 1mgh (hay #iRl ¢ cabdaay z&ﬁr@&& 120
machi ne 59its.Jakale the icd AT PBYoad B fifeh BMil:NB. AR RS @R 'ﬂﬁtafméaé’emsg]ﬂak d}
buffer 59%skbDaddiadl Wiber bR ol Rl QB 860008 s e D st o e
signal is M&qunénwhmmcymﬁgt%fmmmm H e
g Q ntleastonepage,andmmostcasesmanypages If the fixed
25  data is ot to be encoded by PEC then all 120 bits of the fixed dats are copied directly to the fixed tag data buffer. The
state machine 591 is responsible for producing the addressing and control s:gnals for encoding the tag data. Table 13
showsth:mglsmusedtoprogmmthesta:emachmesm
The TagReady flag is cleared at 552 by the stat= machine 591 at startup, and subsequently whenever the AdvanceTag
signal is received at 593. The flag is set once the entire set of codewords has been appropriately Reed-Solomon encoded.
30  The TagReady flag allows external users of the encoded data to stall appropriately. )
To produce an encoding of 5:10 symb_ols, the state machine 591 gates 4-bit data at 595 from the appropriate half-line {ag
buffer 594 into the symbol-width Reed-Solomon decoder 590. A clock-data signal is supplied for the first 5 clocks, and
the inverse of thet is supplied for the next 10. This is repeated NumberOfCodewords times. 90 clocks are therefore
required to encode the entire tag data (6 codewords x 15 clocks). A further 2 clocks are required to skip over the
35  remaining 8 bits, thus taking the total to 92 cycles. The state machine 591 sets the TagReady flag at 592, and stalls until
l:heAdvmccsig:nalun593isgivmﬁ'omtheTE’shighlevalproccss(theﬁmetakfmthissignaltobegivcuwilldzpend
on the width of the tag. A tag size of 92 gives a minimum delay). On the first of these Iast 2 clocks, a WriteEnable signal
isgenempdonS%sothatdchagIsPﬁntcdﬂagﬁ?issctmthelstbitof‘tmadﬁ'omthctmencodedmdatabuﬂers%
{bit 121 of tag data). During the same clock, the 2nd bit of 4 is passed to the state machine. This 2nd bit, called
40 LastTaginHalfLine determines whether the tag just processed is in fact the last tag to be processed in the half-line buffer.
The address generated by the state machine 591 for the half-line tag buffer 594 is 14 bits. The high 2 bits select which of




the inverse of that is supplied for the next 10. This is repeated
Number Of Codewords tinmes. 90 clocks are therefore required to encode SERN
entire tag data 46 codewords x 15 clocks). A further 2 clocks are required
to skip W8 35 remaining 8 bits. thus taking the tot #ACVAU®DOENC| es.
The state nmachine 591 sets the TagReady flag at 592, and stalls until the
Advance signal on 593 is given fromthe TE s high | evel process (the tine
taken for this signal to be given will depend on the width of the tag. A
tag size of 92 gives a mnimumdelay). On the first of these |last 2 cl ocks,
a WiteEnable signal is generated on 596 so that the TaglsPrintad flag 597
Is set to the 1st bit of 4 read fromthe blénencoded tag data buffer 594
~(bit 121 of tag data). Dndng the same clock, the 2nd bit of 4 is passed to

the state l.hi I Ta nHa det er mi nes
LD LAt e, 6B 208 s Sl 5 S L ELERS LI 00,
_the hal f-1PKé&® gﬁﬁ# Eﬁ’“‘g"ﬂ‘ﬁ’é‘gafd*&rsw Bﬁé‘P‘é@‘@dﬂWtQﬁéeﬁaa@esmehlomlza@tlad&m
the hal f - | Fa7e a10aR3d ipeinferts caB0cle natil itdeshivped 3T esh g houdtedtiet m@meatmvmde@&s@h 1

5 SEP 1004@/@39&&8&&3@&?9}&%&&9&5 6@@%%%@%@5 @f?,%&’dr esspd

The ne 9 it

and th)esl O\flfletiyr1 3&1@4 ts ar use e er 6?“8‘{‘“3‘“6“@{9"(? 1&“29?‘%"3
shoul d be s %&%@?WPW@MMZ bit address
starts at @hcsahmmmm&%awm@hmmﬂm&m@m@mmrﬁzmm T][be

count e { NeRLBicRknlepis uhinklx ik, HIURNESTR0 AL oe OB R bl L REVERE
g rs'se

(road oo e Bk, Bl & o e T B iopi ”a%%wﬂéowmgmﬂm

addr es@él s TOF o badiae ipdsx o well prcpotensigfly roisting thie ﬁeLmﬁom itglf.- Whet inj thecfiosk halfof lhplibat(ted
and the | o&aﬁm@t'éasbneﬂmmctm @t haltiphelbuffel Wit alvhys bethe sebaddRatf 1o oNtloRNMak

potenti al | ymfly Afabsiglaaimbh@ 2%k & mm ﬂ?w&%ﬁaﬁ%ﬁ%ﬁ?@ dﬂ:@ow@kﬂxﬂ %ﬁ%ﬁb@ﬁ%&}mhe&,

for the nughgh: il ro sed far

TagLuuCount er ‘Sﬁciqear ed § vée?%r VT e dt@‘h %%@H“&WWW
state nmc hf’ﬁg"’f 7 Bphett bitypt SM%W S08't Rpfeissasber Eﬁ&‘ﬁ&"agﬂ TasViifth. |dpnowiing brtye vidne st .
Wien tHe TEEMrierasicosiement haifdind intby senes thegtevichd tlf-linef 2 wh hdvSHraked thel S he i@ n6l@ balitid NE

the new vabddes #bf i Béx: ok @ndtteforelvie € b 1865 IR Hirle b &%@H&Hn %@%&}%mst

t he TagL W foded hal f th
blte o?ngg%%ﬂ tgﬁgu&g'r%@ owsm%'ﬁﬁmﬁwﬁaﬁ i Wﬂ?tfflm i

second hal £t st This  si rrply means updati ng the
2-bit index. Wien imthe second half of the Iine (the |lowest bit of

TagLi neCount €Lobitol) , T NGpper DR 'Mmft;@ﬁq% IWEF we have
finished ppﬁﬁﬁm ki Ii e og  not vawe v% not finished
processingl the tag llm hi ghtet bt s Bt Tagt™M&®olinter don't match
ei t her TagHei ght or Tag dépendi ng on the vallue in 1p TEOri entation),
the next hpl f-10°ne i'§ thesxBame g the preéyw ous halNe1i1ne. ||l f we have
finished tpetag ITngg tie mextjhatf=tnegcores—fgem-trei next |ine, and

t her ef or e pe—use—thelpext—tag-line s half Aine bufter. Siphce we are
starting a_pew tag lifhe, the cdunter is @ eared 0 as Wwell. Table 12

shows the fél ati onshifp between @ d and neg count emoand hal f-1ine buffer
I ndexes. abl'e TZ at 1o do M CastTgotnft—ggrme—+sjset 20 Lo bit of

&f'

Upper bi t spof—€Carrent—tnadex—Nexg—t-ndex—o 'Fp-ecg.un.t_erTagUne@unter =
1 0 7]
Val ueVal uefcaunter?. t ag height 01 o 10 °
1 1 0 1 Yes
1 1 1 2 [Yes
1 1 2 0 Yes

20

Whenever the index value changes, the old index is kept and the FirstTimeProcessed flag for the half-line buffer
associated with the new index is checked. If the FirstTimeProcessed flag is clear, nothing more is done. However, if the
FirstTimeProcessed flag is set, it is cleered and the process of reading the next set of data for the next half-line from
DRAM into the half-line specified by the old index is started. The FirstTimeProcessed fag for the half-line associated

Y gignifies firsthalf of line

" don't care stats

12

signifies second half of line



0 10 10 1lles 1l1lles les Wenever the index value changes, the old index is
kept and the FirsttinmeProcessed flag for the half-1ine buffer asqdcEER #H
wi th the wgwissdex is checked. If the Fi stTimeProcessed flag,badosf
nothing nore is done. However, if the FirstTinmeProcessed fl'ag I's set, it
is cleared and the process of reading the next set of data for the next
half-line from DRAMinto the half-line specified by the old index is
started. The FirstTimeProcessed flag for the half-1ine associated 10 11 12
signifies flirt half of line don't care state signifies second half of
line WD 01/89838 -fi7 1 S S E P 2004 PCT/AUOCOD 00517 with the old index is
then set. The nunber of 32-bit words to {8 -read from DRAM i s specified by
the Hal fLineSize register, as described in Table 13. The current address
for readi nyith Byl ek i thmee: The niniberof BRI eads G Boredd romldIRIAM i @8t bShe HiLALSizE t
ihsI ]E)o: Nt i Negifir, i BgeribsaXd Taba kS, ﬂeicﬂﬁpttaﬁh:éaseforﬁﬁaﬁg m%'ﬁ}j:ﬁ?égﬁhﬁyﬁm&gga?m e
alf-l1ine “he re -ci.pat i at. the end. of the page. Since the
data is no@é@ﬁgﬁtﬁﬁ%@uﬁﬁﬁ%&%nﬁg&u Rt T et lgﬁ%‘ﬁ'ﬁ?g"%g‘?’ TREPES P or
mani pul at i PR Enoe s e 5@ sqrtie e gt fossdPigM™eThe present i nvention has been

descri bed Fible13 Refisterehmomanipolatng gt vetabledhtenbodi ment and nunber of specific
alternative enbodinments. However, it will be appreciated by those skilled

in the rel prent—i-elds hatenurrbwf—_-gl—ha_eubadu ] ) differing
from t hose spe%”n’fmficé'al Ly| descri bed, PioR| so fall wi|WPREPM%|spirit and

scope of tfESFE®sent | n{feerpupkerof dabcprohold inmgbuput codewordyi | [ besunddr st ood t hat

t he i nvent RéiGodaSySiBols! N T Rty STHOb R o SaphtigaeS PECT {g T g nbodi nment s

described §n the present,specification, including dpcunents i ncorporated

by cross-reference as abpraopriate. The scope of the jnventiorn is only

linited by[LH d {TeqmamRrgof codepropinecePPescri pt i onTypi 6al \fal ue

Dat aSynbol @cSimnber o & YDAQLtitiedin AT dPraHabeDdEVIOL 05

edundancySynbol sThe nurrhgamquerlﬁgggﬂggﬁmsynbol S in an output] code-10 ord
d f

unmber & Cod vc&bgic?Thc At codewor-ds—-—t-o—encodeb-glf LineS 2enunber of

32-bit quaptiiles in a -sfbftli"lsﬁ_’éh%ﬁa""\;s Rralomarsacott gt Hat alt o He | oaded from
DRAM codeSel ect t hi s bi t Fife thsdatz is mamiyropiedt a i s Reed- Sol onon endoded. 1f1
Conclusion

The present invention has been described with reference to a preferred embodiment and number of specific alternative
embodiments. However, it will be appreciated by those skilled in the relevant fields that a number of other embodiments,

10 differing from those specifically described, will also fall within the spirit and scope of the present invention. Accordingly,
it will be understood that the invention is not intended to be limited to the specific embodiments described in the present
specification, _including documents incorporated by cross-reference as appropriate. The scope of the invention is only
limited by the attached claims.




ear, the data is nerely copied. 1 5 SEP 2004 -68 CLAIMS 1. A print

engi ne/controller to drive an ink drop printhead conpri sing: ﬁgigg@z

i mge decoder to decode any conpressed continuous tone inmage pIa m%e
recei ved conpressed page data; a bi-level decoder to decode any conpressed
bi -1 evel imge plane in the received con%éessed page data; a tag encoder
to produce a tag i mage plane; and a hal ft'oner/conpositor including a dot
merger unit controlled by a coIor maskqf gupf fect integration of the inmage

pl anes and é ?rf) @ print engine/controller as claimed in claim
8 wherein % &%‘%F'%“ﬁ gl é‘ﬁd’fvﬁ”‘t‘WéIrT&rﬁ“hf‘aﬁﬁ‘ﬁ‘é"sﬁ‘ﬁane on a triangular grid. 3. A
print engi ne/ covremesk mage daggde fodecpds dnyi comprdssed qyntBuophienc dage fldnes it thgyredeim@genpphsane

i s connected t gagziata;nfrared i nk channel by which to place infrared ink

prlnted tagSI e oder y C S i-l¢ve eCi err i f €S
inclaim$8 V\/nerrhtél?rll& IQ‘E& ?%gggér%%ger%mgﬂu%%g%yﬁ@%cggésgtt e&t ggj ? S

for said tag i9ge plane. 5. A print engine/controller as clal med in clalm

11 wherein redmﬁgadhameﬂ@ﬁedbmagh&ﬂgepﬁe@dndsol onon encoding. 6. A print
engi ne/ contr ol Iaehalﬂoner/c

engi ne/ control | er encod“ém"f)’r 'f“h"df"ﬁ tmer r%\é}hovﬁirlﬁqé’ﬁf‘m'&magitg off iprgetiengf
data. 7. A pri rihe impagsivkegsaertag dglalplanpe. Chl p tointerface vmth an ink drop

print head Dya pibchdhelddur@BRS ke inlRBBAHerdH thed brSlacRAVE: 1aeGRRPSdnSdnRAGiang@ grid.
interface 36.}\ ggcfc%ﬁro{c?%%lalmgd 19 9919 5 %?e?e%qhegag%aé%pga%@? con%ctgdq‘(ganqni}l&rgcfi gkr ch%n?el b
n

out put a tag’i ecode any cont | nuous
tone i mage pla hl"r'?lafeH@”Fdé@‘é’f‘\'}%'dagﬁ'ﬁﬁﬁ?r%%@ﬁf page data; a bi-level decoder

t o decode “4Ayrithengingsprttollqr precipanedin glaimS whereit thelay weddr wardaag mpréshea Padeatindbiva; a
hal f -t oner / conpaigiag kgeplAnecONposi t e any bi -1 evel inmage plane over any

cont i nuous, I\Qrﬂl?enb@cgrﬁmlma@%m& ctlaﬁngll »Jhé?@rgr@duﬁh eﬁcodiﬁﬂgc&eeﬁ ShiHoR ERingr i ver to

out put the co

Choned paded Pt Pgatrwy s sPomls ais Mhrerin it wetrar sl erethyh e i e ace
at which to receiswethaiegfgressed page data; a tag encoder to gener ate a tag
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a bi-level decoder to decode any bi-fevel image planes in the received compressed page data;

a half-toner/compositer to composite any bi-level image plane over any continuous tone image plane or tag

image plang; and

a printhead driver to output the composite to a printhead.

8. An inkdrop printer to generate tagged pages driven by a print engine/controller comprising:

an interface at which to receive compressed page data;

a tag encoder to generate a tag image plane;

a contone image decoder to decode any continuous tone image planes in the received compressed page data;

a bi-leve! decoder to decode any bi-level image planes in the received compressed page data;

a half-toner/compositer to composite any bi-level image plane over any continuous tone image plane or tag

image plane;

a printhead driver to output the compesite to a printhead; and

a printhead.



