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From the publisher's point of view, the costs of printing and physical
distribution are elimnated, and the publication becones nore attractive to
t he adver WGersIs#ho pay for it because it can be targeted POTISENFSIT
denogr aphi cs and linked to product sites, Online publication also has

di sadvant ages. Conputer screens are i nférior to paper. At the sane quality
as a nmgazi ne page, an SVGA conputer o agkgﬁ spl ays only about a fifth as
much information. Both CRTs and LCDs have ght ness and contrast probl ens,
particularly WW@ﬁ“dWﬁWéﬁ?“t?ﬁﬁt“?ﬁ“%tP@W@mmthW%m@ﬁwm“6ﬁ”§épe?dmﬁeﬁﬁﬁmm“
refl ecti vediplateher a2 REGH: FarEDHSidEETIng RUb&EDG1ling afford\AEntQ 1ib8S8FBxpre@sion framinput via a

em ssi ve, dofpu®kdvda iaghthou@NMoSRAS fapek ﬁbcﬁmn%tbatderireghﬁn be SAIVIVARYt GBnt, Holz robustly

|NVENTECNerNQ&EaSH&W%3@§>hﬂ%ﬁﬂ&b&ﬂmres'des in a printed page tag encoder
conprising: an_in 0 receive a bﬁ&ﬁstructure tenmpl ate; an input

A \RHT e oy ’8“”? B EWRHTE S \PRP °£b| e
data bit revoirfgnationitev e nUoBID DS PRic cighg netistiedgyéigensridinksoutr et and agmaicallyl e
bits dependissaglizan position in the tag defined by the tag structure tenplate

and said fi XedFr@rm the %ﬁfhgler\éq{ofn@gfl \@w,dlﬂg @ost;- of Dufhi r@ra'ncnphygﬂlgdlﬂ%lltﬁg rr]xte fajn La@ﬁ armh &k

inclu th ent ta r

|t er foe ey B OB B S CuR Pl d Vil Sp BB B R Rreriae
cont one |Nﬁ@@*ﬂﬁ%ﬂ%@“ﬁﬁet are decoded by a JPEG decoder and they may be
scal ed i n the Osgihd pudlivaion el@nposiataitagesnCetbut€ GeitenisOdre iBfriod toNfafef) i AR thel Rdnte .quafity as a

bi -1evel iRAKe gauesmcomteﬁeeedeﬂaypaﬁryqbo@aqup aAnutrar%rmraaoh eao@l%@@gﬁr L@a @lavtt
al so can qD ﬁmm m t he hal ft.on nder,.Cco

unit. A pr e s abf' contra trproblc Cf Qamculag 86&6[’ (?e%tl trrs sltjrfrﬁ whr)c m onepr%&ef (Bel gCr%n tt?_/eor 11 er
serves to produce |nfrared data i ne by I|ne in step mnth 15 processing of
the image planes so as to place infrared ird: pnnted tags nto 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 ttne by a suitable pen
or equival 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
th.e 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 |ots 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 rs 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 physical printed tag structure and
whi ch dots are to be derived fromthe data. The data part of a tag is
broken into variable 25 and fixed portions. The fixed portions are the sane
data for each and every tag on the page, while the variable portions are
specified for each tag One limt case mght be that all the data is

vari abl e, but just happens to contain the sane val ue, thus making the data
effectively fixed. Rather than force the user of the print

engi nel controller (PEC) to supply data for each and every tag al ways we
allow the possibility of having fixed data for each tag. Exactly what data
is mthe tag will be conpletely application specific. One page may have
tags that contain XY coordinate of the tag as the variable data, and a
page id as the fixed data conponent. A page interactwe pen (or equival ent)
coul d subsequently read those coordi nates back fromtags on the page and
perform acti ons depending on the position on the page. A different page may
have fixed data over the entire page so that no matter where the pen clicks
on the page, the sane data will be returned. Another page may sinply have
gi ant tags over the page as a formof watermark - the nere presence of the
tag i s enough. The fixed data and vari able data can be anything - as |ong
as the reading application can extract the data fromthe read tag 3r'J and
then interpret the data it i s WRECTAFIEDTSREST (RIGLEIBE of the tag is
user-definable to enable different applications build appropriate
structures to hold their data. ldeally a tag has sonme structure to help the
| ocating software (in the pen) detect it) and sone orientation features to
enable the data bits to be extracted correctly. Finally, the data enbedded
in the tag should be redundantly encoded to all ow the readi ng equi pnent
(the pen) to correct errors due to dust, grine, dirt, reading noise etc. 40
The tag is defined in ternms of 1600 dpi dots to enable nicely shaped tag
structures However it |s not useful at present to prrnt data dots on to a
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t he readi ng environnment would be too severe. You would need at |east a 3200
dpi scanner in the pen to be able to get the 1600 dpi dots back agai n.
Consequenwioyoimosmg designer will typically cluster a nunmbePCDAUpH§ESLTal
printed dots on the page to represent a single data dot. This cluster of
pnnted dots rs referred to as a macrodot since it represents a single

| ogi cal dot, and is clustered together to ease dot detection and decodi ng
al gorithns mthe readi ng device. Since the Tag Format Structure all ows any
output dot within a tag to conme fromany data bit the size and shape of a
macrodot is conpletely arbitrary. The tag designer will design the macrodot
_based upon the reading and optical capabifirties of the pen. A Tag Encoder
shoul d ideally be capable of printing tags in |andscape and portrait nodes.
A single Té@mPﬁﬁﬁﬁﬁb@ﬁ?ﬁ@@ﬁﬁ%ﬂvhﬁvag@fnternalIy rotated by the Tag Encoder
.is one way of doing it, but in otWMMaARY BACHOBYVENGIGN nply have the Tag
Encoder read a Imsnefornommﬂmﬁrﬁgdeﬁmﬁa&dpﬁxew@ﬁcweﬁo&ﬁs@gave the bother of

rotating it oursel YRt flwgl%tj)}éee Lﬁagts%l{lsetemmatﬁ acenment of tags on a page,
pl acing_tags ma triangul id an on a rectangular grid in

terms oP ink usagea“I‘Tﬁuiaéhkﬁﬁlt%flawéf’rﬁxﬂléia‘%ﬁ"é al so conveni ent when pl aci ng tags
on an arbitrarily eurwedwvigdrdreeies varuble abighcoolsir parti cul ar tag encoder only
copes with rectangugar planes. Thus the sane tag interactive pen can read
tags printed o o
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page se Vera@low careadm%mﬁzﬁn%g?fé)(’%ocﬁrrect%mg c{up t%gdst gmgedlirp nozssgf_ er,
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printers i ntreenciopmmedtados enit@a @mgervdtroarhidpta Fit §upeseriedi bg a sngpohiaeabt Thegira nrgihicedm
hi gh-1 evel structure of a printed netpage and its online page description;
Figure 5 is a plan view showing a structure of a netpage tag; 'rJ Figure 6
is a plan view showing a rel ationship between a set of the tags shown in

F| gure 5 and a fleld of VI ew of a netpage sen5| ng deV| ce |n the formof a
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Figures 11 and 12; Figure 14 is a schematic bl ock diagram of a printer
controller for the netpage printer shown in Figures | 1 and 12; Figure 15
is a scheswdbpsdghock di agram of dupl exed print engi ne cont pairisgnsoend

Menj et O printheads associated with the printer controller shown in Figure
14; 2~ Figure 16 is a schematic bl ock diagram of the pent engine controller
shown in Figures 14 and 15; Figure 17 i.s a perspective view of a single
MenjetO printing elenent, as used in, for exanple) the netpage printer of
Figures 10 to 12; Figure 13 is a perspective view of a small part of an
array of Memetl7 panting elenments; Figure 19 is a series of perspective
,views illustrating the operating cycle of-3he Menjetl 7 printing el enent
shown 25 in Figure 13; Figure 20 is _a perspective view of a short segnent
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Figure 82 is a schematic mew of a formclass diagram Figure 33 is a
schemati ¢ vi ew Bfalg ickergi Bfaalacein&k omga&sa ede Apciadags bl QHan@nad dridiiSbefier S A KBdciatzular
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Instead of sending data packages to the print engine/controller (PEC) already encoded, bandwidth to the PEC is
30 reduced by having the PEC do the redundancy encoding. Specifically described is use of Reed-Solomon encoding, but it
could equally be any other encoder. The PEC preferably encodes both the fixed and variable parts of the tag data.

The invention defines a template that gives a generic data package that includes dots that are always off, always
on, 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 so forth. Tag structures might be stored in

35 associated DRAM where implementation does not involve fabrication of an all embracing chip. A trivial extension is to
have the tag structure on-chip instead of in the extrernal DRAM.
BRIEF DESCRIPTION OF THE DRAWINGS

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

40 Figure 1 is a schematic of a the relationship between a sample printed netpage and its online page description;

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



Figure 53 shows a block diagramillustrating the process within the dot
merger unit of Figure 52. 2d Figure 54 shows a diagramillustrating the
process Widwigokdse dot reorgani zation unit of Figure 52. FPQATO&GAS17
illustrates a placenent of tags in pomait and | andscape nodes. Figure 56
represents the paraneters used to define tag placenent. Figure 57 indicates
a half line tag data buffer structure. Figure 58 shows a circuit by which
to generate a single tag dot. 25 Figure 59 shows a Reed- Sol onon based
circuit encoding tag data DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
Note: MenmjetTMis a trade mark of Silverbrook Research Pty Ltd, Australia.
Tn the preferred enbodi ment, the i nventiof-is configured to work with the
net page networ ked conputer syster’r) a detailed overview of which follows. Tt
wi || be appréepeuprigiphsgternot every inpl ementation will necessarily ermbody
.all or even nodigues illuwetesspaiedtibr of nethede adrles ardlindhtegitteansieded sia dhegotissed bel ow i n
relation to thexlgla@ahs@s&aﬁﬁn&mvlmﬁgwew stfubt@e &Y Srin@MictpSze ARREMINRBMe deRripibs NOSt

conplete formt c r_external reference when attenpting to
under stand t he ngurﬁl(:gleslé I%?vt'eW% Q%‘%gf%&meg %f %9?% enbodi nent s and as%ects of

t he preSent |n\FégrﬂFlséfﬁpB‘b‘éer“’aff“B““gTFflabci“fhé’fbe"é‘ﬁﬁﬁsﬁ‘r“&‘he POt B ErT ¥d SR BT L he
net page sysSkieass empk deyise imthetombs evage pner f ace in the formof a mapped 3 'rJ
surface) that if@ireals[ﬁhy\;&h&afat%ﬁigaﬁ&emﬁ@de%ﬁg@oﬂﬁnreferenCGS to a map of
the surface maigy, é's%%gerép&n@v&&?%k{ d,%gepéyﬁﬁﬁs@socm&amﬁmé%ﬁd% GRCHR; can be

queried by an aFD%Bro nat e sensi H"% evice endi n [pg e speC|f| c

i npl enent at i on, "EHE SARPPIBrEPEATEEY "ﬁ%‘acé’ﬁb%"d"é VA*%Pbly or invisibly, and
definedQin suckflgafemlyatcbfalﬁtlcé10¢k@@a¥mﬁaeﬂfﬂwﬂéﬁlertfﬁéwm@éﬂl skoprp f“é@@es)ﬁiﬂ@wds an
unanbi guous maFguef ek epegchotibv itk thimuiddeepeypriagad anong different maps. The

conput er systerplgﬁé@zf@m@&mtnmagmhgremtot&Jhe@igw&ue.fo@ﬁwl@s on the mapped
surface, and s

refere
suppl i ed by a Sellga is rers\g/ll ée% portlon&fi\t;)\ﬁutrehl%t IF_cl)\vxnﬁHsect Surd%g‘%ceed ;P:].tﬁrégmcs le heel
t hus retrleﬂé@é@%an take the formof actions WhICh are initiated by the
conput d5 syst errign 1behaddfledofew bhie itpatridd dik, dmndgls pon el ptio efghe ofrerpdsopringr of
i nteracri onggiet N afdte;, WO 01189838 -6 surface features PCT/ AU00100517 In
'thm ﬁr IGL ?; gg . prgg[%mm & E;%he%%ceﬁ&%mgr}(“ eg%nﬁerec'oht%ﬁer Pcnpﬂlgngt?ag?gngt?rlégotwn m’%ﬁums 11 anqu
i mges printed BHedr Hl"‘ﬁ%?“ii’“cd%‘l‘iﬁ%?‘agmﬁ‘lj’f d‘\RFﬁCEPF“aW‘W CP’I“R‘E“P‘?‘?’["@P‘&& H“{}‘Eea%éﬁ"c‘ated
pages. | nf oviinte printer jostroian godedFigne ldach page using ink which is substantially
invisii@te to theukngi desknbidBRE dRYER of 118 Srint dhkine RHAVIRYBIwn indFidres I dnatibler eby t he
coded data) canyfig 560580 Ao B Rk LRILOR PR ARG LLANS B bt
t he net page s%sr}:tl%ml B Sﬁec r céfrre rrﬁsrac |lvenbautSteonsorarzlﬁlnﬁypeerp “L‘iqrpli;l A
on each pa 45 tpia! ch i cked vmth the pen to request information fromthe
nerivork or to Biugrdls  parsedcieve derce g sopad pagt ofrataryy pldesieiR mupting plenege  enbodi ment
text witten byridandisatrna onRispagevievs iRty iapraxa:knbyycreemmgummdarxamglelmm\s&mh ed
to conpy ery kgxd 3 N the netpage system allowng forns to be filled in. In

ot her enbodi ne nat ures. rec on.a net aut omatical ly
verified, all ovn\%’%de A gBErr'rsﬁeénve V'e”f‘?fé%é’ré%e enmfa’ia%ewﬁg%gmetﬁ Pafiye Cltaut hori zed. As

illustrated in W”@&l‘éafhe"’ét‘cﬁ’reivﬁﬁcaééfr%ﬂb‘ﬁ@% 1 can represent a interactive
form v~hi ch carFigye 22 is b boghaticryiely yf atpliger dssediaghot h physically, on the printed
page, and "el ecftlgumb@akche)ﬁaucvwafaq)ammraiaami on between the pen and the

net pagepyst em zﬁ;ggmémgm%gwmé}:,phcﬁiﬁgug%a ;07 M cont ai ni ng name and

address fields a. su e COI’ISI sts of graphic data 2
printed using ‘%’fe Bafp Wt‘cdﬁﬁ%?dj&céﬂe“blaﬁf‘%?g%‘ﬂﬁ‘% PHORCBY 938%™ col [ ection of tags
4 using invi si bfigire2Aik a scidnjaiés vipw of 2Jloqunt and prerrernaslyiv plasgdicetmscri ption 5, stored
on the net page mgtanik schifGlelybRSertuh@eénislispstidiehadn cRiseiapat s of the net page.

“In particular ifg, g%grgcpe%auctvn@o;axaﬁcegmgtsgaaﬂ;atakda%z%aga& (zone) of each
mterapgve el ene uttol{]atgrlnthe exanple), to allow
a

t he netpage sys@%’fﬁz?g écgwté”ie ﬁgaihﬁ‘l”glﬂb freBgn ¢! ®%i a the netpage. The submit
“button 6) for e‘?@‘ﬁﬁpéascmncalmz’eﬁé‘mmwe@mtP@raP@%Oﬂéﬁﬂ@agta@ the spatial extent
of the correspomnghasyisgtaqaictied of dgpeinhMedigtup dbsedlagiam; Fi gure 2, the netpage pen

101, a pref erregguteggmag)cgerﬁg{qugm;asfonglags\g\@aglmg, Figures 8 and 9 and described in

nore detail bel in.coni uncti th a netpage printer 601, an
I nter ne‘m connec?%cf wascﬁematﬁwem{ﬁé% ngﬁgasmlﬁrone office or nobile use. The

pen is reIessﬁﬁﬁﬁ466ﬁﬁﬁﬁ%@5?@%”?@éﬂF@FVmﬂF®H“FW€mﬁ€Tpage printer via a
short-range r adfigrd3p it sch@naticPive of rehqpidgeicpriantigram§01l, a preferred form of
which is shown in Figures 11 to 13 and described in nore detail below, is
able to deliver, periodically or on denand, personalized newspapers,
magazi nes, catal ogs, brochures and other 25 publications, all printed at
high quality as interactive netpages. Unlike a personal conputer, the




-7 PCT/ AU00/ 00517 95% of households in the United States, and cabl e nbdem
service offering broadband Internet access is already available to 2t) % of
t hese Thewebpsgas pri nter can al so operate with sl ower conmettatOns)s1but
with longer delivery tinmes and | ower |Image quality. Indeed, the netpage
system can be enabl ed using existing consuner inljet and |aser printers,

al though the systemw || operate nore slowly and will therefore be | ess
acceptable froma consuner's point of view |In other 'rJ enbodinents, the
net page systemis hosted on a private intranet. In still other enbodi nments,

t he netpage systemis hosted on a single conputer or conputer-enabl ed
.device, such as a printer. Netpage publi cdtion servers 14 on the netpage
network are configured to deliver int-quality publications to netpage
printers. Periofifeaf lsﬁﬁfbﬁnta%“atei"ﬁ??éexgﬁe@dd%fllﬁw ed automatically to

.subscri bi ng net Bage7 prchdmercyiey ote sipontediald tlisndpgamd nul ti casting | nt er net
prot ocol s. Perseghab'eZs@dmmmlomaqmtgn@ssag@gof-,ti,ﬂ,tered and formatted according

to individual uggr -profi).ese.. oA o Gan be configured to
supportsfny nun%gl; 39%92“ %?ﬂ V%rém A&%%Q% ”%ﬁw%‘h% nunber of netpage

printers) In th@g“&ﬁgfséﬂ”é’lﬂ VﬁﬁP%ar?égﬁfea“FVBfﬁma“%‘a‘i?ﬁmﬁ]ésffi%@ pen has a uni que
identifier. A hbucdhbhkehymayc viva vk rgovere idseiption dns éfgramol or ed net page pens, one
assi gned to eachgfeiekchdfaidviRe of bt List ikl agale] OWS each user to maintain a

di stinct profi 'ﬁgu\’e%ﬂaEcﬁ&l%@c%wkpahﬁtog%%gﬁag%b' ication server or
application seryer gistered with a netpage

registration se 9‘5’43Tf.ch??'g“ﬁg’feﬁR%ad“bf"é‘p??ﬂ%eﬁﬁfypf?f??"g payment card accounts.
This allbws e- chmrret e schaaypiirisy of ahgpefiak remesifesidiperamt hor i zed usi ng t he net page
pen. The net pagBgureagissthaticonwsailyeiincoipat ggobhe signature captured by the

net page pen w thgt@4@fs%%hé?ﬂd&lv}éw'cﬁag'éﬁrs@ﬁm@&néxloggﬁture allowing it to _
aut henticate th rce server. O her bionetrics

can al so be useﬁgu{M lsasm?mancvﬁwo%/“?mssi&nE/aemmpro °0f the net page pen I ncludes
finger pnnt scanfig¥rd s 15\?@?1%‘%“\5‘@1”?%“%&“%@%&11%?3 ERRetipnsperiop s by RetP s i ROl r at i on
server .18 t hougHgue 49 gbpaigarip Eignt @ntroliw@in thd edniext ef thepextadll pdtitec gitan stighuras t he

nor ni ng news papgkudMoii@tdles e Bkt edght RFEALLRAWE t Ccan be configured never to

del iver unsoli Cibf: hiiiie MR bhmal flcdio BE RLSLL B0 T ol QY el 1 vers

periodicals fr

respect) the nef'B&ga prrarTEhong mﬁfﬁlﬁh%%ﬂ)f*a}écﬂafé HUAel or e- nai | account
which is . visiBbue 58 oarmplophdinkramilishrating thdroockssno BvSe tidy mergeping piiitene Shunber or
emai | a2@ir ess. fguiet pRge: iDNEh BERARORY ptoRGd Wihi@ thEaE RorgliA6tunip@ ele 32n t he

systemis descrhgmsuﬁgtaa gacléméntafaglm tanngndkt aRgpage (UML) class diagram
A cl ass di agr am, o asses connected by

rel ati onshi ps, and ?feW)se'ﬁmrfd’%mbe’fml“Sé%tag? it #abeg‘e“ére of interest here:
associ ati ons anﬁg"g‘?éﬂé‘ﬁléﬁteﬁE‘H%fi"@r%d%"\mf&s%@ifat| on represents sone kind of
rel ati onshi p beriyesa sioly 2848 by Whickio ghhebtoesile iaigt.ances of cl asses. A

gener alzgation ﬁlgjl,eesbaewaqieéaasbloaln@eaeﬁamcan&&mgagdane understood in the

foll ow ng way: a class is thought of as the set of all objects of that
class, and class Ais a generalization of class B, then Bis sinply a
subset of A The UM ddETAHGD WESFRRTION QX HEFREFERREDARIMMEN o del | i ng -
i.e. classes of Ngé Mewmiegl'is Eadhnaglofilgerirk BrawnPtasd dvstrdst angl e | abel led with
the name of themn@edssredkinodiark, &He BSendonlid Sitig@dd td i Atk hé@ddée@&w&lfed Edﬂﬁut&'s)@t%rﬁ 2

separ at %?j f Ee%dtot@neuzao%m@%olﬁwbﬁ %1%” El];@i Atédral% nomg%ﬁ]piel!nea}atlog fwnllt nh<% % m@&d& glp§r

of the ass rom-t orlz

the class df"’é’b‘?‘ﬁﬁ"gth&mccrﬁ T%F?"S\?\b‘e“ﬂm%sfed bﬂ%"é? §FF°8n°s e ia g Sﬁseeﬁ’elﬁowﬁ’ﬁﬂe‘lefyé‘dm 5An
associ at i ondgsasibed fagvposhegmeletd fprdo pdyertiienggd forgytemd! spfrprog whep pieingsingio bngerftanth tap foptekt fmt
ei ther end whithhhetplarradehtiolipénts@idtapeddiof hdieesaasastibadpian The def aul t

‘ mJl tiplici ty ' SInQH& sumﬁgry %Hx@fcﬁreﬁlﬁmﬁ SY)the'nQﬂ]geCs%teﬂ% \)fvygyéo}nblﬂlr h@l’fat:eym ﬁé fomm%Q%apped

.e. z
and i's e% o) o?)c |that ’safﬁl 5“?15% éTel‘ g‘ Cﬁ‘ftw& é?f’ff oS t% ?-faap ?Y%s“'?aﬁeem%“ﬁméd b5 °°?’W5r syl

" correspondi B "&fraes can Aphaustid BY BRI 198 dexitceReradingipat Bytcite rrlisgisednaths B
("1 s-part - ofefejencesamagbd egcodhrt aivibly @tinvisible agigiginetjaituct a ven dat@focd {rery asiBOepRl sudfite hitlfe.
A general i za{ inbigh &k 3l RRSHE Botk wmn e )naﬂ Sa %a%ffaat a]ap%om qOrJiphtE}esthegf £h RGhrafa WO

cl asses, En}%gongggugﬁéngres%n td]rgemafgp(g surfacc a.nc{1 suaplﬁpamlgtr on ¢ angbc rltneved baief on 1n ep references

gener al at| diagramis

di agr aan affyPled By & seniipgidetre pgd w&*ﬁfreﬁ%ae%wf*ice T%%bfemlaw th}‘f faﬂea%néee 8& for pfactions

al | but thewhdis iwdiiated bxathe sehrpuech syslerf onrbelgifiof the dpratprgn wéperanto Wi irra@t’ ¢ interipuitresithaigl y
where it is defined. WO 01/89838 g 1.1 ~ETPAGES PCT/ AUO0O/ OG | 7 Net pages
are the foundation on which a netpage network is built. They provide a
paper - based user interface to published information and Interactive

servi ces. A net page con5| sts of a pri nt ed page (or ot her surface regl on)

o b - o o



Bach reference to the page description Is encoded in a printed tag. The tag
identifies the unique page on which it appears, and thereby indirectly

i denti fi ewotth®ogsege description. The tag also identifies ipGrHaAvw/@esition
on the page. Characteristics of the tags are described in nore detai

below. '~ 'rJ Tags are printed in infrared-absorptive ink on any substrate
which is infrared-reflective, such as ordinary paper. Near-infrared

wavel engths are invisible to the hunan eye but are easily sensed by a
solid-state i mage sensor with an appropriate filter. Atag is sensed by an
area i mage sensor In the netpage pen, and the tag data is transmtted to
_the netpage systemvia the nearest netpagé-printer. The pen is wirel ess and
comuni cates with the netpage printer via a short-range radio |ink. Tags
are suffccisgfelesml | and densely arranged that the pen can reliably inmage
~at | east one t agisewlmddimaheSéngl sgsteglrdlieson i phdvetopefgdd hukibn intgrachonpath, metpgestinat

the pen r eg@gggbszoete\t: hepiRaae lddges@medl@p&u&wpep but SMET Worid 1R QLB el wRB paWds Uit Den
page, si nce Interact] on Ta S re e

ta t
is en?gged 0?1 each aée %smgrn}( Whlsh su%st fa‘?l%r invigi e 1in eg Qurmax? (e)y%.[]'lgc r[]'l.g ?\owyever and

encoded_to na T eran 0 Surface page’ page
server wai HEEPg C‘éle‘lﬂ%‘iadﬂ’é’e 3P‘h%’?célt‘?’d@agf“éP”“é‘&(‘,‘ff‘f‘s’b‘ﬁ‘idt‘ﬁ%"de?f’é%Sﬁ%ﬂ@‘e al | owi ng

it to maintai nlathepskied germs@tve Ghitons @ -hgnghis ioe dack adgeiem be ghckedgiht thef e iddsguish
the page deg&hdipt fto@NhefnilvorR @Gl sigadl bidte@ildeshOd RRAGR servENR ohnBdainRitSHE PritlefyWaRRn & he
page descr 'fﬁ&ageqmumhﬁ%m? ?egc%xé ileR S AGKea t% H&Q ?e,xtﬁr( Lhm tﬁge ﬁ,ﬁ&P A0Gink B khoo‘é"ﬂnedrh

Fi gure 4. IS assocl at e e printer
whi ch punt 4°%¢t "g?f‘d“e“tf FERAEGWE P hE ar‘f@?aﬁa@é&eﬁ“iﬂ@%‘Fa‘]WBﬁﬁdéﬁﬂ%teéﬂ% e trapsaglions to
1~1ETPARE PAGSrely 2hozefag Data Content In a preferred form each tag
identifies the ase@ae ih Rigd, & frintell nePRA @ kSepreadich i@ nle @@ vhittaOe flidaad bylti@Gser

W thin the degh G, & thea,gm@ A0, lemnm% yif LAghRnictbh %Qwerene&@geﬁ afiheblfied S4LON
tag sensi ng}%@éw&?é‘% I A R R R
with the i e aré rarelarsipd visithein 4 cofed v fiprintHes seolsing! Hesvt wiss avbinikiige
refer 16 a cdesoiipt bandediptiche, sfegife nethaf@btpak) Eespide tivaydjvidho eleex@ Afthenetpage. In
i1 um nat e @Reula@i hidsdies %Q@pe mhﬁpatlmﬁ&t l(zranes BieadiORGacHfe RmbY REN ki ﬁéfd ordbuttdn i) thé\S

will be nore clear referred og wsach ta
cont ai ns an eas)i tP alfox the ngp %e systamto coneﬁt}év 11{terprett mElug }(ll'ﬁl &ee ne%ﬁl & ¢ Sibmi b% xlample 1t1359

det ecti on, Z%EﬁaWW’E‘IC&’FfSPa%dé fo&e spatiabexiqt Af theicoerpgrirnEaRBF fect  of any war p i nduced
by the surface rsfliuimyted ingFisge Asthangivgee pee®s. a pidfged fagysof phigf @ ri@bh jp Migutees tlded and
ent i r e2pagepscbitn A6redetll bfidwh @R td cym&mh hlt@m@tpggem@rl M, A hiaRgQehelidagtinib@piRRH
can reliabl X I me%molnﬁ%% Thg 15:[\9ugle f maafe se%g%vug lh%: lgek(pa gnn%epge\l/ £ sr%%gfangtlat

I's i nportant ?”ha en rec gm ze osit

i nteracti od®™Ri"PH" t he page, since the i nteractl on is statel ess. In a
preferred enbodhietntee prittee 601 egprdired Prowgfivbioh B stoay infFizfuey § e i e deghabed wi hdre daiail
entire pageglodmdbit helelrvegjemialcdnpoﬁae&dﬁdjpérsmanﬂa(enet@gaeds Snafaliek,2ht0dzE bBYGGIWNTLLS
with the pagfctibsai xtlrha@ aﬂ@gﬁl%uzﬁ%@ MeGlivE NGad-2GnADRSAR colnButé?thLeJetpage prmter 15 an

enbodi nent s CT/ A 17 the region to

refers can aﬁ%\‘aﬂcev%gﬁang ?E? M‘E%_"Ffﬁmnﬁyocgmﬁ“ Age& ‘ﬂferegf ﬁ%rf“ e I%%CO“T‘—*B‘F

exanpl e, i tineHH Sb‘tﬁll‘eﬂé‘FadébI%i‘fﬁsh‘a‘#%@ ngapighopeho rﬁp?lrﬁﬁfélepa@{rq fefélleéwelﬁéﬁwomeslﬁmvmpmh
case the relgslktompdr@lecaacrnnmhmrcetstohsy identify the interactive elenent. Table 1-
Tag data Fiel dee@fgl:ssler@d ththetrsaoﬁegi BRuhgad0Ra8ind M 65d-292 4F Qhpal it OndAfedinet:3@a

cont ai 1 %% ion, typically allocated as shown in Table 1.
Assum ?g augreé%(c%w o lmleraﬁvemng? of 64 per square inch, a 16-bit tag 1D

supports a regi‘of°¥t ‘Eg 1858 2 fipnetrepe PRI ‘%‘ﬁ'ﬁﬁ?” thefedsedata op arifes repisgy| Qﬁ‘ﬁ%"m@é‘ﬁca‘ﬁ%
mapped contvarustsdnge g kng G the) imgscimdd nuptobdy @ritteahd Dinger QT feds ¢n ingeraproh §p dpyrelerait ng
abutting regbRsganct: BHSaterpldi@onl B QAppRiphiatec@@h@cet, e glgt GWE soAds :03RPordng Message to
"million tr ::ﬁgh%aglgl ch.ll:llgule éoﬁ@e rg(L E%}( ? ne{t)pa%eeagplh aﬂ& sgrQGr l?’? Thlenzlpﬂléa%l)y se}v %% } fl".ll'ﬁ gend

1.2.2 ncodi tag data are redundantly encoded
usi ng §g( 15%PEY Wﬁé’@ﬂ*’”@%‘f%‘ﬁbﬁﬂ“‘?‘f‘ﬁt&ép“"ﬂ us yi el ds 360 encoded bits consisting

" of 6 codewor ds T6f nelrggesysimt is anpgpironsislergbtycinore Tneeniért B thes preferesd] embpdimenhgy bgnet wedSn
synbol err abGunttion Kien hipbhpe@ii@ahle@@ihechnide Werkl )MAMSP basdd tinkjetSME1fbtRY priters. Gh thapreyttn Ol
error rate tg'f'n o%'ﬁhsttééhn%@g@ nQI@Jvelg ﬁgﬁs\ﬁgﬁ gnd h%ﬂﬁvﬂ.hé plt?rhI'A 9 %E@%ore'a&or«gaﬁp Eo%xﬁmﬂe%dln AN

Pt er caved GO AT o AL R e SR S0 PR T Bt Er e (S
error eci?f H?jserFFscH“f'}Fdé“ heetor @Ibptysidsl Parrddprethes for @y nerigatiy e cufR A hAdEnunber
of synbol s overTt beipagsarimer piphitsTeraraving beilabitify ofyrordiehdintpriret areys. Oadle s dd evvonleble o

t hus maxi nusing the |ikelihood that the burst error can be fully corrected.

1.2.3 PHysical Tag Structure




The physical representation of the tag, shown mFigure 5, includes fixed
target structures IS, 16, 17 and variable data areas 18. The fixed target
struct ur ewvoabi/sdwssa sensi ng devi ce such as the netpage pen POI/4EI®@USIT he t ag
and infer its three-dinensional orientation relative to the sensor. The
data areas contain representations of the individual bits of the encoded
tag data. To achieve proper tag reproduction, the tag is rendered at a
resol ution of 256x256 dots. Wien printed at 1600 dots per inch this yields
atag with a dianeter of about 4 mm At this resolution the tag is designed
to be surrounded by a "quiet 25 area" of radius 16 dots. Since the quiet
,area is also contributed by adjacent tags) it only adds 16 dots to the
effective dianeter of the Iag The tag includes six target structures.

det ecti on r¥fgt hosseigidp Bl Vriked S'aesmad fible B seevice oferingivtopdpy m&@ﬁ@?ﬁ”@ﬁé”?ﬁ&mb

. The ring i stosy ten Tetemede plirec oo sle dpdratd Gthslovea tangrihs| tpt withiaaedr dafiteryames dhébause
a sinpl e COmkRGhadiPndedd, thdrBpRS PG call BelehdBled QNP Y@ EngRBSImeAhkjet 0 1.0F frRek Sutdhigh the
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distortion can hide the axis target’s axis. The axis target’s original rotation provides a useful approximation of the tag’s

35 rotation due to pen yaw 29.

The four perspective target structures 17 are the last to be located (at 30). Good estimates of their positions are
computed based on their known spatial relationships to the ring and axis targets, the aspect and rotation of the ring, and
the rotation of the axis. Matching proceeds by applying the ring’s normalizations to each shape’s moments. Once their

40 second-order moments are normalized the circular perspective targets are easy to recognize, and the target closest to each

estimated position is taken as a match. The onginal centroids of the four perspective targets are then taken to be the



5 1.5.1 MenjetT*~ PrintHeads The netpage system can operate using pnnters
made with a wide range of digital printing technol ogies) including thernal
i nkj et, pweznsbssstric inkjet, |aser electrophotograptuc, aPCI/avénz0s17
However, for w de consuner acceptance, it is desirable that a netpage
printer have the follow ng characteristics: photographic quality color
printing 'j ~ hrgh quality text printing high reliability |ow pnnter
cost lowink cost |ow paper cost 15 sinple operation nearly silent
printing high punting speed sinultaneous double sided printing conpact
formfactor 2~ |ow power consunption No conmercially available printing
technol ogy has a!! of these characteristits. To enabie to production of
printers with these characteristics, the present | icant has invented a
new print tPEERHSTER BFert ¥d Sﬂ%ree?g‘ﬁ%?ﬁ‘@tmr‘aispf‘%cﬁﬁé’r BEY e R et MRy

. dr op- on- dermamrtmi #i efertddeFRPRehyr sblking thd vl ordorged testiopargeting it Fru2E-spacd e hesed s
fabri cat ed sptsd fagt paiesCr oel ect r omechanctal systens (MEMS) technol ogy. Figure 17
shows a single printing elenent 300 of a MenjetT"" pnnthead, The netpage

wal | prigter ingor tes 168960 printin elenent 300 to

bageni dPh dup! B PP S1e B HOEF ORI B 020 T Pe e thigaht o,
yel | ow, bl dels sraradntt ikgeapaetivlien kis ralsvajigs] ppsiias is yeep dor bilmepriy infeivgpieft hle fovrkeelevant
fixative. TRhjecedpikentih Bgingt nge The BEOudyomipPd ioxde Fekteld2! i l6d trithe:EholA Se te@n @ phyucd 2
m crons W de.s.Abif Aks30f these printing el enents are fornmed on a silicon
substrate 301 that incorporates CMOS | ogic, data transfer, timng, and
drive ¢gircuits (not shown). Mjor elenents of the rlntlng el emrent 300 are
t he no§9I e 3020t Hb34¢ys pis 37 f“ﬁ’ﬁ" Boybtanprein ey, %p: é"a%r?é%élf 6BpUReed-olomen qqfegprgs s
seal 305, tdeeded (rk38¢ leaiald @) derddenb@(FO, or 120 @echded/téts ingamh NB© Tyt tie la@leverat symtels are tamgledon
beam pai r 3Q8worl §@r, BASS bodkoRCAUAN Gy 26N PBIakrinSRe sBiing frd2@s act 1 ve actuat or
anchor 310, the passive actuator anchor 311) and the inl: inlet 312. The
active actuator beam pair 308 is mechanically joined to the passive

act uat or beam P4%iiPe ‘%"’ledi onpy i}t g proap gt ‘h%ﬁigﬁ"”t?é"dﬂ"ﬁ““ﬁ'a? o &e ipege g%ﬁ‘?&‘ﬁ%?‘ét&‘eéﬁg

t hei r réspeatiindds prtci @ compisiervesif 8 t@nplam the Fnbt foTiH endoombifiiatiicotd. dfn el BIRNit®: is
308, 309, 3dOrdedFlthe ancht B3R, EohMiQuabaidedsdiguohe dnishant 4 ahhemmnakadendw 193, an

act uat or 3%Qemaé@stﬂegﬂmlvésféeem%eaa S8 chrc @l Of @n array of printing
el ements 300, 1ncluding a cross section 315 of a printrng el ement 300. WO

01/89838 -16 PCTI AUOO/ 00517 The cross section 31S is shown without inl:, to
clearly show t His obtpifed fag Kasg indBaigs theridentitgnd §ig eegtont dantaininphihettdgandsthd Hogittm of teftaswvit§@ the

Fi gur e§019(r6g)o,n ASchjateapagtioh 91 & fthe HEOMY ih e rQ@PE rakdling the yetad ofdhtatin BsT)tRtpdn, ts then
printi ng el ;SR M &QQom the Ecrégéc%rtr%sfgt%(ﬁ)obsm\% thb BE anﬂ%e%@ﬁah@%ﬁﬁ&éhﬂ%etg&n thbe

i nk nmeni scus 3 Slcgms d&e e§) pcgll g an ink droplet. Ink is retained in

nozzl e charber hsion at the inl: meniscus 31G and at the
fluidic seal" 25?08 ﬁf’r'ﬂﬂ’d bet ween the nozzl e chanber 304 and the ink channel
rim306. \Whibe@dira trgtrespley,in £ rhgion Bp, ia v [ ard 2GR perctishstormy. Beliors the tap I ¢ theliag-@latve om
the pri2st epgiRRioC@Nbd @hslaRl inb & abddBtc GOKiSEG hin BE lagdtd BEhn e TocRboL£BB L) whniliCh@Sn

t he dat
acfuaf‘o‘?‘ bg‘glg]st Qeg‘lifn{_ng{ %é} lp %Flegg}r' gtagt xgag darﬂm\ét?on %‘191 rgapsee?ighrt%qﬁ%l ael;géed(?erglog Be‘i cc%gpondl%g
1ocat10n The tag map class dlagram is shown in Figure 22, as part of the netpage printer class diagram.

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

tag map.

The tag map for a region must be retrievable via the region ID. Thus, given a region ID, a tag ID and a pen transform, the

tag map can be retrieved, the tag ID can be translated into an absolute tag location within the region, and the tag-relative
35 pen location can be added to the tag location to yield an absolute pen location within the region.

1.2.7 Tagging Schemes

Two distinct surface coding schemes are of interest, both of which use the tag structure described earlier in this section.

The preferred coding scheme uses “location-indicating” tags as already discussed. An alternative coding scheme vses

object-indicating tags.

40

A location-indicating tag contamns a tag ID which, when translated through the tag map associated with the tagged
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an electrical current to pass through the beam pair 3D8 for about one

m crosecond, resulting in Joule heating. The tenperature increase resulting
from Joul whheiz9sisg causes the beam pair 308 to expand. As PHEAYAESISIE
actuator beampair 309 is not heated, it does not expand, resulting in a
stress difference between the t,vo beampairs, 'This stress difference is
partially resolved by the cantil evered end of the el ectrothernmal bend
actuat or 320 bending towards the substrate 301. The 15 | ever arm 307
transmts this novenent to the nozzle chanber 304. The nozzl e chanmber 304
noves about two microns to the position shown in Figure 19(b). This
-increases the ink pressure, forcing ink 3%I out of the nozzle 302, and
causing the ink ni scus 316 to_ bul The nozzle rim 303 prevents the inl:
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. As t he t enpeieldthgloetiqufof thiygsn b@@rﬁepﬁion-§h18i®8m\aih@ed3®®te@fm§d13iloz%lSI} of thgen zetativg gptagiper
320 r et ur NS inteffack kiSmedt in Ghen@de doOShitnl BRciateckhing @i rebfoni Mot bRe ishiieak-i0drfice @feménh @self Nk

dropl et 317, {580 duhSiolaih :ddde tb B Lst&qmmzczeieﬁen&b?d@;mﬁgd Lo@a%mm@emg s ek BT oBratly
19(c). ﬁge no t he surtace tension

of
at the meni é“c?&"ét“ﬁmp%mgg‘“éb“’r‘%e ‘b"agﬁ‘o“\‘/\éc’“ﬁgf aéa‘#elﬁrt“s” 1l‘“'“’f“e °|L?H‘f“ft| ead 350. In a
netpage printer) the length of the printhead is the fuII width of the 2 'J
paper (typi ealobjet-iRdinggg chrituirk b &g 0D waie diredlly Bbndifies Ther Begre flimesthho W plgSdefbrigiom

| ong (about as@ocgtu/ﬂ Ofh R &@dﬁ%ﬁ&@mg@ il 4 REAH e uW‘ﬁt@rfa@J élemex'xt ncgmlgt LR RE ce CiEmert,
moved past t gthe%%?:dep [u:aln an aregore delsEm 1shq>le g%e%tl u?clpcannﬁ;[a%s do n%? t}grc}oze supgorliqhe casp ure of

rows of intér r|n

types d0 i nro LenbisiveeRithp ey ‘I’?ehGiW?i’Rr f“PH"éfbs” C‘ETE of al'iﬁla‘HF Bft“é’étf‘ 5 H‘@g fsr“&g’PSl'”é“ %P“I“&ce
of the printihwacy durds bgceoipen@tnesh fag eaaayz ihe digplacemeht Vierh ere s880d ps pesttibao e dext 0
the print heagn30uesidbabs dkigdfddy cck@fine€ach nozzle 302 there is a
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pen 101) which
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ernore,
captured as "B%¢E isﬁ’ﬁ*bﬁ?p?fh‘lkhaé‘d‘f‘%“@ldlsow say, the full dynamics of a
signature to be verified. The pen determ nes the position and orientation
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Whenever the pen is within range of a printer with which it can

comuni cate, the pen slowy flashes its "online" LED. When the pen fails to
decode a wonokssgel ative to the page, it nonentarily acti waiTesuaotossi7error”
LED. When the pen succeeds in decoding a stroke relative to the page, it
nonentarily activates its "ok" LED. WO 01/89838 -18 PCTI AUOO/ 00517 A
sequence of captured strokes is referred to as digttal ink. Digital tnh
forms the basis for the digital exchange of draw ngs and handwiting, for
online recognition of handwriting) and for online verification of
signatures 'rJ The pen is wireless and transnmts digital nmk to the netpage
.pnnter via a short-range radio |ink The t'Pansmitted digital ink is
encrypted for privacy and security and packetized for efficient

transm ssion) but is always flushed on a pen-up event to ensure tinely
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stroke. Theggaticdhd asdlobP@ightix. i dentity of the particul ar page and

associ ated interactive elenent to be determ ned and an indication of the
relative p05|t|on|n of the pen relative to the page to be obtai ned. The
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DNS, the pagely loBsfdficofputelmenst r oke i nto the network address of the netpage
page servermil pl’é‘?tl'l'eﬂ For & kHB tnddn ik, atteﬁ&lamr # espiaeihi heiPRGEnsiaktS o ARG @gsh the paed to then

transmts the stroke ta the page server. |If the page was recently
identified 'il;gﬁﬂ n au 2 &?agke then the printer nmay akeady have the

addr ess of fﬁe reI Ebﬁrﬁ?@ B8 Server in its cache. Each 25 netpage consists
of a conpachk peeured szpmmmenm TP3RE AR eonsisissHf @rfisiijutdgysetzof mespagranies pree L& epmeey
(see bBOOW) regiskiaen page 1haypigt v efvet 32, napagbipaiehisn suek 18 SethpagBig)tiol enks 1an6k

pi eces of t%Lgep,l;ryegls@xacl)ﬁnycteﬁhggmoﬁll§s@waﬁﬁeexnt%t tNeRsiRAge network, Wen the
page server receives the stroke fromthe pen, it retrieves the page
description to which the stroke applies, and detentines which el enent of
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a netpgge page description: hyperlinks and formfields. Input through a
formfieldﬁan aIIotrl er tdoe ac#égatldon f an z ted % -
1.7.1 Hy per nﬁ?zige sF{veb ocHt&s I c'_bumglt Brflan d)i‘Oﬁl (X agcmé 8 (e servei;s vhﬁtt«;é
appl i cat i onaloggid sgherpsi cal ly elicits a punted response in the netpage system
WO 01/89838 -i9_ PCT/ AU00O/ 00~17 A hyperhnl: elenment 844 identifies the

appl icati OnAZJf a)ﬂ%ﬁz!%} uﬂ@ﬂ%t@%at @E&zbu\é@ﬁ&n@@ys@:ﬁn (ﬁlb@ ohyﬂ@f lo'r@&iv& aﬂetﬁgblpage II]%CE}A'O the
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whi ch 38ks the syst gngzig de P?ﬁl tiser s’ a 5Ip|gca ionh alias 1D 65 in the
hyper | i nk actlvatlon and a descaption which is used when the hyperlink is
recorded as Aaetﬁaas\ﬁgmit:a@oroﬂrveﬁwapp@ra&r ghithrhodishigeragse réasgelprditadmmy A ndtipge daltioatipr semdg 14

el ement  cl agsn Ahg6RBEHdr S/hisHHOdMehed Bipdet @rli@ntsAOnetpage printers. They are described in detail in Section 2.

40 Netpage servers can be hosted on a variety of network server platforms from manufacturers such as IBM, Hewlett-

Packard, and Sun. Multiple netpage servers can run concurrently on a single host, and a single server can be distributed



When a hyperlink is activated, the page server sends a request to an
application sonewhere on the network. The application is identified by an
appl i cati o dBegsm) and the application IDis resolved in theravogelsinay via
the DNS. There are three types of hyperlinks: general hyperlinks 863, form
hyperlinla 865, and selection hyperlinks 864, as shown in Figure 30. A
general hyperlink can inplenent a request for a |linked docunent, or nay
sinply signal a preference to a server. A formhyperlinl: subnuts the
corresponding formto the application. A selection hyperlink submts the
current selection to the application. If the current selection contains a
.single-word piece of text, for exanple, thé application may return a

si ngl e- page docunent giving the word' s neani ng within the context m which
it appears) %f? %‘“P?éﬂ@f‘%l?‘i“ﬁﬁ‘ 9t 18 Lpeiipiiperesiitd P BPaRT AT e RHERIYE el pe
.1 s char act emiozigad bhthe Whatver janlf tgprmag tsron cingissepravidddalgecton & hepageppilipfrcatuéhon 2 nelpige
The corr espengi: g DUPRF disikioh, REhaneLnBlZ. records a transaction 1D 55 which
can be specisfd ¢ to the page instance on which the hyperlink instance
appears The transaction ID can identify user-specific data to the

appl i cat i on)Tht GPEE RAFHPE I “%"H%Bj’c?ﬁ‘f%‘@’%“&%‘fmd Y S SHRE Y HLAE AL Q8P Ealof™ai s fad
by a pur chadglkmred 2pph subsitiition Eeh pipeshkeb f unidue privgsr IPs@yrand B-coniygied toyistnetpaed mivbilidies

t he pen's cukt@bluciSeherkhnd e Ga 4 Bos@aseb@&tidnon hyper|ink activation. The
system i ncl udes the content of the associ at ed forminstance 868 in a form
hyper | i nk actlvt|9 aIthoughlf thelhtX%) |qu1< has ts"st e A
attnbute set P ORI HFHEE 8P RCE EHR M A B SR ST BR ”%m?sr‘}c?efﬂi ‘Hs"ﬁ*ﬁé *
syst emTiGncl G’Hé%”&ﬁﬁlse‘fnfeeéf’t I eaetverk 19 i cqaiey - Neipages Fundigroeiprpciivly agieshipage g e withithe A
hyper | i nked hep ahp diSbitell setpage gazouPerelopnepbdedl3 8f pehduimefp@spranrsassoci at ed
hyperlink, as shown in Fi gure 31. Wen input occurs through any field

el ement in elpgﬂteﬁ re(ﬁewes yug cnber! %L}igcur?‘les ?s%%xln%gtgage %)Mbltlcnlopl servelg 1? L%ch ds c‘ﬁlment is

acti vat ed. ?1

with a fiel dhse%/m% ingto party: He@eebgww |2pd tReAqtual fegigndymagg SRigss Wﬁ!ﬁ*b@ﬁﬁhfﬁ@tﬂaeﬁ B%F‘ts‘h"f
the "sui t perehdliadionabdss lajour @e obicatly fpeaifim thy patichlirykbscribep angirso wie deint@o it thanautriver's
i nput to an pARRlviaGetdbREhiad fagCRRer! NArLE M BRcdISEMe bifer SABRQY hpiclly’ RlRAGKER @@&d’

|t eract i on JIRAel uj oSy nISLS o UBNAel SoRAPRIE.EG, M. fSLeLor e shared as

soon as it occurs. or s s 'a collection of related
input fields used to capture a related set of inputs through a printed
net page. A flot reivadelpghlisation sereee ptingesgigtspaimentaiprect gecugt eontprd infprneiniessts ad grulippsts. After
appl i c@0 on r&aiit iR peint k@O dadfiinEntl PakeNFouB thabriR @ kvo@k whidh mhiBEabtd) if &9 fo s®n @. gr oup
el enent 838 in the docurrent hi erarchy It ultimately contains a set of
termnal field el ene ormins ce 8 esent rinted
ot ance of WG RY TEORLI TR P K 0 A ST RGRE 0 PR i
correspond ttsdedeentj el d el enents 845 of the form Each field instance has
an associ ated val ue 871, whose type depends on the type of the

corr espndi M@l frin®} r@teﬂemﬂ%ts Eeﬁ@uﬁ e'fle'n gledl s%@lkahk@usfy%@%@ﬁles‘oﬂtﬂ%eet B Edﬂ!dtgshduﬁexed print
particul ar pr| nt egonfero;&p i nst an nore printed

; 0
net pages. THET6YR ¢f 458 dI'ag mes hmlzm@ﬁ tr?nnglﬁad%l%(?%’r @ﬁpurpﬂﬁ Each form
i nst ance has a status 872 Whl ch i ndi cat es whet her the formis active,
frozen) subriihé pr@dhg prworsshomBists €)Xy de@ahled AadeD raserizgioad pagy desahiins, firid e:@tnsipr dndiprdthg oA
form beco meq;age 1RBNTHREE: imhge IpfceSbidRES condhis§ @ 610 obee@ BE:Rar S B 761 ﬁﬁlnn@ RCSraN EnOf

its \@a 01 d8 ]igexedB prmt%ngrt;l conlrcﬁ%M\sr% %IZS%om p;t%gz]ss 1S wﬁgh Cf lfé.pde 5 !h!:rrallﬁisp hp ge unages in r%l t]gmer m

activated, attri

beconmes voi dy‘%ﬂH@W"‘i‘H@ ﬂﬁgtefa“qnﬁ%wefgheads WH]CB”“IEQS‘FIPFIS reset formor duplicate

f orm page cdivnernept engilefl éor Fipentipd reghenbtiemto primgtags nsing IR-{peorfiverblreNisisalthragnihigrestricty wgs
exceeds the i anavis chfesdal drad pigt. a@lougBuch YWaks!héve 1id@ 1@k MinétiSnaf thhiIR.priftdd hakes B
is allowed. &38@&&%@@ a formwhich is not active is instead captured in
t he ba roun el d 3 of the relevant page instance. Wien the formrs
active frozen, formsubmssion rs allowed. Any attenpt to submt a form
when t he f orArmdmsal peteseapsintprpantoretpfigesopahects of mapsf dorcespkcialigpdneipies Pinieet Te Pt prio aeie
form st at us speipiged surfabed Glith bOfdiRsi M A& uppGts &6 CiediirReh tfpatand@Ypotl at 1Bastafidytad tOIRgN
i nstances depygd midﬁl&E@tiO%ap %oha& smfaewpdlmaagqn @m %luemeéahb%;tertéum@s&ﬁgm%aﬁmem |

but the | atest versi n a pen excl.uded
from a sear Cq_lnt %ﬁu%n&eclmﬁepsu sociatésc; Véltg Ft) atljilgcé.t enta sso étlthe dochﬁnPst rﬁs(can CorrefLP nterpre ed873

consi sts” of a set of tinestanped stroke groups 874, each of which consists
of a set of Bguglletlovstticokieme Bifbr cldsadiyrasl witkidg ponsicited infpfmafonsra@intadéd by a registration
ti mest anped pen positions 876, each of which also includes pen orientation
and nib force. The digital ink class diagramis shown in Figure 33. 15 A
field element 845 can be a checkbox field 877, a text field 878, a draw ng
field 879 or a S|gnature f|eId 880 The f|eId eI ement cl ass di agramls

. o o N "



A signature field has an associated digital signature value 883, as shown
in Figure 37. Any digital ink captured in a signature field s zone is

aut omat i cabloy/sysssi fied with respect to the identity of thecrwer/wmsi7t he
pen, and a digital signature of the content of the formof which the field
is part is generated and assigned to the field' s value. The digital
signature is generated using ttte pen user's private signature key specifcc
to the application tvhich owmns the form Online signature verification is
wel | -understood (see for exanple Planondon, R and G Lorette, "Automatic
Signature Venfication and Witer ldentification - The State of the Art",
Pattern Recognition) Vol.22) No.2, 1989):'%A field elenent is hidden if its
"hi dden" attribute is set. A hidden field el enent does not have an input
zone on a pHHE 'AMdPedEREe K™ accept input It can have an associated field
.value which is included in the formdata when the formcontaining the field
i S subm ttegdprefeldhioM@en: FQRTBIA rintG GRS i fréateKRtadl A SQHGEDeibW) HittGat koo Figures
del etion) can, @ so be recognized in formfields. Because the handwnting
recogni tion_algorithmwrks “online" (i.e. with access to the dynam cs of
the pen®nmovhient )Y PeiHel™MeAdh "of fline” (i.e. with access only to a bitmap
of pen mar kThagghage systememyerarataetannptes padhwis vile soge ot didfitg) prntipatieckmlogds drclidinadiegnal

wi th rel ati ugbtypiehieigdiricakB e} ropoloiaptit, aftl dtters. ERVeva RN efturmblaabibhd gt ipRtasRe A

wri ter - depepdent,  REGL 1 9f me o RnPHuBR838. PCT/ AUO0/ 00517 -21 handwiting is
aut omat t cal | )ého%%n%{rcg{laﬁ?ﬁﬂiver time, however, and can be generated up-front

if necessary, OrPRE,) ready stated, consists of a sequence of
stroked0 Any higk puallocexipinels starts in a particular element's zone is appended
to that el embightelnitygi tal ink stream ready for interpretation Any stroke
not appendeddQnaf.Qbj ect's digital ink streamis appended to the
background f ilo%li 'Cgstdi gital ink stream Digital ink captured in the
background field Ts interpreted as a selection gesture. G rcunscription of
one or noré &BjPaELSEtis generally interpreted as a sel ection of the

ci rcund®ri bedmplbjremtios) al t hough the actual Interpretation is

appl i cati on- spagdibit ginting ~ Tabl e 2 summari zes these various pen interactions
wittl a netp 2 - Summary of pen interactions with a netpage

hj ect TypePe%g?%nﬁ%?%!&%i onHyper|linkGeneral CickSubmt action to

appl i cat i ot FSPHENPEKSEBAE P182m t o appl i cat i onSel ecti ond i ckSubni t

sel ection to cegypt fooaedconFor m f i el dCheckboxAny markssign true to

fiel de20Handwibiangoanmeit digital ink to text; assign text to

fi el dDrawi RGDLOLt Ak, AAKASHAEE e dhe! Bl anloPlesd udd@LAS gnat ureSi gnat ur everi fy
digital ink signature; generate digital signature of form assign digital
signature to fieldNoneC rcunscriptionAssign digital ink to current

sel ecti on TheRlyePwyctpnciiripprhithaheeq phirssisistics diearesenipplifaprhadnyeicd s @4y Priftgshnology,
sel ecti on cgmsd ®ts Meinfa yechodlogy.deniargtis « doentdesdid okie tewhplogr B incspoldss plgevidth
backgr ggnd fiisehd tbddics S6k GEddeRitohShatibe Ja6 RELSY edibiokN @Gk Vi thwstd MBR Ylinth®
ensure pred) gt afy & BRENAV OF 4c] BE: AW, 9%19&&&%%' E‘rﬁes‘i?q%o‘{{-% L G0N e els?ch' S
retai ned on F‘ﬁe netpage page s_erv_erp and’1s opfpl onall'y t“ra%smf{sted,vﬁn??l e
f orm dat a WA@ME VIR PET PP TROREHTT PR EnepsYy PHE CHpBIsRan o bt 8¢ g inks 2 Hd o
appl i cat i omaeroiditibrer mbigafiixative-he raw digital Inh should it suspect the
original conversion, such as the conversion of handwitten text. This can,

for exagpl &y, |ANQ NG IR RploRELY B0 %{j&@s Be o DB R LkeC AR B thefMGiheink QlmehOLATS

that fail certaln_application-specifi nsi stency checks. As an extension
to this, tHER YRR BURRaaesos EE Rt EaTr e EE RArad nehay™

drawi ng field. The application can then decide, on the basis of the
presence ofMdbi génteatd ofitha primdibig Sdmeke 300hue: teXapdzle 6021 thed doededisn 303, the Azl Gnber 3049 the Quidie

i ndi catgd ansia A RRRL AL SojuRe RESPRR, W ROk 08 Mo TRl SR gy
i ndi | - [ ut si. [ .

Fi gur eb§8 gﬁ%%acngvef T\ %’licr’r?’ 10];)‘Ihe HRE aﬁtr”%%énscéor%fl ’aﬁ%’?]edﬁ‘ i”ﬁegglpz)'en i nput relative
to a netpage. T he process consists of receiving (at 884) a stroke fromthe
pen; i dent iThyachg atator BBD pait 108 is p@ghenidaliySibicen cethSRGivE @ruvtbyi bedm itain 809 pateioth B195Both N
E h te Z t8 r7 ?ke b%ﬁfs BdiSare aalaqtnlre& a@mkmgsga(ézgie 2B poirksE0 anag%@tﬁg@csﬁfﬂamgiommtéﬁs 3081 @({Q,t:jlé,ﬁilng
a a . 0se. zppe e stroke intersects;
determ Bi ngam%l{}l%TE agc%‘tlmeﬁge'?ﬁge%o%e ealbrbra?%r%fof%g el enent corresponds to a field
el emsnfl, and if so appending (at 892) the received stroke to the digital

i nk of t he Hgue)EFheref srel] 8! anjaptyof quintek plengnt¢ 390, IBDEYz aclees s &Hhof atiads demgit B0
Ink of the field) 3Q and determ ning (at 894} whether the field is part of
a hyperlinked group 866 and if so activating (at 895) the associ ated WO
01189838 -22 PCT/ AUO0/ 00517 hyperlinl:; alternatively determ ning (at 889)
whet her the formatted el enent corresponds to a hyperlink elenment and if so
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Figure 38a shows a detailed flowhart of step 893 in the process shown in
Figure 38, where the accunul ated digital ink of a field is interpreted
accor di ngwiooo1ydogsst ype of the field. The process consists obfCTiaveo/ensni ng (at
896) whether the field is a checkbox and (at 897) whether the digital ink
represents a checkrriark, and if so assigning (at 898) a true value to the
field value; alternatively determning (at 899) whether the field is a text
field and if so converting (at 900) the digital ink to 1 Q conputer text,
with the help of the appropriate registration server, and assigning (at
901) the converted conputer text to the field value; alternatively
deteminng (at 902) whether the field is §SS|gnature field and if so
verifying (at 903 t he ital ink as the sjignature of t n's owne

W th §henelbeB bR s B Gt Py B B PR BT Ee B ey e g eaoAg ARy o
digital signature of the contents of the corresponding form also wth the
hel p of t herigugiog], 1 ) a@N9(S&ow &k o@fathg dRie BIG MchRmpRiting Waeht 380. pri vat e si gnature
key relating to the corresponding application) and assigning {at 9D5) the

di gi tal at ur he 15 field_val e Server age
Server Gomnlt 1@ e b ik s Ve R SO aE A YR DB aer CaroLp OF)
oper at es di ‘}O@b’tdllﬂv*beow sPrEpatEnsipiplbe B TeEnisro T i t tie Agdiase &% forped hejppen téeetovt?rchambef
comand 90730¢an thbigk @avdiid 3d60r m command 908, a duplicate form command 909) a
reset formcomuand 910, a get form status conmand 911, a dupli cate page

command 9l 2Wh11a n??geghe ﬁnngteag%acmmt?]alsm%u%s ga?a fro% epn%ttn%%rlflcfforgﬁow r]he correct ep{nahng

duplicate doci ocumnen

docuneato St S chiriha e 99 fferebe delenshiveitis ceugrlss 18 Fehe aiey 2ptuaipg pegm raﬁﬁ% it d
voi ds t he coreeedpongknng phso thrghrisd iae eair 308 ¢hughoitoat @iciosrom, covitimind’ono haéngt The
cor r espondi ighedut MbbRSEsARES0R Midle hABT kD HLIGRS pBR0AE LM ARk PhBE 2@ @Bdbe pal: e

current forgj LE‘ Ba%P&ﬁdéé’l &ohexéaglg cglltl\é?lhg%ss &(cr?r&?r \és%gen 5@% bl &%Jg&%h'&%&.ﬂ £

sane hyperlink transaction [s’1n |ngU|s
fromthe orfPFREFNLYAR cafistert & PO, ele%"?"é@%t’“‘? ?f?’ﬁ?réoorﬁ‘?%?r’l’ﬁlm\‘fﬁfs sybpfigte 301. The
cor r espéndi lengr Frodofirinsraits Shisarovemerd tottisaprzlp eharhaci®é Teemozie Eliageer 1 materiout o yoiceshs to he
f orm i nst andepostioh Mok iRFighr/@b LTSS iftietealicGd Gressife, BREng fn@ BIMoB bEthd 152218 OMFNERMERusing the
produces a M:héﬂ&g%gm%%gfg& Tt%rhoztzfé‘ﬂm%aaﬁrééém% Ahﬁm&&%@%’&%&dﬂ?aJo?srtfiE'sbx%etﬁ'ﬂth’
i ncl udi ng wh Eﬁ%g , Wwhen it was printed, for whomit was printed,
and the for'r?tzzg"‘tét‘t“ §>°0f the forminstance. Since a form hyperlinh instance
contains a transaction ID) the application has to be involved in producing
a new fafr m Asnisti@n@ure At bidain Qs BB QST dqiljzed tha @WatbrBRIMetiAsStd Adtignal Bsitidierhe fios ie

typically Itrrptreﬂeﬁtfetgt I%dralehy@%rotnlmkn@ﬁl1%Lﬂuptzreq%@er,nag@w&mm@dg@rﬁ@ttgza% a

bt ed COPYedl RfOLL STRANAI 0 RAgs, | fstanga,u th the background 1 el d
val ue preserve f e contai ns i's part of a form then the

duplicate page command is | nt er pret ed as a dupI i cate formcomuand. A reset
page conmankisupr2o shaeesseaneprof npretlead 8§9yIn @ hettalpenoar thedepth ntthargntradye the fd tvidthow the
Wi th t 85 bagks g 2foindd) th iéakddeon 85158 Eeggsh shdvh istoRennPa@RbEONLBIERA SonBled GRS,
I's part of @raefl B, &Jla%lr i R&ed p%& &t ﬁﬁ@&%m%@ﬁ‘mg&cd& 33, %?Jnﬂtﬁe% £ 3% o%n{e%%‘?‘ied

fornn conman at us ces a printed report

status of ¢ HEE PR HE RO R G ROPARCE PP R P HGHRG: publ | Shed it when
it was printed, for whomit was printed) and the status of any forns |t
cont ai NS Or Td Botdohd fragile\MFaE 1ok 89 BRhead 2Bring foperaRGTd W EOGEF 3Thie atnetpage phagal

whi ch P2 RIMOR VS L REhRBOFerd iSa eaaeslatdr naaagaah @Jle%gjl a%tghwﬁchqynthﬁa&ewn@&qe
el ement. 'g prevenp%(,3 goz%len%grggcﬁe{s 3!"1 ﬁom%%omnéglf)&edvgy paper tltbers or é(legsr terc:ds air %qurriped

field val ues ‘are heir as
a standard Bk R‘Frﬁf folety) P32 39} oeh of B pp2ieesuprd @&pélarepna@g t“ﬂ?r?@!éeétt’“}t B fom ‘@h‘?gythc nozzle
dr awi ngs angharg is gpalat whiletse mppéadle. mt heir original form wth a signature

" acconpani ed by a standard graphic indicating successful signature

verifi io A d ocunent command produces a punted copy of the
corresg%%tdl ﬁg docﬂﬁ%ﬂr‘t%?altgﬁsp%ance wrth background field 1 ~ val ues preserved.
Tt he. docuFBAEV-CERTEIEHE OLHPSPSE e BRI HED Hip b AT ERae o ebh e
dupl i cat es ket grdrierode iR pokiton Sasfemamsze da gzt c@ereTht prgn seerniva sptid-drralsvice frovided et
document  commBRAEpRHREURESo RmPt st oflP Rr-iffarcl HRelEQihi BS POMBIIITMEOLTBEW, the
instance w gyﬂerrpl%ﬁ% sQrHQ\dhelfr !hcellutq]s %QLnﬂﬁ%vltglh§§\ﬁ{cg% the pzn x§ Jﬂﬁ tcpsgrﬁrHEE@ E‘.td s&@c&hﬂ&t&%

any for he rese docu command reset lpﬁlﬁg sane

a reset or?ﬁ”%?h‘?ﬁﬁﬁ" &’8@@ e &t YR EP g STeRita Ot {‘]%‘“)CIB 14 “;rrtsﬁ‘trél@ge“ds °6fri’pr‘ffied
report on t#e visdestygnspitied th de proier @spw Adionghoyeenrebre seiiraRriens haveth widi mgecho
published it) when it was printed, for whomit was printed, and the status
of any forns it contains. |If the page server conmand' s "on sel ected"”
attnbute is set, then the command operates on the page identified by the
pen S current sel ectr on rat her than on the page cont a| n| ng the corrmand
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35 The default single-page copy function is handled directly by the

rel evant net page page server. Special copy functions are handl ed by I|inking
t he | ogo wotbtmees3go an application. 1.9 USER HELP SYSTEM | rrca/sucefoesi7ed
enbodi ment, the netpage printer has a single button | abelled "Hel p*. Wen
pressed it elicits a single page of information, including: status of
printer connection status of printer consunabl es WO 01/ 89838 -24
top-level help nenu docunment function nenu top-Ievel netpage network
directory The help nenu provides a hierarchical manual on how to use the
net page system The docunent function nenu includes the follow ng
functions: print a copy of a docunent p¥Fint a clean copy of a form print
the status of a docunment PCT/ AUOCOQ OOS17 A docunent function is inmtated by
sinply pred&fAYHE SBGton and then touching any page of the docunent. The
_status of a docunent indicates who published it and when, to whomit was
del i vered, T&ﬂ&k&&eﬁﬂﬁﬁhﬁﬂﬂh%@ﬁ@eiﬁqMﬁ&b&ﬂ&&@&ﬁﬂﬂhhﬁpﬂﬂbﬂhﬂh&dm&&ﬂ&g&ﬂkﬁﬁe

The net page,. el Et‘ﬁxogévér%ﬁo%ééssﬁi }oR}éﬁsg tEJ}r‘%tp&éz?%EteﬁaQ El@xyskngéy’ét&n EJE!@athe%ﬁ@sruQem{s Af

publ i cations and services on ternative user can

call th né‘t‘eﬁﬁ‘gj%”fﬁcét%F‘%Pag@ﬁ’b‘* feﬁﬂ?ﬂﬁ‘é“i“h thwfpraswsrﬁw&es a%{‘rlf‘ﬁe %‘?b@aﬁ% thB‘e & HUTHEY
oper at or, THegcope s disrearclpctioganeeretaled infhemptimehngisedubyenteeigrign seigt B ntthe gstppse| e
user's prim&e&k Dependi ng on the docunent type, the publisher or the user

pays the small yeIIOM/pages service fee. The heIp page is obviously
:J:’lgxtal | abl %%hen cltl&j:r Itﬂ:hlgln contac% wbmaanne uagc?' the getn dé?erﬁnets s pasmon antd Qmegtatx(t))n releatwt: E%le Hzgf I"Tl?c: nkb is

Per son ?;16 i zE&gEdBP fOEa’tﬂi‘SBfna“%ﬂ@‘lce ey istinErreeg Fellaﬁwt"rfghfﬁé‘%dd? etaie yhethertagen b "
used as a odloni.gab alpuslintgaive eemeasoa ipbage tb be ‘tlickedi Sy prassias Wb Kie oamalbi iz artidr ®mequest,

mechani s glyNnthQicN SR8 ork YSkiSihbre Alelrdd@ %gtbtu%‘é\@a chrtin@fstvan aed _saﬂ,‘tﬁeh@l dyiatiict ed
sense of ne»gp%umuwquﬁqpmsnaga2|ne news, the intended scope in the present

context is w € netpage system the editorial content and the
advertising content of a news publication are personalized using 25

di fferéat reclsadiosines hebhdioedi orontitah of goniit @ e ndiseeprimemah fhe it eredmian geat 163
the reader 'osmepup!id G fidinity St e e 1t ad6hied HPHehrGi thed Md CodPiidd 68 Gosiibt &R iv€ &b reitiRftd thetag

The adverti 'ﬁ%lhng o&gr&%%%eme m&%madé Wﬁ?d ag\&qrﬁglkn&n X omgth, &%%georptﬁ Au%g tln

and denogra

ki nds of né °’§r85ﬁ‘|‘“&9§§fmet%d"é"é“ﬂ%”a?“‘iﬂ%l”lexﬁéFe”ﬂ‘é\‘?\%‘h"p"ﬂqﬁl‘s lﬁvérfef%ﬁ’g""“’é\ar‘ﬂ ‘*tehaéé’ée tP%at
del i ver newdustse pesitiprs resolffipn & anigankizhp gistefiosm the orgmuy essolpgeyr wydrede i anneate dinteifindy
the puBOi shesgisews streans are aggregated either by a news publisher or by

as peCi al i mctfbﬁsv}@au@&gﬁ Qe 'capM%W% aQHi@.J, df gﬁfcés QANokk YOQQL&%H Qéquglgg (gf%§1p§?e[ﬁgedtp9n
traditional newsp news azi ne

and varie d OSItlou.s O &Fpaﬁe lmtlaﬁ_ed tg Oa ergo%/qn §verﬁtemd comgcted%ée cvsvli)scguent tpcn uI;') evef\t Ats)troke 18 al¥o
freel ance \Aﬂgﬁ‘ é’f‘h the Rags| TR AOf th ntppsoiEressT PRI chrntso abigh, wigpr nprryel °’|‘“é’3%ﬂ”é?es SS 2b%n

e-nmail . commencement of the stroke.
25
Each netpage pen has a current selection 826 associated with it, allowing the user to perform copy and paste operations
etc. The selection is timestamped to allow the system to discard it after a defined time period. The current selection
describes a region of a page instance. It consists of the most recent digital ink stroke captured through the pen relative to
the background area of the page. It is interpreted 1n an application-specific manner once it is submitted to an application

30 via a selection hyperlink activation.

Each pen has a current nib 824. Thus is the nib last notified by the pen to the system. In the case of the defanlt netpage pen
described above, either the marking black ink nib or the non-marking stylus nib is current. Each pen also has a current nib
style 825. This is the nib style last associated with the pen by an application, e.g. in response to the user selecting a color

35 from a palette. The default nib style is the nib style associated with the current nib. Strokes captured through 2 pen are
tagged with the current nib style. When the strokes are subsequently reproduced, they are reproduced 1n the nib style with
which they are tagged.

Whenever the pen is within range of a printer with which it can communicate, the pen slowly flashes its “online” LED.
40  When the pen fails to decode a stroke relative to the page, it momentarily actwvates its “error” LED. When the pen

succeeds in decoding a stroke relative to the page, it momentarily activates its “ok” LED.



The net page publication server supports the publication of edited news
publications as well as the aggregation of nultiple 35 news streans. By
handl i ng wioe1sggpsegati on and hence the formatrtng of news BET/AHMNESEl ect ed
directly by the reader, the server is able to place advertising on pages
over which it otherw se has no editorial control. The subscriber builds a
daily newspaper by sel ecting one or nore contributing news publications,
and creating a personalized version of each. The resulting daily eclitions
are pnnted and bound together into a single newspaper. The various nenbers
of a household typically express their different interests and tastes by
sel ecting different daily publications ahtfthen custonizing them WO

011 89838 -25 PCT/ AUOO/ 00517 For each publication, the reader optionally

sel ects specific sections. Some sections appear dai ly, while others appear
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normal , | oWk none)) or nunerically (i.e. as a percentage). The reader also
opti onaIIy expresses a preference for a large nunber of shorter arti cles or
a small nu 0 5 a e r
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sophi stlbcati on of the reader, for exanple to provide children's and adults'
ver si ons. Tﬁhﬁefaqlacpernmmamefmaﬁr&k Qkribed msgehtee&a% REGOF WioR Qrith Rfeleften Feadals 19. age.
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40 A hyperlink is a means of sending a message to a remote application, and typically elicits a printed response in the

netpage system.



5 localization consist of in situ translation or annotation. These
preferences are derived fromthe reader's locality by default. To reduce
readi ng dwvbfoigedsti es caused by poor eyesight, the reader o mmldoyi7
specifies a global preference for a |arger presentation. Both text and

i mges are scal ed accordingly) and less information is accommodat ed on each
page. 10 The | anguage in which a news publication is published, and its
correspondi ng text encoding, is a property of the publication and not a
preference expressed by the user. |-lowever, the netpage system can be
configured to provide automatic translation services in various guises. 2.2
ADVERTI SI NG LOCALI ZATI ON AND TARCGETI NG Th€-per sonal i zation of the editori al
“content directly affects the advertising content, because advertising is
typically placed 15 to exploit the editorial context. Travel ads, for
~exanpl e, amewypminieeldnickiehy/ idén0fied P @hicalian 7& whiclahagdles S@igtibn0m the hgparligkl & BartIBI5€ whidthe
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| ocal ity amRPeRfdhitsgFaphiieys Temedrs defenidr ‘ﬁ‘i”ﬁéé“f’m B)Fig‘ﬁ? Py to part| cul ar
sgarvi ces, retailers ejt c., and partl cular interests fand concer ns associ at ed
with the | agal . gRo#AKNI zcxvaamdheeﬂagel £RHANRN 2 RAVYEARNIAS SELRENLNB: BREE ate
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publisher’s MoSt IS a
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cover af@, (Flyee & agenefl hytegink @mdelentn pirquet br 1 udapshinp ocesigpla pivRlegrefeend td he
page area aaf. M&Mﬂhyﬁeﬂlﬁk saémadlvecrn@dp&ﬁﬂgfm{ 0 e AR PAGRBY Bk sibh fehpage

publicati OB e o fe &n&; SRRLOSA IR S gl & d plege om%srthc 2 zp%hcgéon Bhay
publ i cation' sal ea vert| ace an per - basi S,
Phto accourftm 1@ eppRsH ‘i‘°6%"cei“6ﬁ‘“% %@? 5%}*%%%&‘&%& b Rt g fem‘a“on into

r eader shi p differepglasghaze Egsh hypelink Wpfeaqﬂ@?ctesze%@dthptmfpneﬁwtli Ynittegg i 2plecetiger ' s
advertit8ing proportion, and each reader's denographic. 30 In conparison
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For exanpl e?hORPﬁéca% BN B PRSI éP‘“Ch&S&S\ a%’@a‘%?@ehﬂfl"f@‘aﬁ?ﬁ ng proporti ons

to several advertisers, with individual readers' 35 pages randomy
recei vppg th&yadvieibd @@ﬁﬁ'agur@i scldken @@lmrsetlac@%ypemammefhe sﬁmmldés the content of
preser vi ng ﬂ;[egsesoc teé) lgorl;[ls ance %ﬁ igrrrfh?;rxfkmk ac&vahonea@?on hanqhegar texl'lm%]ehas d]ts sugnap de lttapatglgute

systemal |l 0

informati oﬁefé’ﬁ‘éi ‘“B%F‘Wﬁé‘e B&F‘Eﬁé‘g’fnﬁﬁ"“ g ‘t“’l“lfj‘ﬁieThéF%?e‘é inclages wLHfEcg ‘i“’l‘i‘tpraihr‘&‘i”é‘m%ﬂﬂue
of the advesttitigisng space. Because personalization and |ocalization are
handl ed automatically by netpage publication servers, an advertising

aggr egagor A%&ﬂmeﬁ’grw%s@aﬁ Db, %Edménb’ssp&r%%s%\is@crcm\x%hmb% sﬁovg%%é@@h»\/hgngput
denogr aphi cs. The su se%{ent at
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directly captubmt ek efibitsd 0frm Eyednk, td@awgh cohineouaitiuet b pliogjorail Chh exexarbre be dsedl to
taking a prporliRboRl iAgN6n b, NOwHeR VB HeaprR a b6k SarfBY sobd 08t change
profit eut,r b se of the greater efficiency of aggregation. The
advertI'sing aggregator acts as an internedi ary between advertisers and

publ i sher s, &Adefrey? P relisd Spipdsldaricid? toptare pishited LRt ipRYS thopghe pyinted netpage. A form
publ i cat i on#aws b tseritssubmdtrotdpr mot panagetéritatn aapdﬁcqbéracfmnrlogrmrurammetap@:ge publ i cation
can be nore conplex than ad placenment in the publication's traditional

' counte I‘ par tA forpn%%ﬁy§ ? u&v Fl?megt%g% lln E@Edc%ntﬁeggxyeﬂ Blhl%éteﬁﬁorﬁagngg &t Af o i) J%]d%lg%tls

Wil e | norlng exities of ne verti sers,
advert ? ¢ GgrEyatGreacspitt Pﬁi}fﬁ"?s‘é“ﬁé?%f"“? Htéc’fblfté‘rfé F¥ 8§y ‘a%ffﬁfeb%m PHE AR
© system pr ovllledielé elesrypie843 ofttiey it &dch Siglpipgante hisgp astobieterley2lpeeif b P/ioatt tYpo Aesendsi on thi biekiofitye
support f orcoretbHog fi@dkledh tHadbiigld @lue BV inbit Sikdigh 2SRARR: pritidtf@iXBksthnad)i.d. Hrough one or
particul ar |y, desinalhe ﬁqurmtcggdlpgrgggmgn %lre%dvertl senments whi ch generate
smal | amounts of inconme, such as small or highly | ocalized adverti senents.
Once placenment has been negoti ated, the aggregator captures and edits the
adver t 8 diith R AstFedeTadisns §72 Wrch apdisasss phegier ledorn § adiag. (e, sumiiep aeibesepireigh fym
t he publ i shextiveetor fits ptihe. adorplbeoearFiaten oire tithie signed. dviamt beetspaigatep bilod breaf iton
server. \Wen the nei page publication server |ays out each user's

personal i zed publication, it picks the relevant advertisenments fromthe
net page ad server. 2.3 USER PROFILES 2.3.1 Information Filtering




Za The personalization of news and other publications relies on an
assortnent of user-specific profile information) including: publication
cust om zavoomns9s3sol | aborative filtering vectors contact deEtT2AU®/00517
presentation preferences 25 The custom zation of a publication is typically
publ i cation-specific, and so the custom zation information is nmaintai ned by
the rel evant netpage publication server. A collaborative filtering vector
consists of the user's ratings of a nunber of news itens. It is used to
correlate different users' interests for the purposes of naking
recommendati ons. Although there are benefits to maintaining a single 30

col l aborative filtering vector independerffl'y of any particul ar publication,
there are two reasons wh is nmore practical to maintain a separate
vector for SEREYP GUREITRE B ?%h%cmtaﬁ%fﬂéw% tae hypepiat Rps Yo supt ity argvietet éﬁ’“béftci’wet‘?‘dt he
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country, tel ephone nunbers, are gl obal by nature, and are nmintai ned by a

net page r e%cﬁ bR Inbe 0 S RIMBLH: (at |§§)Q§d~? E}& Aorh Atankds @Jn%%ﬁ%smus bRGhAI Beod e rhor
guantities, mai nt ai ned in the sanme

dat es an are se
40 way, ail% :‘fg’“Vﬁ%“ﬁ@'ﬁ%ﬂif@?‘bﬁ?l%ﬁ‘%m%%éé CSEPT_K S adverti sing
reliesi®n the |l ocality indicated in the user's contact details, while the
targeting ofl impdvsenttirgl andgiriohd. Bgitdnk FB rcesinadt alsﬂfobtmmatnmmtrdcuedoupam4d@¢hewt @fhich
birth, gend@gs:s it Jfahed%traetstsss Etcmmmm@t ﬁﬁﬁhﬁﬁmﬁﬁjb& 859 876 Qkch of which also

qual i tatl ve d rivatives ran a iLnca ge. For those users
who choose t o‘?srpeﬂr\ll‘ene? t"mﬁme&rns]r(l)ltha ?%? |%ﬁalaf¥8?mgl “J“éfFF“s“%Eg pur poses) the
information is maintai ned by the rel evant netpage registration server. In

t he ab$ence fol ceumiB4s mh braveciborfielddtvert figd 118 adavind@ldtzl; ge tiedue field 6. Thaslds

of the demaghahisCia@sse Gbal ez nf DEabERipiufed &l Rl 2oklsBit dafotieme fslCh user,
pen) pnnter, application provider and application is assigned its ovvn

uni que identifjer, and the net page registratiqon server maintains th

rel ations h.%fé“ﬁ’ét%édéﬁ PGk "%(‘.’)W‘? SFnes oyt @us §5. Apomarkilatichyfprogsga S“F—"Sraﬂ“
regi strati @ezaperporusgl n erhyskbbt fielsame fagsesp typalng tabe ahsignad togfe fgigpiadug at i on

provi d2@, and a publication is a special kind of application. Each user 800
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aut hor pged N, @, Afdsiiboo}.0 the user's default printer. A publisher does not
record the ID of any particular printer, but instead resolves the 1D when
it is required. When a user subscribes 808 to a publication 807, the
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Web term nal 809 can be authori2ed to print on a particular netpage
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printers. $tdh i ncone can include advertising fees, click-through fees,
e-comer ce conmi ssions, and transaction fees. If the printer is owred by
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WO 01/ 89838 -29 PCT/ AUO0/ O0S17 which is shown in the class diagramin
Figure 41 2.3,3 History List The systemmintains a history |ist 929 on
each userwo® dedesdsf , containing links to docunents etc. accRESEatoW§0sthe user
t hrough the netpage system It is organized as a date-ordered list, a
preferred enbodi nent of which is shown in the class rJ diagramin Figure
42. 2.4 | NTELLI GENT PAGE LAYQUT The net page publication server
automatically |ays out the pages of each user's personalized publication on
a section-bysection basis. Since nost advertisenents are in the form of
pre-formatted rectangles, they are placed on the page before the editonal
.content. 10 The advertising ratio for a 5&ction can be achieved with wildly
varying advertising ratios on jndividual within the section, and the
v Y ayour - AFSOPTE RGP e S o e B PR B GRPat o att erpt
to co-locate closely tied editorial and advertising content, such as

pl aci ng adspifirink @ afeadyQtaidB torfissal a Sqacd dfiseads| Any wokdhith ke mpu:l&h&umaaein@rm”one is

because of 3,.5R€6 @l eh&GRl agug lmtrqu oy f&%rp%&luzn R QL d Db R E foSn otjent smﬁal ink
editoria content s i ncl udi ng text and associ at ed

e
i mges and Sﬁ?ﬁﬁﬁ?"é‘é‘ie‘iti’g‘ ?aﬁgﬁ““fjg‘? J(;Sdéﬁl% “g% Bt dtng to various aesthetic rules.
The entire process, including the selection of ads and the sel ection of
editorial compglemtcpurad Sitthelbekdrdusr fakl @ehtainee ad R@eclidgatite. drasnsGipivd €fogad mort hjects is
attenpt to JRLE iGLASE Y RENLEY Be hrllBisdtBR by Sl R the 3R IRt BbEEpRERISLERAC e
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should it suspect the original conversion, such as the conversion of handwritten text. This can, for example, involve

20 human intervention at the application level for forms that fail certain application-specific consistency checks. As an
extension to this, the entire background area of a form can be designated as a drawing field. The application can then
decide, on the basis of the presence of digital ink outside the explicit fields of the form, to route the form to a human

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

25 Figure 38 shows a flowchart of the process of handling pen input relative to a netpage. The process consists of receiving
(at 884) a stroke from the pen; identifying (at 885) the page instance 830 to which the page ID 50 in the stroke refers;
retrieving (at 886) the page description 5; identifying (at 887) a formatted element 839 whose zone 58 the stroke
intersects; determining (at 888) whether the formatted element corresponds to a field element, and if so appending (at 892)
the recejved stroke to the digital ink of the field value 871, interpreting (at 893) the accumulated digital ink of the field,

30 and determining (at 894) whether the field is part of a hyperlinked group 866 and if so activating (at 895) the associated
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Publ i c-key cryptography, also referred to as asymmetric cryptography, uses
hvo encryption keys. The two keys are 35 mathematically related in such a
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can only be decrypted using the private key. Thus two parties can securely
exchange nmessages without first having to exchange a secret key. To ensure
that the private key is secure, it is normal for the holder of the private
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Pages of seagub8scaoCHaRM &ul)c AR RLer bBes.c@R 6f oHebl Qorltrhi@nnp Hévjstpumaﬁﬁlg PAE Sre820Y
mechani sm der?o(f\i{h'zeg%gsﬁnrbf eac Lﬂr’t_le r&ul}négdaﬂabxgtxonssarel}i?]:ﬂled Th Lo%mﬁtx%erg&! m%o a:[ S'%fl%g vé;ia?eg The

netpaggg e- awar ot ocC ocumen

gener af'dd d%mbsa’f‘“’tm &t %ae%ﬁw &8‘%&1}# gwes cperofiferentriptests gh taftﬁebrye‘f‘%f 8 ‘Fffftﬂf‘h‘i‘.f@’

t he user' s ppfictiogind fbn antorédne ey capt ur ed when the user registered bionetric
information with the netpage registration server, as described in Section
2.



15 When presented with a secure netpage docunent, the recipient can verify
its authenticity by requesting its status in the usual way. The unique ID
of a secuws @esosssent is only valid for the lifetime of thepdpaunentsi7 and
secure docunent iDs are allocated non-contiguously to prevent their

predi ction by opportunistic forgers. A secure docunent verification pen can
be devel oped with built-in feedback on verification failure, to support
easy point-of presentation docunent 20 verification. Cearly neither the
wat ermark nor the user's photograph are secure in a cryptographic sense.
They sinply provide a significant obstacle to casual forgery. Online
.docunent verification) particularly using®&a verification pen, provides an
added | evel of security where it is needed, but is still not entirely
immune to forgeries. 25 3.5 ~I ON- F3EPUDI ATION I n the netpage system forns
.subm tted By wugenblicaios tdedaiey etierd!lyr selbatsasbenfic tegriohsoBaws sévdanel krpeas dadin cvhier @hers appear
]lcoer si st ent |v}é§l®r g e seetttns{tattm@fj QoD ARENSLYME Mnes bilind, Sor eh@bBf BdiRe ':tﬁgtosei mlye

or recipiel 0. a8 i) r S. e r o

System -as Jegn| beﬁt’ﬁ“%ﬂsﬁtﬁ%n ft“%*ffg e S e SRR T e
repudi ate. SFUEE EBTESN CUEHRY BEREE WibEPY . 1 SECURE ELECTRONI C TRANSACTI ON
(SET The néthpmeyer eygteemhasels nt“htepesexc ereatingFEugant segsingsceadfr @n drawing oreny SEPYr o§ yess em
as one of is&mpayintcisy Sz creaBi b} e-RAVIDOGielde @thodeM e QFRGonRY), VRS hnbi-aE dewand
Visa, is org r%&gﬁggpgcgpglergayrn@l[}hngg,ar ds, and this is reflected in the

term nol ogy. Fl owever e systemis independent of the type of
accounts being used. 35 In SET, cardholders and nerchants register with a
certi fil@at Foraathtiestiont He readed optiewmlly spesifiests sifet difhes eltitFdliag etort oAt oniorRy ot tagrically
public signged bragimk ey ss nubitCof GRESD, lafd iakbBedputpfitiniot dvetBing, bith@Suaitnaly pohighefiornsi,
registratiqg,, q(gt)adrklsnemajtygletapg Fehigyl Ssuer as appropriate, and verifies a
merchant's registration etails wth the acquirer as appropriate.

Car dhol ders and nerchants store their respective private signhature keys
secur el y onfbe Feser 2lse GpHstalle praressd Prefggnce e 2 frasy murpber 9 shope adicleston e sl aaptel ofj 10T es
are usdd t outintet Brall driicle dstidellip mtiteg Gt ®litel) inBrthchante lap e arscipet wiepdferard t 0

aut henticate themboth to the payment gat evvay 4d SET has not yet been
adopt ed w dl@ layti lepar alsoé:e wnt? g‘ osr% C cngrelq ver, 1ons o ma%pﬂtg%%ec ed scikﬁyttc 1ono the reader for
certificates is CO ed nterimsol 1% i M

car dhol der &P ‘“a‘t’ﬂﬂld"c%lt“tf‘i“fsla‘t?at‘"es "6%‘\0“%1 T%ﬂé?%?atea'ﬁraorgf v’écttdﬁeore‘agrta H‘Eﬂe’t‘fé'rs a%tctihéss
WO 011 89838¢ad@ Eanwricafy a “rprdigsants milictakgepraadtncanivir breistdsimicd uecess. 4.2 SET PAYMENTS
PCT/ AUB@100~17 I n the net page systemthe netpage registration server acts
as a proxy ﬁQ&q_%b@m&%ai?ean gaclys%g’ En a('é selgued %H noﬁ@c%%eggtor)s BJll ac§|1:‘s:|;ss em‘?sh&l lifetime.

transactions uses metrics to au entic user
and aut hor |Bz"éi‘3f§'§‘fh°b%[§/%§%te§‘° %Qt?‘é?ﬂtsseb“t%? ‘s;‘i‘s‘t”gr?fdfr S“?i@h‘ﬁé?s’"&f"““taﬁlg PohBEPTT
used is thediger's on-1ine signature, consisting of tine-varying pen

posi ti on arid seplofsSMiLtE Bis aphropriaR QR r@tdr faby optioBdNR EnkitcCeollBdRaticel fBi&inf) EhiblS €&h dpphied to articles

desi gnigag aydh mg,@uatfrmuysﬁ{gs@tlmé RLR atltlewﬂamumtstft}%attrate ﬁtetugmte@caatmmge

t f bi
P ror 2ot |t e # o Byl e Bh ot iiof B By e DR e b e

SET paynentlselY@atteé‘jiet‘;e@‘lbs‘teéi“ate%atﬁ%r s biometric with the netpage
registration server. Tlus is done in a controlled environnent, for exarrpl e
a bank, whegfelds e: i GHBRILd: kil soR ket BRs CARttFREkcAkly bAGIRAE Rl BRINAS tleRBiold 8REre S

i denti is ed onetric is captured and stored mthe
regi St:‘3§tl odnl\{vg‘ac%ttabefslgev %Jbghlﬁmtao the user's record. The user's photograph

is also optionally captured and linked to the record, The SET cardhol der
regi strati ofie prigooptoyally speciggapicestdindly fagiorchitheh@alitasizaly (t-k-ldgorplpri’t\ﬁaplee spomatmgrieilkey
and certifigat@na@pic a6 ticfdida udatonhahng dufilbeoNASddiiveFiltRAY, EHh fa6tad hkes it more

i nformati Onntlat?thﬁ'ﬁé Qon%}p%ﬂggecu&{ W Bls%nwﬁmpﬁéd&%gﬁmﬁeﬁgdp&w Alal R §e?el;1&{1§t§/ fa@tB}QHQJQ

i nfor ser's proxy in any SET paynent transacfion.

t he usn’g% evsé?’??ﬁf‘%?r fgrslﬁﬂﬁ‘ifg‘swtehe bi ometric to corrpl ete a paynent) for
exanpl e by signing a netpage order form the 20 printer securely
transrtiit sk helecisd etiodaf spacifi@ tidpdslof pArtht@arfrédiest WDhia A ekeifol @ndobi Omaatries i pe@itias absianell he
net page regi,gktatkon server. The server venfies the biometric with respect
to the user |dent|f|ed by the pen 1D) and fromthen on acts as the user's
pr oxy rbsconpl eti ng the SET paynent transaction. 4.3 M CRO PAYMENTS The
net pagé1 ysthe iRt %faaéeséﬂweéﬁa?ﬁ@rﬁf%m ALY 8 VpishyipRagat &0 bedgliveysd) Biprepdseortipadly
to be convemecdirtd prelaheriyéaertfiomespr imilli ggds ovpob 05 the thobw psire of inapesdemvnndhcaritbn
for copying copyright docunents, and possibly also to allow the user to be
rei mbursed for expenses incurred in printing advertising material. The

| atter depends on the | evel of subsidy already



provided to the user. Wien the user registers for e-comerce, a network
account is established which aggregates rrucro-paynents. The user receives
a st at emewo @rs9sssr egul ar basi s) and can settle any out st aneiCTigUEWsL7

bal ance using the standard paynent nmechanism The network account can be
extended to aggregate subscription fees for periodicals) which would al so
ot herwi se 6e presented to the user in the formof individual statenents.
4.4 TRANSACTI ONS 35 When a user requests a netpage in a particul ar
application context, the application is able to enbed a user-specific
transaction ID 55 in the page. Subsequent input through the page is tagged
with the transaction 1D, and the applicatf®dn is thereby able to establish
an appropriate context for the user's input. Wen input occurs through a
page Wwhi ch ‘P&t durelepredkapians pyaky Ch aurrerrsoluion & AR BPEPPEHoMust  use t he
.user's unique identity to establish a context. A typical exanple involves
addi ng it en& af dlDMieRe] PhLrefatri speoiBel 16R tgFdns, P QirdeDank HBncld§ GlsS 20 i1dedlided] This involves

" shoppi NG CALting wh@hePEfl £Ghpdill G IR a 15:aRlre AGYd 4 AINEN G a 1hd2Gu iRy ﬂ?@wﬁér’ﬁ%%em
60 | at ogn to the net,SFage_s s#em s hot " WO 011 89838 " 36 PCT/ AUO0/ 0051
di vul ged t 0 ABPIT AT BRS FppfeEono5RpoR iR, TG HPCTETS PR FEIFE TP PLT AR BARIB Pttt s

fromeasily correlating i ndependently accunul at ed behavi oral data. The

net page r egrostdi@tréa@if GEfuUey caksBiSHy@ad eyEghn tiairdader ifionallyQFEYINE WS lob:E bratbrbron®Shd Brger
b_et ween a up?tggnta@og.%o@i'?ex?apﬁlnhgg@a;é sEq Yk ddiddiy i l%gﬁfoﬁllafid%% aécg?mﬁéatqd%§ea§ﬂ; nin

Fi gure 24. Wenever the user activates a hyperlink tagged with the
"registered" attribute, the netpage page server asks the netpage

regi st ri& i ofe &eroeesrn which # Bavs Publieanonte PRESYC A tite dOraBPIing iHtj caqdifeDls guproPE e e r
Wi th the penbliciDobangd nnit a0preinendl ax@ssell By BB useil Heweadr, theSnelplge isteih @rbe SoHfigirdl tre plovtide
the hyper !l i fkmsic BARAbEREAR BrvarbiEui@RPl i cati on maintains state infornation

i ndexed by 234 i as ﬁ‘é@w‘mq‘%@%ﬂ%}*g“gi@ﬂ%ﬁ%ﬁ%i eve user-specific state

i nformati on W t hot now e , al identity of the user) The

syst em al solFEFATERIPS offhe ofiRERE FarkY ey @B fif Praie ANt Breriertereghiaive iy
for ead® ofto explas b tagorialppitxic Ebvelods for ¢xampe, drompré likely © aspeay in aapye| seaiert thap plsewhere. The
transact i ongus e edidlia coltfnt boRLadUSRE (448 EIGorOR k¥ p@RR: 16ah ieOMHiERERIaé 1:6se numbers of

| nf or mat i Of‘readlé)\yi@fﬁl%.&i%ﬁdeﬁnt'g? systemin routing product bar code (UPC)
hyper | i nk™ activations Re systemrecords a favorite application 15 on

behal f of the user for any nunber of product types. Each application is
associ at ed Effettite @rertapplsivkeet oohe pasioof loeality ard demogiaghics yacpliyrilctrriines Brpirity donparticular
account2ion Lwiba) kiRl ekaaly REElat oatcbto Md RbMeds dSbaiatelt GvitR khk Q41 icbmruBityCan@ ehivironaénél
debi t the PEahAlft: dbBfunCleh kb Ol ERRnEL Gl PRl EALLAN Provider can
be a publisher of periodical subscribed content. The systemrecords the
user's willingness to receive the subscribed publication, as well as the
expect ed fradgerensyiski's pobpictaly ppfluctds SvRSKOUREE: PESERIETONS AN TPy RY GeT
A pr ef er r edputivhiods gregniphiodovegagd, @8 B @SN, iitpkddasipcibmgsphils, agita gk Scasirdane firn
Figure 240. EGaghingdocunment and content object may be described by one or nore
resource descriptions 842. Resource descriptions use 2rJ the Dublin Core
net adata el enent set, which is designed to facilitate di scovery of

el ectroni ¢ PEEBTPESSCITPPHC BRI P BT S EYTPASIRIPRETIRat UL Hersgsh 426 hnPthac{eels
Consort i um E¢@EpdvResEEIracsen Des-ectpb bain t4ingine wosukt teRDFEYation) grograrig cqyerage, the section’s
descri pti onredd@hipl 1okt bifeyth fehdghil&tidA QAR efch B2k s advB@silg @loAGE adil)eseh Ri¥er's demographic.
aut omatgegal 'y transfers copyright fees fromusers to rights hol ders when
users print_copyright content, 5 Conmuni ?Pgti ons Pr ot ocolg A cgn‘runi catjons
protocol dePicHEasyh™ i Fer B>l RRMG &GP AIRE Uh FRUISHE FRRE I oetsted 1o ggater drfaik g
net page sys#lewsndiptnicess efgt tahigetd samrajslirigherefpreialipve i & baeld aislopeyle stugitajup i se a set
of defined protocols to cooperatively handl e user interaction with the

_net page sy Sﬁo?mamqﬁ?{ﬁbsaﬂg a@\tefﬁgiﬁ)é “stbt®cah LJ shle L]rvﬁ;ir%%rop&ﬂomy seffal @veﬁ@%@[ﬁ%ivg{)a@g{dam
IR R R AT REN B
" repr esent edPBA #@VeEEt angl e contai ning the name of the entity and a vertical
col umm r epr &g eapagengystdnh@lolsi fiettisingeto 0f litkkiadireny fotdgtaileDprpduel gofdrhegiornt dndrenlignpueidsing. %
exi sts, thembiShibed Be ininRhaWd AsaRndashed |ine. During the tinme an entity
is active, the lifeline is showmn as a double |ine. Because the protocols
consi delﬁed here do not create or destroy entities, |lifelines are generally
cut shdft aBecdForryeizaitn @t Pl feende vt pateese rP“‘%%‘bar“?ﬂ Begh 2 4beEsing
SUBSCRI PTI OeziEiEel coBRYVidPRTEE 0 oad coverage of both geography and demographics. The subsequent disaggregation is



A preferred enbodi nent of a subscription delivery protocol is shown in

Fi,~iire 43. WO 01/ 89835 -37 PCT/ ADOO/ 00~17 A | arge nunber of users may
subscri bewtaoiggopasr i odi cal publication. Each user's editionpemamub&odsal d out
differently, but many users' editions will share common content such as

text objects and i mage objects. The subscription delivery protocol
therefore delivers docunent structures to individual printers via

poi nt cast, but delivers shared content objects na 5 nmulticast. The
application (i.e. publisher) first obtains a docunent ID 51 for each
docunent froman ID server 12. It then sends each docunent structure,
including its docunent |ID and page descri Btions) to the page server 10
responsible for the docunent's newy allocated 1D 1t includes its own
appl i cat i on°ferigaraust HeORHE s Fas ‘émc’éﬂ PYElfipy fé‘?}‘bl‘élﬁ‘a o Wihe Eisppr et o ppen
.mul ticast 1w -<irgihanayed adnaires . Evint thgghghrsadpehigngagreaige’s ahengprpposioned \adyertsing revenue,
Si gnat ure k@yhshe;ghrﬁy ARG ctafble Yioh- nkl& @ Sechubyf BPPlaleCiicie@N of afdraaftidn. &hel adBriidild ahegator

obtain fromfhe ‘?&'Iq%eﬁ&f?tb%&&%%?’\fe‘ﬂEFs aﬁqﬁgubﬁ%ﬁéd %@ﬁﬁbdb&l s L&r%%emt R ultiple

user' sqqelected rinter eexp|C|t y se ecte or t

appl i catd onP®5t°ay be the user's def ault printer), and the applicati on S
certificate. 15 The application's certificate allows the page server to
verify the mES6&GEng hgR@biAtERnt il NRpRAGBIIGIOR V8 bé Bord BEike Htan idPlatehen: h@gpslitatidnisON
server fail §ad,'t inmtcmlﬁtesﬂmebaggm mlléa@n@mer@slng Piee lslaogga?nptex W@%ﬁ{g tle ARNL ki

subscrption ve en ca page instance
TDn"ant £ o iR B FE B FEGY H B e ROT L BPH p SO BT T0E "y A
pnnt er .10 t  prevides smssautomedserpat frrfhesasegotiypns irpugipecsympprt f@h%lﬁﬁ@?d apsipe §F Fsptisipesgace.
printer to higten ispaticukdy ddvedie for@ plicasentdi@ivangamlelts @tlich goaitethalpagetsioDscotne siche
appl i cat i ongf.@k: nigh} 1dtafed RiQEGRGE. Once the application has distributed al!
of the docunent structures to the subscnbers' selected printers via the
rel evant 25 page servers, it nulticasts the various subsets of the shared
obj ects on PHePr ﬁ?’%ﬁ%hﬁiﬁé?"y‘e%‘éafeéélteéﬁwﬁ%‘lrf'“lp?:“é%"’t“d EHPfrpdYegisemens A1 15eiEfdt 8 @meeepssad
and pri Hi er srvaointspanditdie tha pydlid ricatsehard pkiepeas tn thdralpvae hgpagrgbliceiceicve. Whithe

required comp@gatpub@m.&%%r 1ays Y eadhl er't Be@onaBdad SivkeRioR itk Db Erelt AR 2BEB¥ A SoM the
poi ntcast dg Qeumen gmsrt ructures. This allows the page servers to add conplete
documents to_ their. databases, and it allows the printers to print the
docunents. %32 HYIQEWLPfRﬁ%E%CTI VATI ON PROTOCOL 3d A preferred enbodi ment of a
hyper hnk ac®B¥at i drierpetiendditsrings shown in Figure 45. When a user clicks on a
net page2ov t fhe erdofliAfRG SF F€yind difdEpuidediions BHaY bk sadrient bfber-Hcific KrofliGintbrb@ion ek @gt
net page printan Q91 sm‘,l;ggwgsl ick identifies the page and a location on the
page. The pri g%er afﬁt '}IIE' knows the I D 61 of the pen fromthe pen
connection pr ‘b"éaBTB FBEPHE pnnter determines, via the DNS, the network
addr ess of ttentgydgelsserver | Ca handling the parti cul ar page TD 50. The
addr ess may- aksagin refertiesi t S cache if the user has recently interacted with
the sangs pammsm%aumaf Elﬁu%ﬁcatiobﬁ BpitBilcalSn-$pii8ic R0 hbbustbrki i WhorMiibr 1S Bintalnbd 192,
t he page | Dthgrelev cmtp;iL S é?;ca‘?o on tot he page server. 4fl The page server
| oads t he page descy ﬁf’ on 5 1dentified by the page ID and determni nes which
i nput elenent's zone 58, if any, the click lies in. Assum ng the rel evant
i nput el eneatolip®ragyve iirpies Yeptorlcorgibterftin tiseButingstoh enupbag ef nseyitgwy. Tttidread toodotredateriffetelte
WO 01189S38userd8ntksik/ f&mﬁuaﬁéﬂ-gf making recommendations. Although there are benefits to maintaining a single
30 collaborative filtering vector independently of any particular publication, there are two reasons why it is more practical to

maintain a separate vector for each publication: there is Iikely to be more overlap between the vectors of subscribers to the

same publication than between those of subscribers to different publications; and a publication 1s likely to want to present

its users’ collaborative filtering vectors as part of the value of its brand, not to be found elsewhere. Collaborative filtering

vectors are therefore also maintained by the relevant netpage publication server.

35
Contact details, including name, street address, ZIP Code, state, country, telephone numbers, are global by nature, and are

maintained by a netpage registration server.

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

40 way.



associated application ID 64 and link ID 54, and determ nes, via the DNS,
the network address of the application server hosting the application 71.
The page warué9sisses the pen 1D 61 to obtain the corresponBChgUuogers11 D 60
fromthe registration server | |, and then 5 allocates a gl obally uni que
hyperlink request ID 52 and builds a hyperlink request 934. The hyperhnk
request class diagramis shown in Figure 44. The hyperlink request records
the IDs of the requesting user and printer, and identifies the clicked
hyperlinl: instance 862 The page server then sends its own server |ID 53,
the hyperlink request 1D, and the hnh ID to the application. 10 The
application produces a response docunent ~&tcor di ng to application-specific

| ogi c, and gbtains a _doc rom an, | server n sends
e Gocanente e YABE SR vt o O erl EEPLR oG e et 9 ey
,al | ocat ed I@eftlflﬁﬁgéteh@rpef\?ﬂ“%‘ hforrppionysil @dsie iRl thpaseyer @@Fﬂ/%ﬁms gnCprm. pipfersigneducation, or
hyper | i nk reguestier)dbves Thaieas sge coRdndp@oe: rags ver sends the hyperlink request ID
and application ID to the first page server to obtain the 15 correspondi ng
E;g;r IlanEn?Fep t&olép {seer{]whlo c eo)g(%lorrev Oa? %nsonals 1nff1%at%n for,a ?e;[/tglg%gue SES5 Ehff m}oheﬁloégs%ueséedlbgéxg 23
page ser ver’d‘?ﬂYFﬂt BPaRe e STRYELARETIID (hp dpearicd S“éh‘ﬂfo‘ﬁla‘@é aF"EIé‘S‘W"’“ Bedrageha therbesisivétip y
al | ocat ed plageraphDsissbatutet: igh tgpph’s TRLHZON4 CAdds t he conpl ete docunent to its
own dat abase, and fi naIIy sends the page descri pti ons to t he requesting 20
printer. ni n sact.i.on | D

T h | i
55) in ach L)éé) S:I;e{\ H)rmt%r a}prgl{caugn Browc{;r;—a sha! a?p%cay on, s 351%15 1hs ov.g umﬂue 1Ee{%r}1er anld[g'ne netp%gf.I

erve
messagé serffg‘sf“tﬁ“”‘t e apprRt &t f"'Bﬁ‘?“Sh’FhP%We%{‘l ‘Peﬁ\r\ég ya “a%ﬁ‘l"? éattdh g8t BHIEh a
t ransact i orupgecd fuplisheciorspanritking ofraprifpaontmyppidar, Iamdmlpuba@thnwatsnew kinfXBapplfcatiphe
hyperlink requires a user alias, i.e. its "alias required" attribute is

set, then t]ﬂﬁl ugc'r gog%amgglh&?eﬁ YoSike aﬁ)elﬂgﬁer Q%}nner} §B§ aﬁ%&h bRteﬁr:}'layaaﬂgv agly ﬁg)ber of users to
hyperlink's a ot

I ca ation
Tt tho uSti i BB aSHUTA S (4 T O AP RUFGE YV A4 P e
cor r espéndirigied v derhrad apﬁﬂwe@ém teprpriptey ﬂawdh Viheh thegieer is firacting. Theyeshverdkeays wddleofathicas
D in the neusage Sead uhdizdieprhagphd at bl praldl. 0ydbigerincappkd u@ab bRy faGicular
est abl i sh g 86 REGLEIE nC@®Vnetlis LRkt N hyperlird: activation. 30 5.3
HANDWRI TI NG RECOGNI TI ON PROTOCOL When a user draws a stroke on a netpage
wi th a netpage pen, the pen comuni cates the stroke to the nearest netpage
printer. Th‘@hegflrseslé@swféﬁﬁF%Pé%‘cat!?vé%b‘ig@blsﬁhms% (papHicain piokider fayeauthTited thpriptie er
f or war @9 t hespqoieial phifder Gidthe visd’s deminpripted. THisenthdriBHGZ)n He reokpieg@y il tyGhe aRAES fsakuy
path to thenaﬂag,em%%mrbumpemsgeagc b8 Wadle 13D, IVAMer is BMEoriA BFsSEFMar hRRE Bied

page descri d by the page ID and determ nes which input
el enent's BtMQ&ECS%?IZ&S?"‘?'Icahtd'cuse(;?‘lpéﬂl%stroke intersects. Assum ng the rel evant

i nput elenent is a text fleld 878, the page server appends the stroke to
the text fi%kond dingd o dkate trpkorresABIORIE user ppyie maigtaiwsfl by arauitulay petpyge iragisttatie sz en ea bé
the te@5 fimsdynd el ypgage server sends the pen ID and the pending strokes to
t he WO 01l 89838 -39 PCT/ AU00O/ 00517 registration server 11 for

i nterpretat] he istration server identifies the user correspondin

to the pen.h Ml B B ER Sl ArUE HAREGE PiT R RGN Sg9: g Torie

i nterpret tdaemgtsepRetreddiriberihion e dabe paayepientTprinied qnthe hearsst petmaseerteed t he
strokes to text, the registration server returns the text to the requesting

page SEVern IS Pe86 SELNEE ARPERES. bAG: bl ks .&nbl%ontlﬁe&%nsvoallda@neoefmédh@m@@xt
f ! el d 5 5 4 uﬁlca IOI{S Ipnrkelg'on tEeiprowder sPrmgr\sl gxc mcome cau% fﬁ‘&u%e %’Elven[glag geédlxlckt ough ijees rerecomtmercc

whose zone &t page server
10 appends PRHESSOPS R Engagiop fgs: I%‘I“‘g’ﬁ%i?rlﬁ"é“ef‘ %H‘C‘d‘“é “’&I‘bﬁ“ﬁ%ls “‘FPH(‘“T%’”L“%T a period
of inactivity in the zone of the signature field, the page server sends the

pen I D 61 ameh u'@ahﬁsom@r:lQQtﬂ]Q’,a&BJn@ﬁ@ﬁmghQs bl @ aE&ﬁha‘fetxﬁx@J-&eﬁlB arﬁ@fe&f@fsucﬂgstlfogérdescnbedm
\(;](:,‘I‘ :I\:L: ? ![ hge precédm?%:a?a% Eh? anfa dt dggls gpmch?dﬁé Ina(}:)nrc] a:dz}:r%ssfsa%? %ﬁ&?&ln%b%% g%atl gre%reri%fﬁ S(Pg m
current dat'® “é‘Bﬂl't’né‘?‘fi’ dgprery *}’i‘%mfaﬁ’r&?ﬂ“ seiRes ?“é@ﬂ“@‘frf’%ﬁ“imﬁtﬁ ERFR Y CPGERE fof poErs epopdsd
user correspoik $1§ fngretin 819pterd hapfyding ged! §1h eutarst@nlly snagipndrvl the systepm atdAEE payment
bi onetric 8&hd adegunty @N ivfitywhich € cosirki0dg@ineRSeal R@nadbSer ' s si gnature. Once it has
verified thessi gnalidli@s k€ registration server uses the application ID 64
and usef, 1D 60 to i ser's applicatjon-specific private

o gnat (% e P et et BB e AL LORE T e ool T e
form dat a, wuspnghRy teaysigm Asthe Ye's dehg - ﬂtaﬁorggngﬁﬁtame@dwf Hﬁs Véguesredryopiet of
server. The page server assigns the digital signature to the signature
field and sets the associated forms status to frozen. The digital
signature includes the alias ID 65 of the corresponding user. This allows a
single formto capture nultiple users' signatures. 20 5.5 FORM SUBM SSI ON
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A preferred enbodi ment of a form subm ssion protocol is shown in Figure 46.
Forni subm ssion occurs via a formhyperlink activation. It thus follows

t he prot owa oiksRisned in Section 5.2) with sonme form speci fPET/A80#/00G50hs. 25
In the case of a form hyperlink) the hyperlink activation nmessage sent by
the page server 10 to the application 71 also contains the formID 56 and
the current data content of the forui If the formcontains any signature
fields) then the application verifies each one by extracting the alias ID
65 associated with the corresponding digital signature and obtaining the
corresponding certificate fromthe registration server 11. 30 5.6

COW SSI ON PAYMENT PROTOCOL A preferred efibodi ment of a commi ssi on paynent
protocol is shown in Figure 47. |1n an e-conmerce environment, fees and
conmi sSi ons“’hr‘f‘ﬁif‘s*k%“‘Bgy%{%f%agfa?‘ﬁ‘rﬁ‘g&ﬁ‘lbppl i cation provider to a publisher on
.click-throutghd) tHaReddti ons and sal es. Conmi ssions on fees and conmi ssions
on conm SSiMAsystMiadisa hBerypapaddneach hem tehd, jpubligsiane dodurtfeetd) ictddedBr theOfser
the pr' nt erthrou.%ﬁmg_ﬂ%aégy)@t@rﬁlﬂ 195ga51€egla|@ascfate B@ré%st a%re%%@l@mgcfam(exqugﬁnc@ls sfofon Blthe class
comm SSI50n reamlt Z{nt e target application provider 70a (e.g. nerchant)
to the Sour®E™4pBI&"&4ti on provider 70b (i.e. publisher), and fromthe
source appl#tati oNHrPEUTRASFLMOW to the printer provider 72. 4d The target
appl i cat i onrhe egegevesicatitnaertey pemhticily layenjuiBstagerifetcd neet shyersqpalge psigicay@iron 1 Ecrivhen
the hyper | igkiod tad §ihcs to@bdvirMaheRS are B9hed8S 6INREEmhRA REGTEOReyRire Placc Y BERE Jaglz%efore

target appl eds to credit the source application provider)
sends t13’i d’iﬁ%‘ﬁ%f%@@% -40 PCT/ AU00O/ 00517 application provider credlt to

the ori'gi nal page sen~er together with the hyperlinl: request ID. The page
server usesTht zerfsippatid fordseqtigqparetg tachieBd wih widlirveryihg/adtekiginsotins creindydiod! ipgest within the
and sends tB&or i@k hd 1but kigoritaR Explod 1Y BudtalgbrRGH iSdohtAbrb DR 2t BBt WRE-lodede R @ EiForial
Wi th the S%Erf% m%l%g o'm‘éﬁ’%tshc%s b BR0P s rol I%Lfﬁg%}éﬁ?m%% &Ly iR e ﬁ»gﬂgngntg?ca YRELlLRK

request e regl st ra Lon server I'ts the corresponding application
provi der' s HEEANALTESFf"E4PEE notifies the application provider. 5 1f the
appl i cati on provider needs to credit the printer provider, it sends the
printer pr ok ei@rialebi@ali sblected fob eus® incRiiatx PAGRcIRQTIMQES aﬁm@m&aﬂmmmhucta&emmg to
hyperlink reghestnetidhiesIhe page server uses the hyperlinl: request IDto
identify the printer, and sends the creclit on to the relevant registration
server together with the printer ID. The registration server credits the
cor r espondi Thg eyreipreecey ingliding fhel esfectiges efdprpnd Belselectianepf qefijeriakbnipng et prleiaiednpeohs layout
provi déi0 i shaoptiegaiab kyemmod nfré @delpichitva @e u@estate seetfon tikr@refedfi@cthe &pph bie atefe@fe
provider) angndRe:, B hathdlon bR b&iﬁtrmeoahm&mgmgmaayio\!dawmgua@ sour ce

applicati on, p I‘OVI SJUPJ@QFD%!’% page Pen Description 6.1 PEN MECNANfCS 15
Referring to Figures , the pen, generally designated by reference
nuneral 1019 th“cﬂ"‘ih‘a‘@‘éls BRI eﬂiffd“*fé?efﬁ*fm‘tdﬁ@b‘f“ﬁ‘k Ryfeistept %Fﬁ%?“l“&%eq?%ﬁj‘lﬂ&l?‘hg
having wal ls 103 defining an interior space 104 for nounting the pen
conponed® s ThB@rife esdcRity kHoanish i e RPALALK GRr:@nabeaint ¥ MRpOLET eationAQREIn@BHich 06

of the houséhi{}l& thfén nﬁnﬁ?&&rs'teﬁl $ RAY S %@o\é&ﬁonlﬁ%m’s 3t tﬁeep%ééﬁ%&étﬂf b6 08 Qéo'nt €

end 108 of housg g e _cover astics

is formed fPEHE LMoY &H@BB%WE %ﬂ‘%ﬁ‘i“'é‘?w‘?‘ ‘%?gﬁfe%rapF%f "‘é%%‘ﬁ‘?séf‘?" e user to
view the status of the LED nounted within the housing |102. The cover 107
i ncl udes a mktmbjp:acohtmﬂmlymmhu t&dﬂhﬁrﬁs&fﬁdin&hd BteSsibleMkifiBengube (avig udSheakieisibr

housi n@mOZStﬁaﬂiet@mgﬁa &@L)Impn@meg 5O bkl We}lteqnormtm %@Jp&dgwthz ,regm,rttmlme
part 109 and f| espon

of the hou SI n beﬂﬁ et w 0!1 mduscc):as%}ﬁgjemﬁ ﬁzrow eigygthe laylg[%un? tgaobﬂ)ectﬁozgaé{ls ‘F]béﬁpr O]g %e cod]és ta
portion 1710cnabliaptpmafic ‘faf*ﬁé‘“??oﬂ{]‘é?“ﬁ?jid@@?h““St?? Riyis te H¢ whagsrrgomgiEoundi ng an
_aperture 113A on the cover 107 are arranged to receive a netal end piece
114, i ncl udiNigage %Jc@ﬁd@&ﬂgﬂlrﬂﬁc i® @15 WG A0 RAES-bakdaRomplddRd iNBe &€ RGrafthicR6i6it cheddd 2l S

rermvalog; tﬂ)g‘?a %‘?mﬁcaf quectgrq.Jrr %Fomg acenent. 25 Also nounted within the

~cover isatri -co stat 6 on a flex PCB 117. The antenna 112
is also mounted on the f | ex PCB 117. The status LED 11b is nounted at the
top of the ’p*@ﬂ]ay@gilself g)psisg@@‘)@j sezi¢s|of plpced mmeze\andsgrdphi¢ btﬁeyt_s, linked textflow objects through which text
objects flow, hyperlinks and input fields as described above, and watermark regions. These layout objects are summarized
in Table 3. The layout uses a compact format suitable for efficient distribution and storage.
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The pen can operate both as a normal marking inl: pen and as a non-marKki ng
stylus. An ink pen cartridge 1 1 8 with nib 119 and a stylus 120 with

styl us niwob2kosmse nounted side by side wthin the housi ngpd1RUo0EosITer t he
ink cartridge nib 119 or the stylus nib 121 can be brought forward through
open end 122 of the nmetal end piece 114, by rotation of the pen top 105.
Respective slider blocks |23 and 124 are nounted to the ink cartridge | 18
and stylus 120, respectively. A rotatable cambarrel 125 is secured to the
pen top 105 in operation and arranged to rotate therewith. The cam barrel
125 includes a cam 126 in the formof a slot within the walls 181 of the
.cambarrel. Camfollowers 127 and 128 prOjectlng fromslider ~5 bl ocks 123
and 124 fi A%h.n “bgﬂﬁnﬁﬁtq 126- ftULquun f the cam barrel 125, the
slider blobks ¥ of 124 V% el atie t 5088 other to proj ect either the
pen nib 119 oPYEyl s rub 121 out t hrjoudfret Bdechol 122 in the netal end

pi ece 114. |ddye pen mmmas three statles of operatjon. $y fumng the top 105
t hrough 90| steps) the-t tates—at —%gﬁrus—t20 nib 121 out; Ink
cartridge L18 nih_1ﬂ§?%abﬁau?d kafhEE?Fn cartrifdge 118 nib 1 19 out nor
stylus 120{3FaP°| 21 ¢igfior WD 01189838 -41 PCT/ AUOQ O0S17 A second flex PCB
129, is nounted on amlcebjeat i cs cha®¢¥ds 130 which sits wthin the housing
102. The seg@ard T eﬁmﬁﬂﬁ?ﬂ mounts g imfrared £ED 131 for providing
infrared radi ati on for—preojeectton—ontie—thesurfaee. An image sensor 132 is
provi ded npunt ed on;{ﬂe~secgnd flex HCB 129 for receiving reflected

radi ation fromthe stigratiext obistiDsecordVif*®x PCB 1P9 al so nounts a radio
frequency Rpdaink33, [Wfd Ch |ncTUaés an- RF transm tter and RF receiver, and a
control |l er}chi P 134 mi—U| controtHn —OPet att+oet—of the pen 101. An Opti CSs

bl ock 135 {forned f fom moul ded cl ear plastics) sits wthin the cover 107
and projects an inff2PEaioBEaRFont o tHe surface and receives i mages onto the
i mge sens@reldl32. Power supply wires 136 connect fhe conponents on the
second flex PCB 129 gmmgttery ctontagts 37 whithi are mounted within the
cam barrel | 125. /\te%;ﬂAmaL—;SS—sennee%s—$4y44ua—battery contacts 137 and the
cam barrel [125. A tIf"8% volt rechargdable battery| 139 sits within the cam
barrel 125Watersaht a¢donevi th t he batterly contacts. JAn induction charging coif
140 is nounted about the second I ~ fTex PCBIZY to enabl e rechargi ng of
the battery 139 'y &ﬁdhﬂp#gﬁk v The second flex PCB 129 al so nounts an
infrared L D 143 an rared phot odiode 144 for detecting displacenent in
the cam bar’ 8F8 5k &R P‘E’i"’feﬁéfrefftCﬁ’é ISIOHIRAnd BTy SiPrpRd OF KPR POl R ST TR IS
used for wwpige iyt is separaiod haythetsinred pligots i whicldisefers-mi nat i on of the force being
appliedsto the surface by the pen nib 119 or stylus nib 121. The 1It

phot odi ode V;h%ﬁl Q@J:r%gé ;%bllc!ltigxhits refaJ QMBtcnglblltﬁ &mm%gub%éagon sg‘fel‘ ﬁ]ggagsr §1H{Melp%p&}¥m)
nount ed on dB g

and 142
IR O R M T e
pen 101) and top 105" also includes a clip 142 for clipping the pen 101 to
a pocket. GhefRiNnOENERObkRiZEO@bpeof titGibred @@ iranged a talticke themelifon excit doet, and
posi ti @D Ofineh tass efth BedsBdcib uﬁmtmub td &ﬂmm the nlkm@a@ Eahideldl gﬁchmﬂbca;yltae) shma csnmgeagy

in the inf e {%é’gllltsﬂgs%}vgr%n}z %(l)%&as a%ﬁa‘usgr 5 1:59:% tos LHat usarC Cegmrmr via %e apgrgpnnt %e sgrfver,tanae whgrln b.

It records t I'S ‘arranged
to cal cul at't PPIFfERSTHE SEATREE ‘B‘F“"?SH 8“" ﬁl?a’lﬁd °2ti“t 6’% “‘? SPTQF‘“]‘ ‘fhﬁﬂ‘r‘ilst ﬁ%‘” FeErivEE fominteah e"“’h
utilising opekcs ABEnaMdbsaben oty mhlgeast ctaings p@ified if e pagoimytp Pirg theriltjgast.32ch page
cal cul at es srite arptid eddadtOfomOthe ﬁldhﬁasp&rgaxﬁnﬂsetobjgctsﬂEfE}reﬁ -ty ag palié &ioatmcmeh ﬁa@@mvir?e
per spegki v tag. 25 Uilising the RF clop
133 angsan?ggﬁih%%%hgmnggﬁgg%%%mggﬁa??gkgﬁ?f the digital ink data (which is
encrypted for security and packaged for efficient transm ssion) to the
‘conput i ng $Spestaernter i epeivedid tsabiccls & which Byngas layutsaefindiepiines re;crepits dhe Sillypopadtedilat
data is tr amsmhtdedesasiptidtsih S f or med. When the pen 101 noves out of range,
digital ink data is buffered within the pen 101 (the pen 101 circuitry

I ,I:] ,(,:l Udgé,, a L})Ef %_o%al rc{m%targeesqhetpgntéggnnsepﬁggsl f%leg Lﬁan tk!e}n cign be delfvgr?d’ As];umfmg a quaner ?f each page is

_ C c%v\ered w1th lmages, m%ra@ﬂqa@ggssague qigss p@ﬁ(}% @‘ye@@gc_[yan therefore hold m excess of 100 such

pages in its internal 64MB memory, allowing for temporary buffers etc. 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 a broadband network.
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154 are also included to interface with the RF chip 133 which includes an
RF circuit 155 and RF resonators and inductors 156 connected to the antenna
112. The wowsokisi ng processor 145 captures and decodes | opet/aom/aaia from
tags fromthe surface via the imge sensor 132) 'Jr nonitors the force
sensor photodi ode 144, controls the LEDs 116, 131 and 143, and handl es
short-range radi o conmmuni cation via the radio transceiver 153. It is a

medi um per f ormance (-40MHz) general - purpose RI SC processor. The processor
145, digital transceiver conponents (transceiver controller 153 and
baseband circuit 154), image sensor interface 152, flash nmenory 147 and
512KI 3 DRAM 148 are integrated in a singf#@ control |l er ASIC. Anal og RF
conponentsnéRF circuit 155 and RF resonators and inductors 156) are

provi ded i P'FhES EPAPYCEREECh " = PO THE T T aGEe s € RYET ! | &kl “?‘1%&12915’“1&5%&! to

. CCD (such aeranstyyrajessupplydefere epribyr sNet sessitanlatoBiestraipn by porati on, and i s
described in a paper by Itakura, K T Nobusada, N kusenya, R Nagayoshr and
M Qzaki, Aol RO oo Bhucchal mloD) bTRI, (IR GHind; O Mt&g@t%@ ug%tf@mcﬁg&tegm

| EEE Transacti ons_on ér oni c "‘Devi ces Januar

which i8 i MEBPSHY Efteél&‘Pﬁ%"eH“ o SPEPE A waerff?%tﬁm FoRefs forrgsprultiofefigWhen a crlucdl
control | er MSbedf1Qupstinteesive opa igpubeseisnthe sgva teanuliifaptethe qarrqaepding chad objegiact i vi ty
when t he pemncdDdocinsentn©prmicd) 2GaMdr @it pradhck Bn &ad dipfi@€ @t any timd WeOAPRE B 1@ outs and
dedi cat ed cgogt&glﬁt,mﬁgleym %hsegprm tors the force sensor photodi ode 144 and
wakes up t cont I’OODE ANDiocll}JMélle?' the power nmanager 15| on a pen-down event.
20 The radi®’ transterver conmuni cates in the unlicensed 900M band

nor mal 1Y usW®ign Byeteagy ‘H’F‘@glé isprepesish i sand. i cam bey nteqnalizgdyaid plivesyd infach the Seme Ay 2
2. 4GHz i ndusiiddicalHowsved st thefelicnoatndd ¢vrtelit, dauvery(ib ) dito@im ob, the daaekstiu s @igtefwitBg UBNGYHE
hoppi ng and,@@ll i sion detection to provide interference-free comuni cation.
In an alternative enbodi nent, the pen incorporates an Infrared Data

Associ ation (IrDA} interface for short-range 25 comruni cation with a base
station or Y&PpEGEPE] Rempnt is peAregedop flempndyit ‘e‘t?b'tﬁtﬂ?“ﬁ‘t%ﬁ‘t and it j5 deliyred Vli@i“‘?‘h‘&‘l HaeE a
pai r oflSor t rogtmatveaeie rdurmarsitaer Stprep tnatred. 4 wipbdh Ormgingreiver pla gueel nfiantelrta pPee
101 axis. ThRiAGERNE/ RORIHE HrikBR: s35& ha ROWBIgE iF v Ro@ i@ St dBeudBibliods, induGr8bbe’s
outline. 3%2%% D‘E!Su%lt %AHS?J‘ (P% &Qﬁzﬂ&&ﬁmﬁ&&ﬂﬁgu@ﬁnﬁ&?% ﬁ‘éca&e*& ﬁnﬁ”@?ﬂ'nﬁﬁme &f

the pen 10l to I on

al | owi ng t H&® *F%Eé"ts‘?hif)‘ﬂ“ ‘tfét’ﬁgn“tegp%%t°§’ﬁsr‘?ﬁlv@ﬁpaa‘ts ng PR Q’E“@t W‘ﬁ‘a?dﬁlelc’f)“(?“a’?’?olhcat‘ ag
| D can t herrujoriaipally fingluderpll G¥b eveges difectly diked ésthe regiteited rragenBinm uger pryJing jthginbelgmion Yiea
surfac@0 Fogrer@sapl €) if the object is a user interface input element (e.g
a command button), then the tag ID of each Iocation tag within the area of
e P She B S S ahASTLLY Kb LS L STERY T 2CagL L
i nt egrat ed WFTH decanpleromatep e feriging aiut Blg H‘Ot"lﬁ@t %frﬁ‘tffa'ﬁ'é 6‘19@“50‘@?”6%% foyn bath die
posi tion. Sicneeprinkems harpighgrzqresdr, ndiiesthovieig oftbemetkge sysemfotn Wemowns. onl y

rel atipg positiofsuMiyt hin a stroke are cal cul ated. Al though position
integration, pccuméh@trceaﬁmgj‘;rors in the sensed accel eration, accel eroneters
typically have high resolution, and the tinme duration of a stroke, over

whi ch er r or SYRKSERIF Uiddo PPEct stve mformaien byt imeierasg andsin riqelt Adde upbprtippegharties to a
Descri pt i onrafsacfiorPRIE BR tNECRARI oCSyRETHIMUIDOVIGEBRY usEh escrotdest brgrdztaghy rpd) meb&dkey
net page wal drptobrith@ Mhedagd Btwi WA both dbskey oraSReFERMyed in Figure 11. It prints
net pagegy on Letter/ A4 sized nedia using dupI exed 8 /i'" Mem-etTht pri nt

engi nes 602_an 2 uses a

baner pat h TRRAE BRE. P G SR s BRI e R R PR PG e
602 and 603TwepRidds wishineie exthenehmesjagteguspifrst grangh wetewdy sxehiageatesstiskey, in full col or
and with full bleed An integral binding assenbly 605 applies a strap of

' gl ue alo ng RHe- L@)dg'?ptogrfaph? aaﬁg' reﬂrrédrtg g.gasm%t: 1cryﬁ$gl'aﬂw ek tlv& CIIC pti@td tla?sr Qhe Qo tké}/@ are
pr evi Olé% S hea%ht attcaﬁly relgteaem sueh aw ?gat f:ﬁmeskaﬁe encryp]ger us one%ey Cﬁ'l 09]{( e dec émgdtﬁ %&ﬁr ka)? ed

docurent 618 €ss onrone”s

' sheets. ThePre@pihge é%‘(blséhet‘ nghse’ér Yhilp B ethe et SREKNTF PR Y tsesest@ ABPh P SRR h
t he dupl exeidiepged fertthe iyt o dspriviielsy. Bha@ ddeptsi vorg tieheiibiey, 8 mEsoge @it @iy hgdefryped tding ¢he
adhesi ve, affaERsd Thus WRGRAGAan syclkll GMbhand? lndGdesanibul @ hANLE S ckdlhe a sdhexe ?.anaieﬁtg@

al so contai tﬂéth pr[y!ttglgeg)ls?elct{re 1“5 Lt%rgﬁ fol‘ Lnehgldpgﬁheeprqgéeg noggenetgtg%eﬁkgagro air Il ter

interfaces wth an ai e therprint Vi a se 639. This pro
15 vides' filtered air to the printheads to prevent ingress of mcro

particl es ibls-kesreypiotrrrhetabe used to crepth edigls! s@BBGrenkie bdidendf ghh privet keg prnsreatec] kogmthisk
printhead nozzles. By incorporating the air filter wiwthin the cartridge,
the operational life of the filter is effectively linked to the life of the
cartridge. The ink cartridge is a fully recyclable product with a capacity
for pr| nt| ng. and gI UI ng 3000 pages (1500 sheets) Ref emng to Fi gure |2 the

. - o . Y. . o M . - a



35 The gl ue wheel assenbly 673 consists of a partially hollow axle 679 with
a rotating coupling for the glue supply hose 641 fromthe inlc cartridge
627. Thi swayxd1®9£389 connects to a gl ue wheel ) which absor bsperihesi/ne1by
capillary action through radial holes A nol ded housing 682 surrounds the
gl ue wheel, with an opening at the front. Pivoting side noldings and sprung
outer doors are attached to the netal bracket and hinge out sideways when
the rest of the assenbly 673 is thrust forward. This action exposes the
gl ue wheel through the front of the nolded housing 682. Tension springs

cl ose the assenbly and effectively cap the glue wheel during periods of
inactivity. WO 01/ 89838 -44 PCT/ AU00/ 008417 As the sheet 604 passes into

t he gl ue wheel assenbly 673, adhesive is applied to one vertical edge on

t he front §Fﬂ@“?§ﬁ%ﬁ?“FWHWWFﬁ@hFW$§?m?ﬁé@?*HW”&”H@EUW@%PT“ﬁémVW“W§h“mmmws
_transpor t edhed'gzmatuedf the hdder df éop ghivatg keat S/8leredpécyto GBpartigilaPmdefRbeNY By OGINTRDLrk R hash
ARCHI TECT UREinglthepuRR Ik agE€ veRying) Ih@ﬁasiﬁt@ﬂfﬂsf @A h&ageC B S kigdafire &f ap@Rnde @ e Aledsdgk) Ghen the

processo r rgg,iem%&tpea,gegsgge Yo b33 lh?t Qrssd 1? e Nntaal il q%&oﬂ§%%ge¥e§b Ig%tég rface

nodul e transcei'ver (trans er contro and
circuit 754, RF circuit 755, and RF resonat ors and inductors 756), dual
raster i nagle mkaudissegrerypEieply REPEey BT o bd g pheir ddriterprblie kayd wiich puoehts ixipbrespation.
760a and 76 s dohmaB tofFERmY ofriifidas, andiirelini&d Mihdbifies DRAMAGE Authcdiy 1d d thibigt thidto@e vindh
Fi gure 14. a-l[pe%tlcgt@sq{m cgrlnéc'n&g)etggef?gm&%y EQ@“QJQIL(9§S ﬁ&mﬂé &ffiﬁiéag %t%ﬁ%b&nk@%e 950}{"9r k

19 and with W rel ess net ens 1

control.s ¢ HEMER TR PRE S TERE RS AFS TS5 RIS AR S HOHF DR Poa %%%W
R P DSB8 75ipuilsae nyblic ity &nyefie rvbo e the esrtifiestequtzasity, cart yse ppiblicdeewsin i cegfificate with a high
nmedi um per f dgaBNE@INGEREE Akopitl POSE! s Gpfy GReESAtifcatd ke inGed HednBiglel BiGhe certificate

pr ocessor YQQOMm@hﬁ@ﬁegﬁwm%Mt he print engine controllers 760 via a

hi gh- speed serial bus 65 15 The RIP DSPs rasterize and conpress page
descnptions to the netpage printer's conpressed page format. Each print
engi ne contlp G ErSEYP KMETEnmerty PIVETYSY SMRIPSPPY it SbpHefelo ot distal Epmaires 23is's sEtelt ed
Menj et 48" phihiid se@acsBBBys. Srcreteka orypiogrmphy(is usel foralt ottev@mosd) pages per minute).
The dupl exed print engi ne controllers print both sides of a sheet

si mul taneoul§ ¥followm dlm%Issmg hg e@c;[nceelsnlgalde tglhggegtgigtgalns!m?sgm o@ ﬁ)rmapcgtbrtgeleé t[}? ?a e
transport and noni In i'n_conjunctio th t { ch 665

and the i nk"t&FYE |“ﬂ@fé"“@& hélﬁ’F“ﬁ‘S ‘lth‘e PO s Be Feﬂfre‘*l"er%ffﬁﬁ‘f PHientiges § with “éf%‘ﬁm%%ry
658 hol ds tdmsficgte huthndiy.@sef by puBotkty-ckdazprpo 88 sotificdS0 exanuke b kperetDESRE kHF5th taservae| |
as conf20gura h@Rseskad sdoret sERioSkel) & eeBPHIRGheds e TFRI NsefIBNRY, By &BrftioAleanBO@ bn dthdiBly suddne
processor 7pQ) DSPs 757, and cligital transceiver conponents (transceiver
controller 753 an nd_circuit 754) 25 are integrated in a single
control ler &I C 6 %PAGREQWSQSTQI”—“EonponentS (RF circuit 755 and RF resonators
and i nduct ofag "PEBY Prigteids svsdiageith! Pninuaidenifise pidime ofPRoisiuge wWirigpere sigdin prad-gptyrniemory

i nt erface nooeprtedRbin hSneHRP BB sebierigtebasad Shiag 8> (hid pathe in8 uidublpiventifrethay@hinos K
connecison traef:hctp? e deRolk Oy =R BELER: Af is fbBlnth REHAG LS rediteRt bh dFRAPLY 658 and
the 2x256NIbit (64MB) DRAM 657 is also off chip. The print engine
controllers 760 are provided in separate ASICs. 30 A variety of network

i nterface nteffherringDEnngREo b tipped devorelacthy 5t BY5 ik itiet pale sirragriic/prvate

i nterface 7isdpaaridrappit tivrseckel §p agd theotdik keg eaaqpelt te the oatpagradzismida servet. Elrefserpecomis the
Net page netsed ko &gahsemag{mei I frRR@Red iA @t 4behBusd 6l SccbPRAR MBristdiiDiE inél ki, 1GERAX

(HFC) %bl régpsqiﬁmg'ns c%atgpoq am§ &Elﬁls a'[u% kgyr Q\E‘ &&I %er?ﬁ'cat in the

current and next - generati on cgﬁ (IDp\?d'rte ﬁ) one tra scei vers w rel ess

| ocal | oop CRFEY" PF¥fscei vers. Local int erfaces i ncl ude | EEE I 284 (parall el
port), | OBase-T and 100Base-T Ethernet, USB and USB 2.0) | EEE 1394

(Fi rew re), ThaRdhajtadgisutich seeicq hatGeriaBanhed\vor deipaae) printdts 8mtcat@Siceesk fo s@feilinfadmation

" Internet coppaGtiiOR:b SfVadnli@b!l € on the local nehc~ork, then the |ocal

net wor nterface can be used as the netpage network interface. The radio
transcelver 753 comrunicates in the unlicensed 900Hz band nornmally used by
cordl ess t eVVesphsisesbseres i pudkicatianiaveprd isicigatedtie the) prtege ats s Egonseneipabishtieizmg Bip |
scientific mbithetmegint@d publicdbivb Jhe ipandsfaud pthtetld @ Speéifice ghinen ByeryhioPinmsgnt @NGhrinter via 2

col I'i sion dgt&elet 9 RMddeRedd zqa\i&lsiﬁ: dsémﬁﬂsfs@}ie@% pﬁ.ﬂgh%r LQxQM&lﬁﬂxt slp%te signa¥Pxey. The
gﬁ/ Isgfsfsr egS ngcr-vl;lr \%131 Se(s) (\:/1Ia315re str-al._th eda%kl nEh the (F;L?vpsrher 18 fautheonzeg Btdleh(\)lerll %e pué]lclfit{(])g t(a 519 dnec?fieg
from dé¥l ceserstie ﬁagaéewr—‘re‘teﬁé@@c wmﬁ a%’g ”1’5 RUbtherzs| PHRYAEGY Wﬂ@rﬁsﬁdbeﬁéwfher St‘ﬁ’éﬂcate
punt er usesstdrddén therBiratigntdgabhsace for short-range conmuni cation with suitably

configured netpage pens. 7.2.1 RASTERI ZATI ON AND PRI NTI NG




5 Once the main processor 750 has received and verified the docunent's page
| ayouts and page objects, rt runs the appropriate RIP software on the DSPs
757. The WHRA/89&B r asteri ze each page descnphon and conpr eRGI/AHEN/G088 eri zed
page i mage. The main processor stores each conpressed page inage in nmenory.
The sinplest way to | oad-balance nmultiple DSPs is to |l et each DSP rasterize
a 10 separate page. The DSPs can al ways be kept busy since an arbitrary
nunber of rasterized pages can, in general, be stored mnenory. This
strategy only leads to potentially poor DSP utilization when rasterizing
short docunents Watermark regions in the page description are rasterized to
.a contone-resolution bi-level bitmap whi¢fis |osslessly conpressed to
negligible size and which fornms part of the conpressed page inage. 15 The
infrared (TR) |l ayer of the printed page contains coded netpage tags at a
density of Tapustresesisiktrapeirseryen ecpepts EAEHS P &Y PEHBDHUBYIZeRE Ihagdtahap, sofoagas|tDye repets
cont rol bi tagmiardvii yen daseted 0onRbeet. of each tag is generated during
rasterizatiQn andystiee dludhe conpressed page i mage. 20 The main
processe@r 7 asses. back-to-back page i es to the duplexed print engine
Bontrof Per EHEBPERRL t Sfrae Tt R Red s ORRERebR b P e S by S
page i mage FHn fhe eopes Eegipratine speyfatabaiidthe pea F} & urigrely joerees 8% pra AsPorPE e PRI nti ng
pi pel i ne. Page expansion and punting is pipehned because it rs inpracti cal
to store am eibhpd 8o 2dANBWI-duBME bt Mégﬁﬁer@aﬂﬁ_a ipﬁ%%ani MndWE D aMber 6 gens? APRK NT

ENG NE CONT Th . nsj I n Lpel | f 1 nt
engi ne gont 78 P92y vgﬁta@?%?aglgé%@%a%ﬁ%{g‘«;w%%%vgga’sFv ULl il ot e Bl
659, a 19t arferdrasoybres FEEDHRPTEESsonkeyt FRAF A B U FER Y& dEp e g Aisiy ink
cust om hal fit dwrersheorpoge thompropmat scE@bkey. Diaid ik omsveragnseticiodbrcle®66, a | i ne

| oader/fonnatter unit 767, and a custominterface 768 to the MenjetTh'
printhead 350 1 . jne ¢ || er. r o ! .
Buf fer ed maonar AL %wﬁ{fg%g% %E%f}g’ﬁ ¢ En B ki MG, o e
speed seri & TS PUEE PBE8 D PRST B GUYINE TBE B &8 “Pe A I BR BIRRION
769 andSpasseu =iht-uesgh-wsd basipif peassa@ngi ne control | er pipeline. Once the page
has finished printrng) the page just |oaded rs printed while another page

i s | oaded. V-\FIQE atnénrc&tlcs %ﬁlﬁgﬁngggf atppﬁer,pjler‘b%ll inﬁ' Enn@xﬂﬁg@xswh@lﬁgr thz%w Eat}ﬁother. If they don’t

JPEG conpressed contone CMWK | ayer) expands (at 764) t €} 4
Fax- conpt cobBt BN e BrcE ek e R ey iady vy R gy e

net page t aghdray/longa g Fings egicieh i usedly PRET ribihe migtedepgapdrknphiharse byt dpgsn’t, ten it
al | i n20ar ahiliagh the subhaicp@canthist pageure iittir@tiger (@t med b)kndwhie peohindrgresCivihd rane r
and conpositRe it the BRik pihdd®in PiharkiBM), alhdiCdme b diRks tﬁb\é@'gfstrattih\ﬁard&éﬁ§ul ting

bi -1 evel CMYK [ ayer. The resultant bi-level CMYK+lI R dot data ~s buffered
and formatted (at 767) for printing on the MenjetT"~ printhead 350 via a
set of |i néMBiffiPRlp &s PRlsdP: Bfpen (Raes 3 SPHE BB S e “Or BrEge Fon stheresidd Riep
DRAM The friemnak regtraiipe seperdattbsse ptiyae ofimenufibiern Derding regiftratiin,. thegpgrastansghitetits pka {R4to the printer,
(i ncl u@Bng dnd K@frindandnds thdyRn IRhetelbage rqgidttaidnR@RE TRSEHvar derktdd @ sqdsion RéyFQAE printer
interface 768:.n #QWA8 Re@MEhsls ksl NI P GineO Rt QhuhsliS: 48Ut ¥ BsitdSEFnbbred

uni son, such_as in a dupl'exed, confi guratnon, the re . synchronjze A

01 89335 - MRREFIRIBOF IS TR B SoHED iR P Yo R geogHe v
print engi rracpBg sessivp ke torthegreny Tha pep preresghesesyiqn ey inamatveinfesqdayige pinter 7 71) gener at es
the line sync signal 770 onto the shared |line. The print engine controller
760 corgoai NGitsugh PMESTRERTPLRFERSIH in e fen Qs8I PRER DS b BE pbdteh RAGEMEXRBARY ON
and rendering 'Jr, g{eggnlté ne, configuring the pnnthead 350 via a | ow speed
serial bus 7§§, an onfrolling the stepper notors 675, 676. In the 8~/z"
versions of the netpage printer, the nvo print engines each prints 30

Lett er pagewhepepreviquginurtegistaddprngs firh egiktonigit d pienglivgrnndft itlined pager. A iegidtyred bgi “wi-ng
~a line rat et §nd oltiionda 1oldd Qe 8 Rbuest bifd fiti Aetplade use &a$énaBra@dn bl roRBRAAGS user
printergs t . . L ages per mnute al ong
Phe shorc dinmatBkh B FRhESS HRER, Pl s it EBLMHBTIE POE 1072 ki

" These line rates are well within the operating frequency of the MenjetTht
print head, Thhpaoksed spergt-hay rathartirag prblicckessangyyptianbesavstis ha@iyvak bizformgnee qpsjraitts ilhgfiene
Control |l er and Tagedonemaderenss typically 12 inch printhead wwdth is
Co_nt rP' | ed 'ﬁMnéﬁﬂ& sfilem BIpbdrs lﬁ%sry @I%ecg:@§&£rﬁeggsqmg?l!icgé%anctcgup@As.l ﬂy\ﬁetp!’élc (iR} ifildes 2
printi of QQtp AAqud Letter pages. SI X ﬁhangeké qj c%hg%pd In ,%r%wkge
expect ed meRTHURPTH "ERR St BEERC DT REP K LAVT PORAERT™ T REEY BBIHG: ™ B
for regul arindiglenis 2yiofit foiprry watergarks fndfs coifigaekwhich e Praistls Hielrithaslicslek printi ng.



IR (infrared), for Netpage-enabled applications. F (fixative), to enable
printing at high speed. Because the printer is to be capable of fast
printing,weoissxsasi ve will be required to enable the ink t@avyudsbsire t he
next page has conpleted printing at higher speeds. O herw se the pages
rrught bl eed on each other. In | ower speed printing environments the
fixative will not be not required 2 'rJ A PEC mght be built in a single
chip tointerface with a printhead. It will contain four basic |evels of
functionality: receiving conpressed pages via a serial interface such as

| EEE 1394 a print engine for producing a page froma conpressed form The
_print engine functionality |ncludes expadﬁlng t he page i mage, d|ther|ng t he
contone la onpositing the ack er over th cont o

cending t nar RUTPEBATRAGE" BE © RER SRRty s E pREReEeun i B dpp P
control | i ngack W@es;smtamrﬁe%mahweetaéwﬁ&m thé?l@lde Wlt%m%etj aMeIdhe MAges wpkie@dd and
serial port&nbges’ eomminiegios iad @esighct o friiece tavvinteQhenchifrs whehlofeaegdiohade tidved @getist
be two portg,..ang Rig AninQbseRRed to ensure strong security during the
authent§cat|on procedure. In Figure 48 |s seen the flow of data to send a
docunent from conputer systemto printe Ead A docunent is received at $5
411 and Ioadeﬁﬁt%“ﬁ%hﬁﬁymﬁﬂ?t@Fw%ﬂ¥wMHéFé’%‘Ea@é“mayddﬂé“ﬂﬁy%b@“éﬂwedﬁeﬁﬁ
and any r egu kegicofyjnesihisnems.ght be added. Pages from nenory 412 are
rasterized at 413 and conpressed at 414 prior to transm ssion to the pant

engi ne CO”‘pEg%’J de Eeerﬁmé‘&%(?umef A3t b8 Eied %%e!hT lf%qt 19%5?8@9:72% %%%%‘%m*&é’sé’nbl:aﬁéf $ Fuot?‘?g%gve

i mage engi ne cont {o a menory
from \Nhesmch Tf“h%‘ﬁ?“dafoéc’pty’é%i“etpfﬁe%f’“ﬁ%@ aé%ﬁ%tﬁ&té?mme wher ei n page i mages are
retrieved. Any requisite dither mght be applied to any contone | ayer at
417. Any blsagk dhthmdn®\e! typicaly @fneitle@Bipad 6 £OMPAG kR AY Eheyl e ha Qi RO lRYEFs at

418 toget h%ﬁoto aﬁh"lvh%ﬁ% | TR tltleauge§ re%erélﬂb%met;mﬁfo&%ﬂp%ﬁ R?%ﬁ&%@;sﬂﬁ&,%%e ;29

printed at duce page 4 e print engmel controller"ta

conpr essed ﬁ ‘é? % ‘and starts the page expansion and printing in

pi pel i % WO 01189838 -47 PCT/ AUO0/ O0S17 fashi on Page expansion and
printing i svipt péefcabliya piupakppedbkeaatseiplelt cinSed Y @0dnticRby f@eSizQf Qatd in the

s: Zglb: ﬁeblextue\(et TﬁEW elzBomeee htmgsﬁt M acyise toy the mttﬁne of ttatocu%t@gﬁal ire tiddEment s
PI P lz_ugxé (%a contlauobs?ynF 8reve11t?t81r Prﬁp ctuonrh plortumsttc%Xréetrs % secure %C ent)vgngcafupn V‘[be

a Group 4 gsse X"SEl'e {5Ee

and ex pand§anabeG‘°b°lPﬁed4W1F‘a9é“1b‘tb ﬁ*ﬁt‘bé‘%‘s‘éd"eﬁqca“lc"e\iaé?’e P dEPRor| gt point-piprepegtation blequm)
al | i n2@ar akdfietion. The second stage dithers the contone CMYK | ayer using a
dither matrix selected by the dither matri x sel ect map, and corrposites the

bi -1 evel bl&%‘rky nelﬁé{r dthe w:}{e%nark rl1‘cl)§ thr gs% th(')tTnggiFl'hAre securece}n ac t9g¥a|Eﬂ ¢ ﬁnse erﬁ?tmglg Sprov1\§4a a

this, the tag encoder en

i mge. A f|55%%t‘?‘?lt}ébsia%1§/@r°“t“’é fOéaee ‘@@d@?“&‘t“édmgt‘*“"éa%h‘c"ddt Ui "f’tﬁffr‘t‘"\/\ﬂ‘?’erpé\/léﬁs o
there is a afrfeddvel ofiseaurity whdre iGs nepded, Y is K(ill nggentifeR ighian &ssries. The | ast stage prints
t he bi 2bevals CMYKiychReediadiaaiot hr ough the printhead via a printhead interface
(see bel owy, r{étpﬂa (sterd %ﬁéwﬁ&%ﬁ'aﬂ% a}e*h&vé}éd'r&%mﬁgﬁ) %eraf@}?%d% pggtsteﬂlpy%chllleh§x}

within the overa ?F[{)I’I nt er %s em arc ? vari ous conponents

the punt er "SYETREERSHGHE ™ PHETLER:S ﬁf‘t"‘?“"t‘s ‘t‘ﬁ‘lj‘ Pt %?‘tﬁ‘arrt roller (PEC). A PEC
chip 410, dreorhissyympns feédisenishasyeemt o fesiiesd & Spqupy ks ewpPle S BrigErditages
for storage in a ErecmoycduiérerMdd, performng the page expansion, black

| ayer g@npagi ti ngs@nﬂé@h%@gnm@ﬂg,@(tsgﬂata to the printhead 423. It may
al so communj ¢ es .a.neans  of
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f or st ori nglotvéve, monpitle ssedis pagedinndgety@nthedoors bgeruggdch use during the |,
printi ng of a gi ven page. The construction and working of nmenory buffers is

known g p3s ta@tlteﬁ%mtagﬁ@e@bmaww a%ertﬁ@ga%mm Y ap Qatudwiggga?tg@ﬂmng their

technlques
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W O 01189838 -48 PCT/ Al JO0/ 00517 using an authentication chrp. Since it is
a master QA chip, rt only contaEns aut henhcatron keys, and does not contain
userdat a wiowesesg it nust match the ink cartridge' s QA chipeT/Abme/o0@A7chip in
the ink cartridge contains information required for maintaining the best
possible print quality, and rs inplenented using an authentication chip,
Preferably a 64 MBit (8 MByte) nenory buffer is used to store the
conpressed page i mage. Wile one page is being rJ witten to the buffer
anot her rs being read (double buffering). In addition, the PEC uses the
menory to buffer the cal cul ated dot inforjration during the pnnting of a
page. During the printing of page N, the Buffer is used for: Reading
conpressed .pa swoNrdhaveme(ém OrgensgCCW| ting the bi-level dot information for
page N Wit =h %ﬁ conpressed page K1 10 Preferably a PEC ctup w Il

‘ mcorporatéza si M &A% 0- control | er CPU core 435 to performthe follow ng
functi ons: Intrerefpage masEA the né¢tpecaatidraion sepatatton apropt HTdd =tplpe tween the cirdpbldepdy 8T
run the steppeduhBtRf. at parallel interface 589 during a print (the stepper
notor rgquires a 5 KHz process) synchronize the various portions of the
PEC chip during a print ~rJ provide a neans of interfacing with external
data requests™PiF FeFanti ‘?‘\ﬂ“ei“ésg‘f’ ayhgpigateghecusy MdﬁP‘BWFed?Té’ayﬁéréﬁﬁgecﬁlfe P a8 g
wi t h pri nt heald ths bigmerirt ustdoipris pee's odiie aigrapgu erstisgng( o vighvadng rremdlisiigy and gressure. A
characteri Ziageipﬁl‘mblMﬁﬁ'fc%Sls@ﬂdseMyid'&sigﬁlﬁk FidfeHpant P @f intb @S Pen, affo@M hid Rigidtr mamwaﬁ
wri ting the ROELELRbG, A0 ule%;[},ﬁﬁ;%ﬁ}?eemohé}ﬂc x?b'i EUGEMESS, SRSt hengl DRAM Since
all of ;the rmage processing is performed by dedicated haré’ware, the CPU
does n6 have to process pixels. As a 2d result) the CPU can be extrenely
sinple. A Vihofest gerri¢ kg abisfto e SKTexnitibte esistertie uisris emisirie with the netpage maistrgiigy server.
processor amE L dask i A caudlitd efii@nbentPbHRC@SIS b gk, PRvwete biofeapeinbe taptuikdetht @fetinfe@dthe

cal cul ati Og%r ﬁﬁeqmﬁ@ QB Q! Thk Mswemcg@@mie@ﬁa st egisPRoE R @R 18ke@b 1R usSbird AR Ik
core is a il

with th Clﬂtﬁr % hp togr%gés also optbonallgoczg) I’ andqr { L[InEIlI gorda tI'he %ﬂ’“ cgdl%l'oéder rlgﬁmtré%%n Proclrg'sas‘}._leszﬁ/l
The CPUPcompipkict arkide Rﬁiui“ﬁﬁ Rrijae %ﬁ“ﬁ\%‘i’ k% ﬁ‘ldtcér“%ﬁtf HF Pf"ffdh‘é thpgigtabes, T Yy§r4 payment card
MeNor y- mappeemdisQs alifapitd, givthghe nephgs reghgatiprasage Snongh ynfampgiort Loacpra it iserls sy inlamy S15T
and w thi n,gachuhan@e, to particular registers 25 within that particular
unit. This includes the serial and parallel interfaces. A small program
flash ROM may be incorporated into the PEC chip. Its size depends on the
CPU chosen, Ve i3 o5t ypriigy dhe H‘B‘P“é“t‘%&‘ﬁplway”f‘?‘ R BRSOy U PR "8It TR FeaM
area c&@f beriitmeorqorasmechd qepinfoineioRECraip pd tigbiguerictdietote ogrsmssvte sdweJhnot
have to manRiRteAfe@ht NRGES With BPsco ihdush QlettieQ0y hOFen &, hnd G th&iCoh disGhthfs @@ proxh e

RAM si ze depends (QRpt henthkhelgsen (e.g. stack nechanisns, subroutine
cal l'ing cor}ventl ons Ister sizes etc,), but should not be nore than

about 2 KB.*3A PECUEHYT '%)”8‘3”?19 the above referenced segment based page wi de
print head danneipesp pydeiymeuded serockbagism for ofigit-paygras. 1o WpheEsprémbe canyqaicniy Frsped g @anting
dpi)) BBt nepdoodutessconksne agiofo0topily copySghimbninaits, |agiAessiblyes0 |t tlio® nheUgér ng be
hal ft oni Ng. e, fARPAIEpAE SRR ih BihiideSulehBRLhRNR. BE Yahd @edaNbrOmete Rl @GlosiBl atey el
| ayer and a cont on euseiayer The bl ack bi-level layer is defined to conposite
over the cdntone ayer. The black bi-level |ayer consists of a bitmp
containing a I-bit opacity for each pixel, This black |layer mtle has a
resol uti on Wyar Ghuskrsegiars ifa e-egererct, aottork pfourtt [restgphihel vebich azedgtes mergptymtntsoThe usbhe
hi ghesB0supRays @ drakfaobli .Ee@ﬂarib&s,lﬁ@(aandsaha aniy oﬁista:fﬂll‘ﬂ@deplf b%@rusﬁg el lsthde)fJayment
resolution. The contone |ayer consists of a bitmap containing a 32 bit CwWK
color for eachh |er where K i tional . This contaon |maq

resol ution %Pe(‘:“f‘f”‘l ageolyy cn e é’éjeé‘fiedr%??gfﬁ“e SPSCRRfEn B fPaodigaly giuchy ‘é’%lﬂ)lalf‘.?t‘?“ﬁﬁ‘”se%e
hi ghest suppentdelthe egdd thefpronf ipdvig2 Qaqyeits. over 12 i nches for a single PEC,
i.e. one-fidd h thesapsactidner' s dot resol ution. For higher contone resol utions

nul tipke PERS, 3L&; xeglggtglmgagempmam pﬁ’ggan%@eqﬂﬁlg 091 @bn 5 Sole Ro Qfbed mﬂq Rt
page. The contgn qwutl

1.n to
* bl ack bi-| éVIéS?Ctl?”eso F 8 gk{l.{)éeq'éemrlrﬁ\“ hgﬂéel (Q)r“fg‘&nﬁfsﬁc“or%? Iﬁg‘{m&fﬁ?hcam“ °
not a requieehehe! toeﬁ@b@@eappropw@wmxafe GBFCE%‘@W@I I ayer and the contone | ayer
are both in conpressed formfor efficient storage in the printer's internal
menory. W@xegﬂaﬁug&&%&uough a page which is not user-specific, however, the application must use the user’s unique identity

40 to 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 user ID 60 known to the netpage system is not



-49 PCT/ AUO0/ OOS17 In FIG 50 is seen the print engine architecture. The
print engine's page expansion and printing pipeline consists of a high
speed sepglo ouogssf ace 427 (such as a standard | EEE 1394 i nperT/fsaio@dos1a
standard JPEG decoder 428, a standard G oup 4 Fax decoder , a custom

hal ft oner/conpositor unit 429, a customtag encoder 430, a line

| oaderl fortnatter unit 431 ) and a custominterface 432 to the printhead
433. The decoders 428, 588 and encoder 430 are buffered to the 'rJ

hal ft oner/conpositor 429. The tag encoder 430 establishes an infrared tag
or tags to a page according to protocols ?ependent on what uses m ght be
.made of the page and the actual content of"a tag is not the subject of t he

present inverttton. |nt engi ne, rks a do buffere

Dnge 1's | ondtal & Mo Dy i 4 SPE DR TP BT Fan UL SR e
hi gh speed 26¥piiagd bibatos fatice 27 while the pr evi ously Ioaded page is read
from DRAM 434 and passed through the print engine pipeline, Once the page

has I [ 3' shelgle i trdgRGatiod Jarerr ilsBR RAGK: rntrsctnymaﬂﬁ&ndag@gmﬁ ah{aﬁan@?gﬁ)?lteﬁloﬁ]%a%
prl nte an T11 a ig a own in Figure eneve euser ac er ae el al E.n eelrs €re C
que aln @ aggi'r S F dﬁdeh Eh tg&ééc% pnk%ggddth th {8 1 ad wm%{;}

At the firs stage ne expan

| ayer, and %PBBMH?%"'&W‘ i‘i\‘s ”’te\RBPaE%r‘EﬂjE"‘“QP SF‘&%’(”&WHB‘F @%?@E}Iat‘ﬁ‘rapﬂhﬁ’\}‘é‘lm é‘hi"%f‘thsrt“f‘%ﬁﬁs
The two st rremlP®l,ancen tlhelDigh. dudelids #Ye then(sebimitiadyo hihypdniak PE@licptsn.act ual | y col or
agnostic and this bi-level layer can be directed to any of the output

i nks)) and ﬁe l%tat%n %Etﬁs saﬁ%én%orplﬁ é%%?arl‘}! NGk 1Bk Fo rfie Irsgrrspegﬁp';t#)qgfonnatmn

di t heri g (se secon tage, in parall Irst
encoded any ”f‘%ilblg“"?l?ﬁgeqfﬁfé?balr“ﬁﬁﬂye"ﬁhﬁ‘ﬁeﬁ n either IR or black ink. Finally the
t hi rd st agelhelivitinealsg mpipfeinsepindepanéent caificre andpridatacsnroses fersach ofsyusel prnplicaigrs. tagio it he
bi - Level spotidn apphastidh uadLfiond dA@ehtl O thk fiskrii@ngldhly dpptteion-Ghdtl ef@thibrayer . The
datastream i s ideally adjusted to create smpoth transitions across

overl appin gnent s in t nd i d al |

conpenaat o FarPdERIER s ae R PSR Reti utes  SrdarRphEmriave
data atl® pr‘@éﬁé@émfqsaﬁfﬁlmnsmbsrtoélg@udRE?Ee that not all 6 channels may be
present on the printhead. For exanple, the printhead may be CW only, wth

K 2d pus he%ath%glcalaels%lagmamsl heﬂnsL Arﬁlarrgﬂ@rusdysteélnraﬁramam M&hsY on géﬂﬁf of each

position ta varlable (or for
testing pur% '§aéls'3/pmv$ﬁgoar“8vsﬁ tcrﬁérll C{Eb“therY'&ﬁWﬁkaﬁo dof 84t a is buffered and
formatted for printing on the pnnthead 33 via a set of line buffers (see
bel ow) .20TheAmmgliotiortpyovidér cinfres@iblishene plyiadidanigcrbed chrgphtt THe eysterd eeadrds Yhe seertsrvaitingosss b he
of f chi p DRAMARAbschBA pithiiadn, 6 tAUShd Kk deilaSedubtly Bphrannel s of bi-1evel dot
data via thgs prr ng Qg%}zbg%%g;ﬁﬁ&o%gma@npr ession is used in a printing

systemthat e Isis to enable the data flow to keep ahead
of the 25 rrg ‘é‘ﬁﬁOdt“FF&rt°f?r§s°‘Ffj’r‘f“%ﬂPm&c‘éséﬂ%gf"éi‘r‘nstsm‘s"ﬂé‘é:(f“ﬂfo 267 ppi, a better
page of co nﬁaérﬂecuwmd ehater oicgismag besdeseebedify oRB/Bore iehoirprglestiipg ey 843 hatowsepalescrptions use
conpr ey Onheab @R Cord1iiBad Bdl€ldined Set, WAEGis(BRRedIe Fadiinfte diBWRly @R EeckSRRGEEurEO DKL E6re

with a ratiQ.up chQorJ@m él'\e WhidR@kktwe @Bds&r%ﬁl?\krﬁz) 'RS%§r§ce ﬁﬁscﬂ%@a}nywoﬂ&kﬁﬁ) ng a
conpressed P

has a size oagL WBAGSC “ﬁn m%n‘fc““dya‘f gks SV gagh‘f’ n%?iagc Sﬁstemra “etgs)nsag‘sal%témt})ers\ﬁ%‘lyfg%t fffs%?’rm
| 0ssl ess bi UireyRdts B MR SIE AAOBEET (R such as Group 4 Facsr mle (see
bel ow), tens poi néonraxticabosradseds wath a ratio of about 10:1 ) giving a

conpregged pPagBusiadds fbod: &MBQ an ORIEEs aéh&e@rferdssagas hQ@Qﬁ eRies VYK na@g; Q& Lhgge

dat a consi s f 1 of bi -1 evel t resse
o e f o Shnd B B ol WENEL o8l S B el B PR 8 3R GS e

cont one i naYjE@*EBHPT essi on and IossI ess bilevel text conpression. The fornmat
i s conpact enough to be storage-efficient, and sinple enough to allow

st r ai ght f or s fbrde® @l ittubtiald®BbyQ%PFA Sdq@fte dugrdmngwrpahlma hérid@iat dRhengidd istu@ to r@Fanntl YRGS
nor mﬁ' |35 doﬁhwtan&%e«l;&&f)mmemﬁ lsﬁ‘&:ﬁ {E@ineééﬂ i, BRASSY R%ﬁsehtéﬁaoggreﬁh@@cok&m e @{()Ene of

(i.e. inmage, on % nor ma est - case e lm sl ze 1S (1r.e
et onty) e b R S SR e G R b T T S s
over image)32 aAe8yriithPuansdiraimeap ey inprtiveybe Bigae g atdaibiading Aecgpessthe prpjecols
aver age pagensideraidere 8¢ mecrda® orldes?bfBntitiddnEelints Gid Penékallly @ stofods sbod s an BIGREEE toipSticipate
responsi bl emg}ggmcglecorrpressr ng bi-level data. Bi-level datais |[imted to a
si ngl e gpot, 1coI orSL(, Y, gT%%IDELXIE!%' &Ig for text and line graphics)) and a

di t her matrrx sel 8¢t { 4Se in subsequent dithering of the contone
dat a (deconppreEEgertgymepiasy E@“ﬂé@’dﬂ%ﬂ")mCOlTsﬁ@wPﬁﬁlﬁFe‘PO the G4 Fax decoder is
2 planes of bi-level data, read fromthe external DRAM The output of the
4 Fax decoder is 2 planes of deconpressed bi-level data. The deconpressed
WO 011 89838 -50 PCT/ AUO0O/ 00517 bi-level data is sent to the

HaI ftonerl Corrpos~tor Unrt (HCU) for the next stage mthe prr ntr ng pr peI i ne.
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The 1PEG decoder is responsible for perforrrung the on-the-fly
deconpression of the contone data |ayer. The input to the JPEG decoder is
up to 4 planesiseg contone data This will typically be 3 plramesyoo/ 0517
representing a CW conone i nmage, or 4 planes representing a CMYK cont one

i mage. Each color plane can be in a different resolution) although
typically all color WO 01189838 -51 PCT/ AUOQ OOS17 planes will be the
same resolution. The contone |ayers are read fromthe external DRAM The
out put of the JPEG decoder is the deconpressed contone data, separated into
pl anes. The deconpressed contone image |s3 sent to the hal ftonerl conpositor
~unit (HCU) 429 for the next stage in the punt| ng pi peline. The 4-pl ane
contone buffer provides the neans for transferring the contone data between
t he JPEG decoder and the HCU 429. 'rJ Each col or plane of the deconpressed
_cont one daf &g SUrghrt o irers gy ybseride togperogfien! prpligatiopy lf:f“ihé‘f'eés ligemer Bif)ow dlﬁ%"é‘ﬁ‘y 1%he
buffer is B84Dschytddoys whahaesotuhmroeftar @chca pabbbgcto indhioise iobigts 1 The isybechigion ddfliveay
singl e col grf)toogi 1R rSelPbrX 8esneftlstruddSs tpﬂéhwdugﬂf!@ntérfj ﬂ%oibtb&stf 1F del@rs Shhib G enOddRctd e
buf f er tho read by the HCU while the other line buffer is being witten
to by t il:cff ‘decoder. This is inportant because a single contone line is
typically Iess than 1600 ppi) and nust therefore be expanded in both the
dot and | i file aphligréanSiieqmigishef) first dh@ingudpduenf IRG1 {veqach dhaanent fomepn IRxsefvan 13- Itithemsends ¢athe
JPEG decodedcuntididnd arRdib s dRGREAGD trld @ag @FRptloks S thEbbkd skrftdr € rbshdiBSe for tRAERmInOY
each out DULC\ anm a 18O i 1ts'c°>\|erJf58H£&1%6¥%: s@sofibdh al:£BYs Uhd NSie a5 sewﬂpmed

t here {(? ber <veen € resolution and avail abl e bandw dt

resol u oncrﬁ‘ﬁ’ﬁl“ﬁﬁhﬁé‘?“sgfméséﬂg%‘fsgg‘fsﬁﬂ‘%é{?‘ M F&ndwi dt h requi rements aI so
increase. In addition, the nunber of segrrents bei ng targeted by the PEC
chip al so afiefpaetdvet k@ i agpaesiic tih and Aicks POS Sotabl f@mite SQisiitionGerer thi\@ir@pohdigtuses IMoe

the cont ONge Iu@%;@leéteﬁ pgr(té? cfl§%§ gﬂ.\ch Eaﬁbcgkﬁa@r self:é?e"d rm'tthe a@ﬂ%oncgkl 19&5,' bP lh@-ﬂ@r scnﬁﬂullbe

stored at a Lﬂ'l' ‘b& élton (for ‘exanple be a higher
resol ution ‘E"IHCQT?“ ‘“'E‘p?nasncer “*The hi ghest supported contone 1 ~ resol ution

i's 160b§)p| (matching the printer's full dot resolution). However there is
onl y enoughmeCidliptlin’d dettifcate ficfwe the Fazerervr th @erifythdmeng@ughanco fteqne spiek eteguedt @xthea
320ppi ||n%gl@ﬂtlJn@éﬂQ;lesﬂf&ehﬂp%%szlnIl ahgshﬁdcfnUto%eﬂxledehMﬂ@lﬁcr@&on@@&t put was
required at higher contone resolution, multiple PEC chips would be
required) although it should be noted that the final output on the printer
will still Tesripss spwr hinajiosgies docupgnt 17d BAEHIATHReE Tpsgird @yt By @geé'?“e’zepmdud%%ge IDs
deconpz@ssiser teutnen it ifsmdesl v dieant se oforiukierneiatns] ngmea forjifle fvBtradisteftor 1 page per
second performance (regardl ess of whether the page width is 12 inches or
8.5 inches),, and , AGH and 8.5 inch page

w dt hs res)péét |eve§§enl\@¥ ?lﬁggﬁte%%I%%Mglrpﬁﬁét%lg{ﬁ@p%éé}e%%?f orni ance (30,000 lines
per second). Table 5 can be used to determ ne the bandw dth required for
di fferent OCexdieatrlietonhascisiibytedsll aftke documert srughirebtihthe BPAILAE t5¢1%519% Printply gia PPRRiGvant
decodeg5i s pige chrvelh, ht@ntuliicadts fhe Odiibils RBseBF fhe IWBAID]Yctvdn dhe toR@ouDRANE: A hulticfsab@nelsTBrgh

anount  of D&%m&&%a gﬁhte%%o%; 8E &S hhgPancnt gh Rede kit &@anm&emtog edi ey are
ext er nal

decr eases, tB-n fable tﬂ @opugtc thetprevm*s ytpﬁmtrg% Sq%llen s&r&ct@%g %S%? \vs Ehe P aﬁe server et% ?a%acgléqpleterhe
DRAM bandwd@erﬁwﬁseﬁh%d%ﬂ?aﬁaia@dI&BdiP‘prthepﬂm&ﬁéOPeﬁﬁ‘eB@Wé%du | y caI cuI ated by

appl yi ng t ke conptvessivofctivaicandrotoeowt he out put bandwi dt h shown in Tabl e 5.
For exaop! @ prefm&icRgHafhe 6 :lped i adh prda isdRiwn WHghe @5. CONPr essi on factor of
10:1 requrres | MB/sec access to DRAMto produce a single page per second
The JPEG functionality is inplenmented by neans of a 3PEG co

variety of Vﬂ‘F’E"C;“S%SFess““éP‘ePaéﬁﬁ“ﬂ‘éBTt@g" PFY m&%fﬁc%@“%iﬁfis ek ‘88‘?65%‘ Wae@f‘?tﬁfé‘?lent
processi ng Tholieidenigiepiby fagrand ¢ hetimenn the paael Teeatripter] alitailomevsaedD ébefttregbn fomrieetferons
“fast enougRenndctthpexanpl e, the BTG X-Match core has deconpression speeds up
to 14Q34Bytesl sec, which allows decorrpressi on of 4 color planes at contone

resol ut1ons u}p to 400 p| LFe nmlsl ;ll nter s ee dl(’n éoago Li ne
©1600dpi  per " SEREAHT SN %&ﬂ‘?p ° P i Bﬁﬁ “PaE BUR R P S BR S RT Bt s Tg“ahe
core needs afdegsony giready ppe fitg caghe ¢ e reelesieesmily inteeagefoith e sHRe P?gedb“l RrgiprdteR E"“’!ﬂs Phat
ar e i nposeged1y, invmerige me62athd pedD JRPEC: vamp raispig rveeconpr essi on cores. The
size of the core is expected to be no nore than 100 000 gates. G ven that

the deaanpr’l'ﬁe?ggger%?‘l:oa s {hg Pai%é" &CPCE]IJHO% 9 1f1enmj1ed d'q?]e%u%efﬂﬁ ﬁ'ud dete ne‘g Pl'[:t??n in %t e(l)egngnré 5 go?enSS if

readi |l y dec

tinme, thus aea@?ﬂlgkI&h*ncemﬂe%tmeﬁ)ﬁveblﬁwhﬁ%mﬁ 2rfgpegini ‘ilfﬁeméﬁd %PaﬁfpSFWaf th?j’taeﬁféc
control of the JPEG decoder. 4 contexts nmust be kept (1 context for each
color plane), and includes current address in the external DRAM as wel |l as
appropriate JPEG decodi ng paraneters In FIG Sl the hal ftonerl conpositor
uni t (HCU) 429 conblnes the functlons of halftorung the contone (typlcally
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15 resolution, they are scal ed i ndependently. The bi-Ilevel spotl |ayer at
buffer 44S and the dither matri x select |ayer at buffer 446 al so need to be
scal ed. TWeobigedsevel tag data at buffer 447 is established@avAtteaoswrr ect
resol ution and does not need to be scal ed. The scal ed-up dither matrix
select bit is used by the dither matrix access unit 448 to select a single
8-bit value fromthe two dither matrices. The 8-bit value is output to the
4 conparators 444, and 449 to 451, which sinply conpare it to the specific
8-bit contone value. The generation of an actual dither matrix i s dependent
on the structure of the printhead and the general processes by which to
. generate one will be famliar to those skiTled in the art. If the contone
vat ue 1S 9LEALER by Rl AL it 8 LOG ARl b L RSB Bk P8 Bulydiiose
456 Wi th aﬁ“ﬂﬁﬁ&@@MBWF7¥ron1the nargln unit 457 (whether or not the
particular dot is inside the printable area of the page). The final stage
in the HCUmhspabdrvg QPAS bdhimgr Slaee me EREsp @R s 681 8ordihO kb fiddon |ss'?‘\béxef13antih@r[e

is a si le ea]logage% an‘% aﬂ? ungln h{glrg‘%&t}u% andt bu4a§ 8,1 hyp%ﬁlglbrrgfﬁfestt 51346’[1{6: hgpgrsuﬁx requ&s? pl':a]ss

single merger unjt

or all of tdﬁgm?lﬁﬁ‘ﬂ‘t’“ ‘bf‘ﬁ‘ﬁe“'ﬂﬁf %vpféf%wgst fefpts E’b@t‘ °fd'8lr"d}‘es"t“é“sbré'“dd1“%[’ffe“dd ‘id"r?“%th?e
out put col @kckqdhpawink(ipstaece 8@ ThegpagasfrreathendenfiGs ovnesgrvdr HYS3pterhprosielstqueshiDapok the lok e
mer ged i nt @& wspdlicaticigent a and yellow (if no black ink is present in the
printhead), and tag dot data to be placed in a visi bIe pl ane. A fixative
col or ane_can al so be readi enerated. The dot r 459 is
espondP bl S B R O B ATa R Bp BRI e GrBR ORI 1B ng
or gani zi ng 4 P semi¢r d2- 32bep pandsciigalpreingnt te dre 3age tehygit10 laworgible fyuithe fogumey’s gesdinadipated 1D,
order, and tdganeehith t@ra@Eting\pabd skiver's QAR hgperliM reueyeD. r eordering is required due
to the fact that dots for 30 overl appi ng segments are not generat ed m
segment order ed to 1

rmc o -y 1y Gt SRt St M S Bl SRRl BOB B el SR

t he st ége FHERPHES by T @dernr B ki pae ie?i@f%ﬁt&@%reﬂfs“fﬁ%hygféﬂeww h"’él%i‘tp‘éFdOf ‘S
(usef ul f orforpéitfeenn@mplgstins and creating dot data for overl apping segnents in
the Menjet printhead). The arlva~ice lure bit allows the state rrachi ne to

control Whe[g a d)R(? rgag elflveraaﬁ ocatesn ocu?n]:ant gn?tt Re !a]n Sag@%sn fl {J.rn;s P] vl arﬂ cl.:atgcp s(?c},\éhg]

truncation o accor 0 printer aves

uni t from PRYEHI® HE t?pfé’éﬁ""éei OBTER &fits I°i”?1%”‘“‘?aéegi“'€ ﬁ“a”y ’FH‘E “E(B?ﬁb&?s‘é‘?‘df‘s tﬁH‘Ffeq“esung
cont ai RS argiterpl e 8-bit "greater-than-or-equal” conmparator. It is used to
determ ne whether the 8-bit contone value is greater than or equal to the

8-hit dit h%e %ﬁn!\)l(nst\i@é HI%’ mc’ﬁﬁe §H9&Bngﬁh pr%sagtgwgﬁgn%hlcu Qisé thg ﬁ'flgtep%ge sglw)er %cltﬂeg the

i nputs and sin seen nore detall

e o RIS B oSO i Bibine! By iy R T B By Tt
di t hered ddtréde hppiinksgigatin 4d col or, and the tag data to output inks in the
actual 2pri nt head Each dot nerger unit takes 6 1-bit inputs and produces a

Si ngl e bit I%th%é;i nl@r%fres R AT eohs alﬁabx%qugédt ﬂlfflﬁutquqr:t JICQ fhe ﬁr\%lﬁ.ge QQLrQJndsﬁ;Ltﬁ Blgpen Tlihe

bi
gg?gbo 0; tO 631:1? Q‘.gcémkas a{)&%a‘t()?nqg%to rlxe relngstrarI &6 seir‘ﬁr ﬁ to ob?am notl jus etuser ﬁ)gcorrffs%en§ %f to the

any out put PEUPSH 2 as@? FrepserPige e prplicaipn f[baf‘d ‘P"e‘§ﬂ?1&“ﬁ’ﬁ‘?°b‘8%%§)”§‘ mbﬂegﬁﬁliag? 0
be nerged |smtgmcy;al|r|:anomalgemg the @pidatyetb bsoblisi( 4 user-tth@ficoanse: fathe pperlylk avlkationnk i n t he
printhgad) 5.:and t AgidletncHataninon BRTgbaced in a visible plane. An output for

fixative Cad:’}ler( ? ngrtdr%s 9 ?Lrogeedﬂ% éjwzplycl ngtbagpée){ Il%%gp(} I:M'n \Fl& %l tllle sQJke Fohl% nitazgégt%tetﬁag%

bits. The dot mer ger uni.t cont a| Col or regi ster 46l t

i s used as PAMTTESREGAICHEE U Rge B ?‘?‘?BG‘E HP¥s. Each of the input rJ bits is
ANDed with the corresponding Col orMask register bit, and the resultant 6
bits are thmapricRashviragehhen 61, & ofOfritel1h @2, fhb Figd IDGIinp tibkelphth to the Phodskrlar 1654 thé Sual
seen theg dof,,reorg unit (DRU) which is responsible for taking the generated
dot streamfor a given color plane and organizing it into 32-bit quantities

* so that the output is in segnent order, and in dot order within segnents

M ni mal r edfeiReed sagyer fogds the gage Fearapigreidengh ofl brehefragelD e Atorifiae hiptoppusleap appt Bl
segment s aragy, hofrolgérmeedst Achming ths gymEiputEGkers a tekhield B8, DRIdzccoNnt @b tha stdRe thiht
shift regi siedeiasigh®@ill ar 32-bit register, and a regular 16-bit register. A
5-bit ggunter keeps track of the nunmber of bits processed so far. The dot
advance signal fromthe dither matri x access unit Uhl S used to

i nstruct t HECTREIAST iP5 ¥thi & 298¢ ?fé“eé‘i’ibﬁi’lddheli’égcéﬁ‘tebiﬁ‘tds th ppn Y 5l s pendinggirdesd? b
462 is clocked every cycle. It contains the 32 nost recent dots produced by
the dot nerger unit (DMJ). The full 32-bit value is copied to register(B)
463 every 32 cycles by nmeans of a WiteEnable signal produced by 15 the DRU
state ITB.ChI ne 464 V|a a 5| rrple 5- b|t counter. The 16 odd blts (blts 1 3
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B contains second overlapl The margin unit (MJ) 457, in FIG 52) is
responsi bl e for fum ng advance dot and advance line signals fromthe dither
matri x acwews/svedst (DMAU) 448 into general control signal ssdases/osi7t he
page margins of the current page. It is also responsible for generating the
end of page condition. The MJ keeps a counter of dot and |line across the
page. Both are set to 0 at the beginning of the page. The dot counter is
advanced by 1 each tine the MJ receives a dot advance signal fromthe DVAU.
When the MJ receives a |line advance signal fromthe DVAU, the |ine counter
is increnmented and the WO 01/89838 -54 PCTI AU0O0100~17 dot counter is
reset to 0. Each cycle, the current li ne"¥rid dot val ues are conpared to the

mar gi ns of the page d appr.opriate oqutput dot advance, |ine advance anpd
wi LR - mar GERAPARET U s ah T SR e B e B b oo R BORES s
~the only sutsstaemmilagd hipdwiipgmade G einterpretdhe plepkes psrhend pgtien text Pros s conferteshifelsieakes ¢op

i mpli citly teshedd ppdatibisetve keaubns Gitertt @ e Rguepihg REable TRdgR sarefzend A faxt: palg@:xt value
descnpti on & Sefpl ete and sel fcontained. There is no data stored

separ atgl yf,romt I&A%ggfm%%%gog%é an to which the page description refers.
PEC relres "on dither natrices and ta structures to have already been set
up) but thé&emiag Be RyY d%HSWhEFéFQé‘EIm?éFOg"é“‘Efé"PtE is grigngtupy e P&} thppgfesevd riphpragnds the ~
The page desegqih ptiimauvchisidgtainof a page header which describes the size and
resolution of the page) followed by one or nore page bands whi ch descri be

t he actual ,page content. .Table sh format of the eader. Tabl e
2. Page. nedler o uat i Lgp Bt MR e RiTBl B 4180 RIS R RORhe sl
header 'Por e regigiian e N/ &migrie: bt Pt Byplicpay® taseriared MY hrefprmd e
nunber . st r yetayredeldis pat]B whi 4 the fotrdef anSihz ewmgrft dapaggpentipbihefiom. Tha regiesation exsver ideptifion
(dpi) 16- bi tihehuf @@S5RSRdIhd fa) ardfusel B G&ts ap@gesigndrté Sorhetic 81s\EYSE A Qrofedts teh@r's
present pr Isi@r‘aﬁre:(s @Jlgkg%]vcgﬁegﬁme%nqrg;g,lﬂ@‘r&ls&atihﬂ%@%%‘é&ﬁe‘ agﬁlxtﬁti&fm%ﬁgngg rl'B%gg’idehﬁ[Py
dots. target page nh,el_ t16-bit i nt e?ereltg t of target Eaﬁe_ m ots.talr_ﬂ?et
left margi fPEUBOPRICARYRERY PUERSOPE K gt e e ‘f?éPg"F“r‘i?t F e fiotenyef e fort G
mar gi n18- bied ritypsehg dieitbsigtie tofre requpstyestrage eppyenBhe grisreerver psighs the digikyishauzedstieaishinge

i nt eger Bi t fikk spesitk beitsheihetudiorgener ate tags forthis page (0 = no, | =
yes).Bit 1 specifies the tag orientation (0 =portrait, 1 = |andscape).Bit 2

specifies ether tile fixed tag datashoul d be redundantly. encoded by PEC
ora rect y ey rubed 5 i S AE RS upRg et B ATH SRR R Pitur
vari abl e t agsd#rasdoul d be redundantly encoded by PEC ordirectly used
(0=di r @6t | y.5use, FormSemesidelroTdveL renmai ning bits are reserved. fixed tag

dat al28- bi ta gt 808 Rinlest oMM sibBsdidd] plofocol DGoGENBLALE tags flag isset (bit O
of tag flags).if bit 1 of tag flags is clear, then the |ower120 bits of
fixed tag data contain the pre-encoded fixed data.If bit 1 of tag flags is
set, then A& ST Ao vandTo trgygagivaigs Ik foks 6 euiepieficf & Sectomt - Wit Free
unencoded flameedcittatdtionshat is to be encoded by PEC. The upper 8 bits are
reserved. |l ack scale factorl6-bit integerScale factor from bl ack bi-Ievel
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engine to identify the page header format. If the signature andlor version
are m ssi wg @vsogasconpati ble with the print engine, then theCPAUMOMSHYI ne
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contone |l ayer is CMY or CMrY. The page header defines the resolution and
size of the target page. The black and contone |ayers are clipped to the
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chip in its unencoded form and encoded once within PEC, or it can is read
and used as-is (the fixed data should therefore rJ be redundantly encoded
ext er nal Iwyp.o1/Bbgsgvari abl e data bits are those data bits thaT/av@/Mst7i abl e
for each tag) and are as with fixed data, are redundancy encoded inside the
TE as required or used as-is. The mapping of data bits (both fixed and

vari abl e) to redundancy encoded bits relies heavily on the nethod of
redundancy encodi ng enpl oyed. Reed- Sol onon encodi ng was chosen for its
ability to deal with burst errors and effectively detect and correct errors
using a nininuntof redundancy. Reed Sol onon encodrng is discussed in
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tags. To increase thesize of the non-tagged section beyond the size of
theinter-tag gap, use non-printed tags. Al t TagLi nePositionThe Current
Position record for the start of the alternatesee Tabl e 10ow of tags. The
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1 = mtaglLocal O fsetDot Current dot position within the inter-tag gap or
tag, mnimm= Ocal O fsetLineCurrent line position within the inter-tag gap
or tag, mvoionsnszs D The TE nmkes use of several specific detBHABtWMSIUr es:

a TEOieutatiort flag, that determ nes whether the page is being printed
using portrait or |andscape tag pl acenent WO U1/ 89838 -60 PCT/ AUOO/ 00517
rules. a tag format strrcctare. A tenplate detailing the conposition of a
generic tag in terns of fixed tag structwe, vanable data bits and fixed
data bits It is conposed of a nunber of tag line structures, one for each
1600 dpi line mthe tag. There are two ta % format structures - one for
_portrait and one for |andscape printing. a fi.~~ed tag data buffer.
Cont ai ns the redundancy encoded fi xed data conponent for all tags on the
page (or pdrt ofHBAGKNEFRA i ple PEC chips are used). a TaglsPrittted
~flag. Speci?fli es wWhretkrdfeceensarti cular tag is to be printed or not. Directs
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paper path), which act against a rubberized roller. These spike wheels contact the ‘wet’ printed surface and continue to

feed the sheet 604 into the second Memjet™ print engine 603.

30  Referring to Figures 12 and 12a, the paper 604 passes from the duplexed print engines 602 and 603 into the binder
assembly 605. The printed page passes between a powered spike wheel axle 670 with a fibrous support roller and another
movable axle with spike wheels and a momentary action glue wheel. The movable axle/glue assembly 673 1s mounted to a
metal support bracket and it is transported forward to interface with the powered axle 670 via gears by action of a
camshaft. A separate motor powers this camshaft.
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The glue wheel assembly 673 consists of a partially hollow axle 679 with a rotating coupling for the glue supply hose 641
from the ink cartridge 627. This axle 679 connects to a glue wheel, which absorbs adhesive by capillary action through
racdhal 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 bracket and hinge out sideways when the rest of the assembly 673 is thrust
40 forward. This action exposes the glue wheel through the front of the molded housing 682. Tension springs close the

assembly and effectively cap the glue wheel during periods of inactivity.
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TBA AUTHI13 A System for the Manipulation of Secure Data
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QA chip communication may be best included within the overall functionality of the PEC chip since it has a role in the

expansion of the image as well as minning the physical printhead By locating QA chip communication there it can be

25 ensured that there is enough ink to print the page. Preferably the QA embedded in the printhead assembly is implemented
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preferred enbodi nent and nunber of specific alternative enbodi nents.
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i nvention. Accordingly, it will be understood that the invention is not
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speci fication, including docunments incorporated by cross-reference as
appropriate. The scope of the invention is only limted by the attached
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i nt egr at i on” o YHRATFREGE 1 HrReE LT PP FA T H P RO PR pr i nt

engi ne/ contSmed dllef theygnage|pepicasiing 15 arfogmhed ibyrilegicalgh bardsiar, theel¢fd) dagsaotipva doabcishpitelie At ag

i mage pOan@esanthachy dadkgkttetly ginpld A Wil vartypf CRUtkn@nGHE 26 HGHO itk@be A predeadrnae
in claim8 WhekRid pblGink Bhel RAEmRBred S1cGRBN GRE- oI TERRRY s Hhduf RFexhAHe of 2
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11. A print™BngiRel ContT on 1 Br ae e r A e (R ¢ IMBiI"m 8 Wherel b The iap% encoder
redundancy PEgEe BB afq,fémf]]d:@ogagtsg_atcaég% ARETE gymmuntcates with the other units within the PEC chip via

memory-mapped I/O. Particular address ranges may map to particular units, and within each range, to particular registers

25 within that particular unit. This includes the serial and parallel interfaces. A small program flash ROM may be
incorporated into the PEC chip. Its size depends on the CPU chosen, but should not be more than 8KB. Likewise, 2 small
scratch RAM area can be incorporated into the PEC chip. Since the program code does not have to manipulate images,
there is no need for a large scratch area. The RAM size depends on the CPU chosen (e.g. stack mechanisms, subroutine
calling conventions, register sizes etc.), but should not be more than about 2 KB.

30 A PEC chip using the above referenced segment based page wide printhead can reproduce black at a full dot resolution
(typically 1600 dpi), but reproduces contone color at a somewhat lower resolution using halftoning. The page description
is therefore divided into a black bi-level layer and a contone layer. The black bi-level layer is defined to composite over
the contone layer. The black bi-level layer consists of a bitmap containing a 1-bit opacity for each pixel. This black layer
matte has a resolution which is an integer factor of the printer’s dot resolution. The highest supported resolution is 1600

35 dpi, i.e. the printer’s full dot resolution. The contone layer consists of a bitmap containing a 32-bit CMYX 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, i.e. one-fifth the printer’s dot resolution. For
higher contone resolutions multiple PECs are required, with each 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 layér and the contone layer are both in compressed form for efficient

storage in the printer’s internal memory.
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allows one lme buffer to be read by the HCU while the other line buffer is being written to by the JPEG decoder. This is
important because a single contone line is typically less than 1600 ppi, and must therefore be expanded in both the dot and
line dimensions. If the buffering were less than a full line, the JPEG decoder would have to decode the same line multiple
10 times - once for each output 600dpi dotline. Although a variety of resolutions is supported, there is a tradeoff between
the resolution and available bandwidth. As resolutionn and number of colors increase, bandwidth requirements also
increase. In addition, the number of segments being targeted by the PEC chip also affects the bandwidth and possible
resolutions. Note that since the contone image is processed in a planar format, each color plane can be stored at a
different resolution (for example CMY may be a higher resolution than the K plane). The highest supported contone
15 resolution is 1600ppi (matching the printer’s full dot resolution). However there is only enough output line buffer
memory to hold enough centone pixels for a 320ppi line of length 12 inches. If the full 12 inches of output was required
at higher contone resolution, multiple PEC chips would be required, although it should be noted that the final output on
the printer will still only be bi-level. With support for 4 colors at 320ppi, the decompression output bandwidth
requirements are 40 MB/sec for 1 page per second performance (vegardless of whether the page width is 12 inches or 8.5
20 inches), and 88 MB/sec and 64 MB/sec for 12 inch and 8.5 inch page widths respectively during maximum printer speed
performance (30,000 lines per second). Table 5 can be used to determine the bandwidth required for different resolution /

color plane / page width combinations.

The JPEG decader is fed directly from the main memory via the DRAM interface. The amount of compression

25 determines the bandwidth reguirements to the external DRAM. As the level of compression increases, the bandwidth
decreases, but the guality of the final output image can also decrease. The DRAM bandwidth for a single color plane can
be readily calculated by applying the compression factor to the output bandwidth shown in Table 5. For example, a single
color plane at 320 ppi with a compression factor of 10:1 requires 1MB/sec access to DRAM to produce a single page per
second.

30 The JPEG functionality is implemented by means of a JPEG core. A wide variety of JPEG cores are suitable: it can be
any JPEG core with sufficient processing power to perform the required calculations and control functions fast enough.
For example, the BTG X-Match core has decompression speeds up to 140 MBytes/sec, which allows decompression of 4
color planes at contone resolutions up to 400ppi for the maximum printer speed (30,000 lines at 1600dpi per second), and
800ppi for 1 page/sec printer speed. Note that the core needs to only support decompression, reducing the requirements

35 that are rmposed by more generalized JPEG compression/decompression cores. The size of the core is expected to be no
more than 100,000 gates. Given that the decompressed data is ontput to a line buffer, the JPBEG decoder can readily
decompress an entire line for each of the color planes one at a time, thus saving on context switching during a line and
simplifying the control of the JPEG decoder. 4 contexts must be kept (1 context for each color plane), and includes current
address in the external DRAM as well as appropriate JPEG decoding parameters

40 In FIG. 31 the halftoner/compositor unit (HCU) 429 combines the functions of halftoning the contone (typically CMYK)

layer to a bi-level version of the same, and compositing the spot] bi-level layer over the appropriate halftoned contone
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level spotl layer through buffer 438, an expanded dither-matrix-select bitmap at typically the same resolution as the
5 contone layer through buffer 439, and tag data at full dot resolution through buffer 440. The HCU 429 uses up to two
dither matrices, read from the external DRAM 434. The output from the HCU 429 to the line loader/format unit (LLFU)
at 441 is a set of printer resolution bi-level image lines in up to 6 color planes. Typically, the contone layer is CMYK or
CMY, and the bi-level spotl layer is K.
In FIG. 52 is seen the HCU in greater detail. Once started, the HCU proceeds until it detects an end-of-page condition, or
10 until it is explicitly stopped via its control register. The first task of the HCU is to scale, in the respective scale units such
as the scale unit 443, all data, received in the buffer planes such as 442, to printer resolution both horizontaily and ver-
tically. The scale unit provides a means of scaling contone or bi-level data to printer resolution both horizontally and
vertically. Scaling is achieved by replicating a data value an integer number of times in both dimensions. Processes by
which to scale data will be familiar to those skilled in the art. Since each of the contone layers can be a different
15 tesolution, they are scaled independently. The bi-level spotl layer at buffer 445 and the dither matrix select layer at buffer
446 also need to be scaled. The bi-level tag data at buffer 447 is established at the correct resolution and does not need to
be scaled. The scaled-up dither matrix select bit is used by the dither matrix access unit 448 to select a single 8-bit value
from the two dither matrices. The 8-bit value is ontput to the 4 comparators 444, and 449 to 451, which simply compare it
to the specific 8-bit contone value. The generation of an actual dither matrix is dependent on the structure of the printhead
20 and the general processes by which to generate one will be familiar to those skilled in the art. If the contone value is
greater than or equal to the 8-bit dither matrix value a 1 is output. If not, then a 0 is ontput. These bits are then all ANDed
at 452 to 456 with an inPage bit from the margin unit 457 (whether or not the particular dot is inside the printable area of
the page). The final stage in the HCU is the compositing stage. For each of the 6 output layers there is a single dot
merger unit, such as unit 458, each with 6 inputs. The single output bit from each dot merger unit is a combination of any
25 or all of the input bits. This alfows the spot color to be placed in any output color plane (including infrared for testing
purposes), black to be merged into 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 also be readily generated. The dot reorg unit (DRU) 459 is
responsible for taking the generated dot strearn for a given color plane and organizing it into 32-bit quantities so that the
output is in segment order, and in dot order within segments. Minimal reordering is required due to the fact that dots for
30 overlapping segments are not generated 1n segment order.
Two control bits are provided to the scale units by the margin unit 457: advance dot and advance line. The advance dot
bit allows the state machine to generate multiple instances of the same dot data (useful for page margins and creating dot
data for overlapping segments in the Memjet printhead). The advance Iline 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 value is greater than or equal to the 8-bit dither matrix value. As such, the comparator unit takes two 8-bit inputs
and produces a single 1-bit output.
In FIG. 53 is seen more detail of the dot merger unit. It provides a means of mapping the bi-level dithered data, the spotl
40 color, and the tag data to output inks in the actual printhead Each dot merger unit takes 6 1-bit inputs and produces a
single bit output that represents the ontput dot for that color plane. The output bit at 460 is a combination of any or all of



-

10M 10 10! D<"109%& ()-!'1'f)nPd0% " & ()- ! f)nmd0o%& ()- ! ( f)ntd0% " & ()-
Hf)mdov&' ()- f_ g s w__albbrP. 4
11" 94 0% WO 1R8I 0%&’ () - ! KYLO0Y& ()-"L10% & ()-F10% & () -~ ROPA&IEH0517
10bcd/ eng"i @wWHA. 4 1!
~ 9409& ()- 1tJI 9d0%& ()- ! pD %d0%& ()-"!pYdo%& ()- 'k fod0%& ()-! pf YL0%& (
-@ k"N Amm 00z X6. 4 1!
| @l %L0%, ()-2Z! 4%09&' ()-G\ " 0-#10% ()-9 0-#10% & ()-9! " %d0%#& ()- 'tE %
10% () - oppppppppuVv7! !"L10% & ()-10% & ()- F10% & ()-L10% & ()- 10 10
10! <" 81 %4 0%& () ZpSqqst uv} [ 9uVv7!
! !aF%iO%&' ()- I'DY"10% t& ()-'! Fod0% t& (F3:1a7Fvdoo& ()-:SY 10% & ()-3
10% & ( V\gXL IZ $ ZX7U Vé%f
(F%iO%)xD&E IR EOLDBRPT FUTHNE PAed B PRPY folop e Stsbine Tpredioriessagmsngeey) -
I'D "10% t & Wk 8ps @?@ yg{cpdp] mRehta and(yelloy (in the case of no black ink in the printhead), and tag dot data to be
10! y7" , 5FYLQMR! i ) visithe plab= 0 OOt 1) fixatd6 1O Ul (o) gerofie ZHARUE cfroinfng BIDYE Bk Pits| THEM?
1! 01.0 10n 1&3({&% )umt §J1Qn(§gﬁl G(Qt Col;lfrgdaﬁgé terﬁd‘tﬂtg%ﬁgeﬁ)s a%&% ngtlhe GJnQu(qghs(iacﬁ(of?iJa mthon
10% ()_5n ]b(i)ts/ ?%A Il_;ed with ]ﬁe corresggndmg Cl %r ask(x)eglstepblt am{% gezultint blts are then ORed together to form the

final output bit.

In FIG. 54 is seen the dot reorg unit (DRU) which is responsible for taking the generated dot stream for a given color

plane and organizing it into 32-bit quantities so that the output is in segment order, and in dot order within segments

Minimal reordering is required due to the fact that dots for overlapping segments are not generated in segment order. The
10 DRU contains a 32-bit stuft register, a regular 32-bit register, and a regular 16-bit register. A 5-bit counter keeps track of

the number of bits processed so far. The dot advance signal from the dither matrix access unit (DMAYU) is used to instruct

the DRU as to which bits should be output.

In FIG. 54 register(A) 462 is clocked every cycle. It contains the 32 most recent dots produced by the dot merger unit

(DMU). The full 32-bit value is copied to register(B) 463 every 32 cycles by means of a WriteEnable signal produced by
15  the DRU state machine 464 via a simple 5-bit counter. The 16 odd bits (bits 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

outputs based upon 2 bts from the state machine:

+ The full 32 bits from register B

* A 32-bit value made up from the 16 even buts 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.

* A 32-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 bats 0 to 15, while the odd bits from register B form bits 16-31.

The state machine for the DRU can be seen in Table 1. It starts in state 0. It changes state every 32 cycles. During the 32

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

Table 1. State machine for DRU

state NoOverlap Output {output Valid Comment Next state
0 X B G Startup state 1
1 1 B 1 Regular non-overlap 1
1 0 B 1 A contains first overlap 2
2 X Even A, even 1 A contains second overlap 3
B B contains first overlap
3 X C,o0dd B 1 C contains first overlap 1
B contains second overlap

The margin unit (MU) 457, in FIG. 52, is responsible for taming advance dot and advance line signals from the dither
30 matrix access umt (DMAU) 448 into general control signals based on the page margins of the current 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 dot advance signal
from the DMAU. When the MU receives a line advance signal from the DMAU, the line counter is incremented and the
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contains the only substantial memory requirements for the HCU.

5 Apart from being mmplicitly defined in relation to the printable page area, each page description is complete and self-
contained. There is no data stored separately from the page description to which the page description refers. PEC relies
on dither matrices and tag structures to have already been set up, but these are not considered to be part of a general page

format.

10 The page description consists of a page header which describes the size and resolution of the page, followed by one or
more page bands which describe the actual page content.

Table 2 shows the format of the page header.
Table 2. Page header format

Tield format Description
Signature 16-bit integer  |Page header format signature,
Version 16-bit integer  |Page header format version number.
structure size 16-bit infeger  [Size of page header.
target resolution (dpi) 16-bit integer  [Resolution of target page. This is always
' 1600 for the present printer.
target page width 16-bit integer  [Width of target page, in dots.
target page herght 16-bit integer  {Height of target page, 1n dots.
target left margin 16-bit mnteger |Width of target left margin, in dots.
target top margin 16-bit integer  {Height of target top margin, in dots.
tag flags 16-bit integer  |Bit O specifies whether to generate tags for

thus page (0 =no, 1 = yes).

Bit 1 specifies the tag orientation (0 =
portrait, 1 = landscape).

Bit 2 specifies whether the fixed tag data
should be redundantly encoded by PEC or
directly used (O=diwrectly use, 1 =encode).
Bit 3 specifies whether the variable tag data
should be redundantly encoded by PEC or
directly used (O=directly use, 1 =encode).

The remaining bits are reserved.

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

[f bit 1 of tag flags is clear, then the lower
120 bits of fixed tag data contain the pre-
encoded fixed data.

If bit 1 of tag flags 15 set, then the lower 40
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contone color space defines how many contone layers are present, which typically is used for defining whether the
contone layer i's 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 margms define the positioning of the target page
within the printable page area.

The tag parameters specify whether or not Netpage tags should be produced for this page and what orientation the tags
10 should be produced at (landscape or portrait mode). The fixed tag data is also provided.

The black layer parameters define the pixel size of the bi-level black layer, and its integer scale factor to the target
resolution. The contone layer parameters define the pixel size of each of the four contone layers and their integer scale
factor to the target resolution.

Table 3 shows the format of the page band header.
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Table 3. Page band header format .

Field format description
Signature 16-bit integer  |Page band header format signature,
Version 16-bitinteger  [Page band header format version number.
IStructure size 16-bitinteger  |Size of page band header.
Black band height 16-bitinteger  |Height of black band, in black pixels.
Black band data size 32-bit integer  |Size of black band data, in bytes.
Contone band height 16-bit integer  {Height of contone band, 1n contone pixels.
contone band data size 32-bitinteger  Size of contone band data, in bytes.

dither matrix setect map band 32-bit integer  {Size of dither matrix select map band data, in

data size bytes. If the size = 0 only one dither matrix is
used.
Tag band data size 32-bit integer  |Size of unencoded tag data band, 1n bytes.

Can be 0 which indicates that no tag data is

provided.

The black (bi-level) layer parameters define the height of the black band, and the size of its compressed band data. The
5 variable-size black data follows the page band header. The contone layer parameters define the height of the contone

band, and the size of its compressed page data, consisting of the contone color data and the assoctated bi-level dither

matrix select map. The variable-size contone data follows the black data The vamable-size bi-level dither matrix select:

map data follows the contone data

The tag band data is the set of tag data half-lines as required by the tag encoder. The format of the tag data is found

10 below. The tag band data follows the dither matrix select map.
Table 4 shows the format of the variable-size compressed band data which follows the page band header.
Table 4. Page band data format

Field format description
black data G4Fax Compressed bi-level black data.
bytestream
contone data TPEG bytestream|{Compressed contone CMYK or CMY data.
dither matrix select map GdFax Compressed bi-level dither matrix select map
bytestream data.
tag data map bitmap ITag data format. See Section 9.2.2.

15 Each variable-size segment of band data is aligned to an 8-byte boundary.
The tag encoder (TE) 430 in FIG. 50, provides functionality for tag-enabled applications, and it typically requires the
presence of IR ink at the print head (although K ink or other might be used for tags in limited circumstances). The TE
encodes fixed data for the page being printed, together with specific tag data values into an ervor-correctable encoded tag
which is subsequently printed in infrared or black ink on the page. The TE might place tags on a triangular grid (see FIG.
20 55), allowing for both landscape and portrait orientations. Basic tag structures are rendered at 1600 dp, while tag data
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15 subsequently preferably printed with an infrared-absorptive ink that can be read by a tag sensing device. Smece black ink
can be IR absorptive, limited functionality can be provided on offset-printed pages using black ink on otherwise blank
areas of the page - for example o encode buttons. Alternatively an invisible infrared mk can be used to print the position
tags over the top of a regular page. However, if invisible IR ink is vused, care must be taken to ensure that any other
printed information on the page is printed 1n infrared-transparent CMY ink, for black ink will obscure the infrared tags.
20 The monochromatic scheme is preferred to maximize dynamic range in blurry reading environments.
When multiple PEC chips are used for printing the same side of a page, it is possible that a single tag will be produced by
two PEC chips This implies that the tag encoder must be able to print partial tags.
Since the tag encoder (TE) outputs 1600 dpi bi-level data, the mnternal workings of the TE are completely hidden from the
half-toner/compositor unit (the user of tag data).
25 Even though the conceptual implementation of the tag encoder (TE) allows tags to have a variable structure as well as
fixed and variable data components, this implementation of the TE does impose range restrictions on certain encoding
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. Itis a
simple matter to adjust the buffer sizes and comresponding addressing to allow arbitrary encoding parameters in other
30  implementations.

Table 5. Encoding parameters

Name Definition maximum value imposed by TE
w ipage width 12 inches
Ry tag size mintmum is 2mm X 2mm
N number of dots in each dimension of the tag 384 dots
(minimum of 92 dots given E)
E Redundancy encoding for tag data Reed-Solomon GF(2%) at 5:10
Dg size of fixed data (unencoded) 40 bits

R size of redundancy encoded fixed data 120 bits
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triangular mesh of tags 488,489,490 combined with the restriction of only two printing orientations (landscape and

30 portrait) and no overlap of columns or rows of tags means that the process of tag placement is greatly simplified.

In FIG. 56 is seen the general case for placement of tags therefore relies on a number of parameters. For a given line of
dots, all the tags on that line correspond to the same part of the general tag structure. The triangnlar placement can be
considered as alternative lines of tags, where one line of tags is inset by one amount in the dot dimension, and the other

35 line 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.
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15 corresponding number of address bits should be appropriately changed.

The TE supports both landscape and portrait printing. The mode is completely independent of the length of the printhead

connected to the PEC. Given correct paper feed, a 12 inch printhead can print Letter and A4 pages in both landscape and

portrait, and multiple PEC chips can be combined to produce arbitrary sized pages. As a result the TE contains a flag to
20 determine the orientation of the tags.

TEOQrientation is therefore a 1 bit flag with values as shown in Table 8.

Table 8. TEOrientation Register Values

Value Description
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 access to the entries is possible, especially during the rendering of one side of a partial tag
(spread over 2 PECs).

Table 9. Interpretation of 10-bit entry in Tag Line Structure

bit9 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 are used to determine the actual data bit to use. If the upper 2 bits of the )
address are set, the remaining 7 bits are used to address the 120 bits of encoded fixed data
for the page. If the upper 2 bits of the address are not both set, the full 9 bit address is used
to address the 360 bits of encoded variable data for the tag.

30
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10% cl & ( ) _pprf@%nata&mn( 3ngl pg @;Aaﬁqsc&mee)ngnfau% pringpmy |Th€b’]é€é$%l aq%ﬂéa d&liewngs! wl‘$h of the two will
109 cl & () -be 294 Elediv( g foﬂ;@%tmzth&s(a)&shﬁp&d by an external process, are stored in the external DRAM, and
therefore can be arbitrarily different. In practice however, they are the same tag rotated through 90 degrees. The total
5 memory required by a single TFS 15 3840 x TagHeight bits The maximum amount of memory required is for a tag of
height 384, and totals 180 KBytes. A maximum total of 360 KBytes is therefore required for the iwo orientations.
As seen in Figure 55, for a given line of dots, all the tags on that line correspond to the same tag line structure.
Consequently, for a given line of output dots, a single tag line structure is required, and not the entire TFS. Double
buffering allows the next tag line structure to be fetched from the TFS in DRAM while the existing tag line structure is
10 used to render the current tag line. Reading a line of tag structure data consequently consumes the same DRAM
bandwidth regardless of the orientation. The entire TFS might be stored on the PEC chip, in which case the rotation could
be performed on-the-fly. The memory requirements for the TFS is therefore a double buffered tag line structure on chip
(totalling 3840 bits X 2 = 7,680 bits, or 960 bytes), and up to 360 KBytes in the external DRAM for the portrait TES and
landscape TFS. In terms of bandwidth, the writing of the portrait TFS and landscape TES only has to be done once, so is
15 not an issue. Reading the appropriate TFS during printing however, 1s an issue. Assuming a worst case of adjacent tags,
there is a need to read a tag line structure each output line. Each tag line structure is 480 bytes. For a maximum print
speed of 30,000 lines per second, the TES access amounts to 13.8 MB/sec. '
The fixed tag data buffer is a 120-bit data buffer, addressed by 7 bits. The buffer holds the encoded fixed component of
the tag data for the page. The fixed tag data buffer is written to once per page either directly from the 120 bits of original
20 fixed data input or after the lower 40 bits of original fixed data has been Reed-Solomon encoded.
A TaglsPrinted flag specifies whether or not a particular tag should be printed. Only a single bit, this flag is double
buffered for a total of 2 bits. Double buffering allows the TaglsPrinted flag for the next tag to be determined while the
curzent tag is being rendered. TaglsPrinted is therefore a 1 bit flag with values as shown in Table 10.

Tabte 10. TaglsPrinted register values
25

Value Description

0 Don't print the tag. Ignore the TFS as well as tag fixed and variable data
values. Qutput O for each dot within the tag bounding box.

1 Print the tag as specified by the vanous tag structures.

A Half-Line Tag Data Buffer contans the unencoded variable tag data for up to a half the tags on a line. Since each line
can contain 2 maximum of 152 tags (a tag size of 2mm x 2mm closely packed over a length of 12 inches), each half-line
tag buffer contains at most 76 tags. 128 its are allocated to each tag 495, 496, 497 and so on as shown in Figure 55: 120
30 bits of unencoded data 501, a 1 bit TaglsPrinted flag 498 , a 1 bit LastTagOfHalfLine flag 499, and 6 reserved bits (set to
0) 500. The size of a single buffer is therefore 9728 bits (1216 bytes). The allocation of 1 bit to the TaglsPrinted flag
498, instead of having a magic value for the unencoded data (eg 0) means that the unencoded data is 120 bats of
completely unrestricted data.
Rather than double buffering an entire line of tag data, we triple buffer a half line of tag data. This saves 1216 bytes
35 (compared to the double buffered full 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
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Last agOfHal ine flag will be sct in tag N/2 for one half line, and tag (N/2 -1) for the other. Regardless, the offset from
one tag half-line to the next is the same in both cases. Portrait and landscape pages balance each other out in terms of total
number of tags. Assuming a worst case of adjacent 2mm % 2mm tags, there are 76 tags per half-line, and for an 8.5 inch
long page there are 107 tags in the line dimension. The size of the entire data in DRAM is therefore 1216 x 2 % 108 =255
KBytes. For a print speed of 1 page per second, the bandwidth to DRAM is therefore 255 KB/sec. For a maximum print
15 speed of 30,000 lines per second, the TES access amounts to approximately 561 KBytes/sec.
The variable tag data buffer holds the 360 bits of encoded variable data for a single tag. The TE double buffers the
variable tag data buffer for a total of 720 bits. Double buffering allows the raw 120 bits of variable data for the next tag to
be redundancy encoded (if required) and stored in one variable tag data buffer while the other is being used to generate
dots for the current tag, Note that if the variable tag data is not encoded by PEC, only the first 120 bits of the 360 variable
20 data bits are valid, and it 1s the responsibility of the external page provider to ensure that the 120 bits of variable tag data
have appropriate redundancy encoding already applied
The variable tag data buffer shown in FIG. 58 15 the current tag’s variable data. While the dots for the current tag are
being produced, the variable data for the next tag is being encoded to a second variable tag data buffer, as shown in FIG.
59.
25 Rather than store the entire tag format structure, or the variable tag data for all tags, the data is loaded from the external
DRAM in a just-in-time way. Appropriate trade-offs are made between buffer sizes and transfer bandwidth. Processing
ahead to ensure data is available just in ime works occurs in both the dot and line directions.
+  Agthe dots for one tag are being generated in the dot direction, the variable data component for the next tag are being
redundancy encoded into a second variable data buffer, and the next tag’s TaglsPrinted 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.
Nothing is read from DRAM when a half-line of tag data is used again. Since there are 3 half-line tag buffers, two
buffers can be used multiple times for a single line of tags while the data for the next half-line of tags is ready. 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 line of the tag format structure is read from external
DRAM. This is only required if the current output line is actually part of a tag, In the case of the last line of a tag the

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)

requirements.
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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 must be generated 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] = LineInterTagGap
15 maxTagComponentLine[1] = TagHeight
' maxTagComponentDot{0] = DotInterTagGap
maxTagComponentDotf1] = TagWidth
startDotOffset[0] = StartPosition.LocalOffsetDot
startDotState[0] = StartPosition. TagStateDot
20 startDotOffset[1] = AltTagLinePosition.LocalOffsetDot
startDotState[1] = AltTagLinePosition. TagStateDot
CurrPos. TagStateLine = StartPosition. TagStateLine
CurrPos.LocalOffsetLine = StartPosition. LocalOffsetLine
Else ;
25 maxTagComponentLinef0) = DotInterTagGap
maxTagComponentLine[1] = TagWidth
maxTagComponentDot[0] = LinelnterTagGap
maxTagComponentDot[1] = TagHeight
startDotOffset[0] = StartPosition.LocalOffsetLine
30 startDotState{0] = StartPosition TagStateLine
startDotOffset[1] = AltTagLinePosition.LocalOffsetLine
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the 3 data buffers are addressed The next 9 bits determine which 32-bit quantity to read from the buffer, and the lower 3
bits are used to determine whuch of the 8 sets of 4-bits should be selected. Of the 14 address bits, the lower 12-bit address
starts at 0, and increments each cycle until it has advanced 32 times. The counter then stalls until the AdvanceTag signal
on 593 comes in from the high level encoding process. If however, the LastTaglnHalfLine flag is set (read as bit 122
5 from the latest processed tag), then the lower 12-bit address is cleared to 0, the tag half-line buffer 2-bit index is updated,
and the load process for the next half-line of tag data from DRAM is potentially started.
The state machine 591 keeps a 10-bit TagLineCounter for the number of half-lines processed for this full tag line. The
TagLineCounter is cleared at startup, and then incremented each time the state machine fimishes encoding a tag whose
LastTagInHalfLine flag is set. When the TagLineCounter is incremented, the 10 bits are used to determune the new value
10 for the half-line index as well as potentally resething the TagLineCounter itself. When in the first half of the line (the
lowest bit of TagLineCounter = 0), the next half-line buffer will always be the second half-line of the same tag line. This
simply means updating the 2-bit index. When in the second half of the line (the lowest bit of TagLineCounter = 1), the
next half line depends on whether we have finished processing this tag line or not. If we have not finished processing the
tag line (the 9 highest bits of TagLineCounter don’t match either TagHeight or TagWidth, depending on the value in
15 TEOrientation), the next half-line is the same as the previous half-line. If we have finished the tag line, the next half-line
comes from the next line, and therefore we use the next tag line’s half-line buffer. Since we are starting a new tag line, the
counter is cleared to 0 as well. Table 12 shows the relationshup between old and new counter and half-line buffer indexes.
Table 12. What to do when LastTaginHalfLine is set

j— Lo bit of Upper bitsof | Current Index | Next Index Clear

TagLineCounter { TagLineCounter = Value Value Counter?
tag height

01° x! 0 1 No
0 X 1 2 No
0 X 2 0 No
3 0 0 2 No
1 0 1 0 No
1 ] 2 1 No
1 1 0 1 Yes
1 1 1 P 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 cleared 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 flag for the half-line associated

10 signifies first half of Iine

n don't care state

2 signifies second half of line



) & ()- fs10%) & ()- fL10%) & ()-ko|[:W=UL f10%) & ()- f, nPd0% & ()-m
+, MMA0%W) V& ()-m < "L$10% & ()-G f L$10% L & ()-G < L$10%& ()-G y|[: W=UL
* SHYA.0% )WE'04/89838 SHYA0% )i & ()- f110%) & ()- | +#10% & () -PAT/AUDID}17& () -
fly@a0%) & ()--H[: W=UL f/ma0n & ()- f .10%) & ()- f f,#10%) & ()-
ff,#10% "

-87-

with the old index is then set The number of 32-bit words to be read from DRAM is specified by the HelfLineSize
register, as described in Table 13. The current address for reading tag half lines is then incremented by HalfLineSize so
that it is pointing at the next half-line to be read. This scheme causes a single half-line to be read in anticipation at the end
of the page. Since the data is not sent to the page, it does not matter.

5 Table 13. Registers for manipulating tag’s variable data

Parameter Description Typical Value
DataSymbols The number of data symbols in an output codeword 5
RedundancySymbols The number of redundancy symbols in an output code- 10
word

NumberQfCodeWords  [The number of codewords to encode 6

HalfLineSize The number of 32-bit quantities in a half-line of variable 304
tag data to be loaded from DRAM

EncodeSelect If this bt is set, then data is Reed-Solomon encoded. If 1
clear, the data is merely copied.

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.
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CLAIMS
1. A printed page tag encoder comprising:
an input at which to receive a tag structure template;
an input at which to receive fixed data bits;
5 an input at which to receive variable data bit records; and
a tag dot generator outputting single bits depending on position in the tag defined by the tag structure template
and said fixed and said variable data
2. A printed page tag encoder as claimed in claim 1 additionally comprising a redundancy encoder for optionally
encoding said fixed and/or said variable data.
10 3. A printed page tag encoder as claimed in claim 2 wherein the redundancy encoder utilises Reed-Solomon encoding.
4. A printed page tag encoder as claimed in claim 1 wherein tags are placed regularly on a page.
5. A printed page tag encoder as claimed in claim 4 wherein tags are placed in 2 trrangular grid.
6. A method of establishing printed page tags comprising :
formatting fixed data for the page being printed together with specific tag data values according to a
15 defined tag structure format; and
regularly locating tags on a page.
7. A method of printing a printed page tag as claimed in claim 6 further comprising redundancy encoding the fixed and/or
specific tag data.
8. A print engine/controller to drive an ink drop printhead comprising:
20 a contone image decoder to decode any compressed continuous tone image planes in the received compressed
page data;
a bi-level decoder to decode any compressed bi-level image plane in the received compressed page
data;
a tag encoder to produce a tag image plane; and
25 a halftoner/compositor including a dot merger unit controlled by a color mask fo effect integration of
the image planes and tag data plane,
9. A print engine/controller as claimed in claim 8 wherein tags are placed in the tag image plane on a triangular grid.
10. A print engine/controller as claimed in claim 8 wherein the tag image plane is connected to an infrared ink chanrel by
which to place infrared ink printed tags into a printed page.
30 11. A print engine/controller as claimed in claim 8 wherein the tag encoder redundancy encodes the tag data destined for
said tag image plane.
12. A print engine/controller as claimed in claim 11 wherein redundancy encoding uses Reed-Solomon encoding.
13. A print engine/controller as claimed in claim 11 wherein the print engine/controller encodes both the fixed and
variable parts of the tag data.
35 14. A print engine/controller chup to interface with an ink drop printhead by which to generate tagged printed page
comprising:
an interface at which to receive compressed page data;
a tag encoder to output a tag image plane;
a contone image decoder to decode any continuous tone image planes in the received compressed page data;

40 a bi-level decoder to decode any bi-level image planes 1n the received compressed page data;
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image plane;
a printhead driver to output the composite to a printhead; and

a printhead.



