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BACKGROUND ure as sensed, enabling perspective
correction to be perforned on the sensed

It is known to provide one or more coded data structures on a surface that can be
read and decoded by a suitable sensing device. Various embodiments of such a device
incorporating an optical sensor are described in many of the documents incorporated into
the preSent application by cross-reference.

The coded data structures disclosed in these documents include target features that
enable the sensing device to identify the position of each structure. The relative positions of
the features within each structure can also be interpreted to determine perspective distortion
of the structure as sensed, enabling perspective correction to be performed on the sensed
data. However, to enable the sensing device to decode the data in the structure, it is neces-
sary that the rotationial orientation of the structure be determined. Typically, this is achieved
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rotational orientation of the structure be determ ned.
Typically, this is achieved WO 2004/ 051557
WOCDP4M32802/ 001634 -4 by providing at | east R§FésU2002/001634

feature that is rotationallw.asymmetric in sone way.
For exanple, in one enbodinment, a keyhol e-shaped
feature is provided that can be |ocated with respect

by poeidirgha leastivee fdabme¢ tiatis rotativaialiyhasymmeatiig)ini some way. For example,

in on@%ﬁ&fﬁ'eﬁ]t, L E%hﬁf&tsﬁﬁﬂeg M1 ({\?6‘&1@6& tﬁﬁl ah bé B8atsd Mie’dﬁ&t to

he “sensi ng act ‘Wéﬁ%‘ﬁ fructur
the othﬁafeawgmewéé%f@dqu%m&é&e&mg “LFGHFPB OHftay Structure
in red@eotetle saishgalevics. THedciuabduta that iseendaded is theudatasteicimancan

then E’e Eléchfie%' S ge 1ftJ }gr%tl{op .?%ﬁ’%ﬁgtg%%fgg g§ vawérpeﬁ ﬁ’cﬁ.!gﬂ‘le structure’s

' POSlt@mﬂa@gémﬁlqméﬂaﬁ% the need to dedi cate space to one

e orientation featu dt dfflcult
Co nclpﬁﬁ‘{ VARRRE I élyfapg?ngﬂag lpgféﬁ]ﬁ Po edicate spacd t& bne or
morefuiepatesieatires) dnd dierlifficultyaf] :mmmmmy ipuch features for the
purpcgg &f emo@.@ﬂ Ehubﬁhl BB@ntQﬁ&Stﬁfh‘Pﬁnﬁﬁoﬁ HRe ?refséhcfa e damage to the

eat ur es, desira er.ef Q
featugsp, Té%&%ﬂf%mes theresbitaio SROGEIeEPE ApmAion BRI gE apcpry -
cientignfid imaredircerdereetable hed dbrodntoe-camebtable fashion.- corr ect abl e
" fashi on. SUMMARY COF THE | NVENTI ON I n accordance with a

SUMMH?YWZE{E ‘éFe 10 ent| on, there is provided

I ne-r d data di sposed on or in a

S“%ﬂE&Jngaln)h(@chﬁ S‘H;régt%lfe?t d@tﬁﬁn@eﬂtﬁ%ﬂ%’éﬁs id ﬁ%w'déd/ﬂ;ld&hme-read-
ablewﬁ é%?ﬁl@p%srﬁkmfl a@ﬁtalsa%%“a?dﬁ a?% %F?m&* ﬁ’ﬁgayf’g‘\)bavmg

six-fdlditdtationalapmntetrgthelayaut drehtdng sif identicat subrayoutsyratated 146 rovo-
lutiods Il?fh\]t Q%%EL ce tté?%f fd?gﬁﬂal%g#lﬁ'xggﬁr P ﬁﬁquduﬂ thea&ﬁ&f 8 \Gi§posed in

| ayout

atl 0
accorgRca iffasachisuk- ﬂaara%h inpfudiog fRatGhondicREE de {‘}ﬁ f%shng“%hes the
rotati6n B thatysabidlayoudfivom e tottiain bhat ledst are d:thasubduyeumllﬁan the lay-
sub-layout within the lay- out. Preferably, the
rotation-indicating data distinguishes the rotation of

th Q’r@f@ﬁbiyaﬂﬁ l#&tamfntlﬁ?'ﬁﬁth[% da&tctﬁﬁﬂn@ﬁlsﬂés tBeatioh gf?xe sab-hgbut
e ou erred form
from ﬁ’ﬁémétg(\o/'b#e&g} %\fItF% qud;ﬂh tevd 1%3%{2 0 I%r ggn d the coded
d atIﬁ ag:tt%fcﬁ&f:% Wﬂe 'c@déﬁlﬂtata' if féd\iﬁ’cfﬁtl?tenéoﬁ@& E.ndJﬂBE c@d?ﬂQﬂta of

dat a feral

each R glaYIAINE] e Legehaito BRfer G SpETra Y O TRy Goded data

is rediidab iy akﬂoﬁ&amgfalﬁaeﬂ-ﬂohmmﬂend@ngles a plurality of
positions . of data elements, the sub-layouts being

i ntParfermblye eroh subrlavgut-defnpset Plalite of Pesiions s dafgtegpments the

sub-1EoBIERRING iAAEIvAP With @acteaiér Witk any Bvaddth efeffeni® dvérlipbing
each%pe | ayout is repeated on the substrate. More

Bferably, the | ayouts are packed together on the
SURR G tBrred B! @Y YUout 8 rifeslcd ofthY sR¥AE iBte preferably, the

layouts are packed together on the substrate.

out.

The layout is preferably hexagonal.

In a preferred form, the coded data includes one or more target features for
enabling preliminary location and rotation of the layout to be determined by a machine used
to read the coded data. More preferably, the target features are configured to enable per-
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one of the remaining sub-layouts to be decoded.
Preferably, step (a) includes the substeps of:
imaging the substrate to generate an image thereof;
processing the image to locate one or more target features of the coded data; and

on the basis of the located target features, determining a position of at least one of

the sub-layouts.
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el 4 4 Khemasicniey ohe h@lﬁs‘@eg SpRore o Hipisd D81pSh g it
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four c6@RRrdsfdfgert®:9 is a perspective expl oded view of the
net page pen shown in Figure 8, Figure 10 is a
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* perspective view of a wall-nounted netpage printer;
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Figure 8 is a perspective view of a petpage pen and ifs associated tag-sensing

field-of-view cone;
Figure 9 is a perspective exploded view of the netpage pen shown in Figure 8,
Figure 10 is a schematic block diagram of a pen controller for the netpage pen
shown in Figures § and 9;
Figure 11 is a perspective view of a wall-mounted netpage printer;
Figure 12 is a section through the length of the netpage printer of Figure 11;
Figure 12a is an enlarged portion of Figure 12 showing a section of the duplexed

print engines and glue wheel assembly;
Figure 13 is a detailed view of the ink cartridge, ink, air and glile paths, and print
engines of the netpage printer of Figures 11 and 12;
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Figure 27 is a schematic view of a terminal elemént specialization class diagram;
Figure 28 is a schematic view of a static element specialization class diagram;
Figure 29 is a schematic view of a hyperlink element class diagram;

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

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

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

Figure 34 is a schematic view of a field element specialization class diagrmn;

Figure 35 is a schematic view of a checkbox field class diagram;



Figure 38 is a flowhart of an input processing
algorithm Figure 38a is a detailed flowhart of one
step of the flowhart of Figure 38; Figure 39 is a

schemati c view of a page server conmand el em(e:n}AU%(I)WOO1634
WR2MHOAT Figure 40 is a schematic view of &CT

subscription delivery proto@ol; Figure 41 is a

scherrati c view of a hyperlink request class diagram
% ure 42 is a schematic view of a hyperl i nk
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enbodi nent of the invention such as that described in
I e[Fagur©B9 is@ sEhegtbtie vicheof a g servdricgmiand Eleslantwinsadiagram;
hexagonal macrodot packing with*a four-bit synbol unit
outFigur¢ #ig a sf:quatmsenew afts sabscanthertideliwery nsgtogake

|nvent| on; ure 47 s a.one-sixth s ment of an

he a@%& lstaé englic ewg’ﬂﬁg'g reagst clasy ok e mum
b|t .nbol S, th r.smacr odot

pa gl Iﬁ ('51 \ﬁﬁheln}] CHEE g hﬁerilﬁﬁ att,twaét%%ﬂj ﬁbcol
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seg contal ni ng a maxi mum of 17 four synbol s
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ined, ek sb LANGE AR BB ADGHURT (o1 SeaTENt of ' square
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f 0 ngupé iS %Wé(ll squdt bacloast Iﬁlﬁléﬁ %Wﬁ)&dm SR | bﬂﬂ outlined,

for usg B FRBPUERMRSEATBIRESY S AR (Y0 FRiotaf Fisues 5a

to 5¢;t ai ni ng a maxi mum of 14 four-bit syrrbol s with the
hexagonal macrodot packi ng shown in ure 46;
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lined, farGis& @ghan embbdifnedt-of tednviehtionyl t h si x i nterl eaved
24-ary (11, k) codewords; Figure 52 shows the macrodot
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1gur gures 51 and 52, with shared targets; Figure 54

}#ﬁ:e@ﬂ? éﬂok@ ra%te-'s&ﬁlt dcBleRAf st iexBfond] REUAIEHE 38ment
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in Figure 44; _

Figure 49 shows a one-quarter segment of a square tag, with the segment contain-
ing a maximum of 15 four-bit symbols with the square macrodot packing shown in Figure
45;

Figure 50 shows a one-sixth segment of an hexagonal tag, with the segment con-
taining a maximum of 14 four-bit symbols with the hexagonal macrodot packing shown in
Figure 46;

Figure 51 shows a logical layout of a hexagonal tag using the tag segment of Fig-
ure 47, with six interleaved o* -ary (11, k) codewords;

Figure 52 shows the macrodot layout of the hexagonal tag of Figure 51;



of Figure 49, with four interleaved 24-ary (15, k)

codewords; Figure 55 shows the nacrodot |ayout of the

square tag of Figure 54; Figure 56 shows a | ogica

| ayout of a triangular tag, with three interl eaved 23
woanos05(337 k) codewords; Figure 57 shows t hePR#AU2H001634

|l ayout of the triangular tag.of Figure 56; Figure 58

shows a logical layout of a two-fold rotationally

symetric linear tag, wth two interleaved 23 -ary

( 7,Filire 68 dgomy sl sirrafigegiehtol30venabuting Bgs ofthe dedidin of Bigates 51

tag of Figure 58; and Figure 60 shows an
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tag O*Sflgflré ey RSt R RITGY o, Moture of a
' camwmbﬂwﬂb€$0¢unterface inthe formof a napped surf ace,
that is, a physical surface which contains refer-
ences to a map of the surface maintained in a conputer
system The nmap references can be queried by an
appropri ate sensing device. Dependi ng upon the
specific inplenentation, the nap references nay be
encoded visibly or invisibly, and defined in such a
way that a local query on the mapped surface yields
an unanbi guous map reference both within the map and
anong different naps. The conputer system can contain
i nformati on about features on the nmapped surface, and
such information can be retrieved based on map
references supplied by a sensing device used with the
mapped surface. The information thus retrieved can
take the formof actions which are initiated by the
comput er systen1on behal f of the operator in response
to the operator's interaction with the surface
features. In its preferred form the netpage system
relies on the production of, and human




interaction with, netpages. These are pages of text,

graphics and images printed on ordinary paper, but

whi ch work like interactive web pages. Information is

encoded on each page wusing ink which is substantiall b

W42 to the unai ded human eye. The i nk FPOIGMBYE001634

and thereby the coded datatocan be sensed by an

optically imagi ng pen and transmtted to the netpage

system In the eferred for actiLye buttons
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respoasy 1o &he dpeffd shftefictigiwith the shdacelftanats.at ed in Figure 2,

the netpage pen 101, a preferred formof which is
shdiwits preferFedyformsthg natpazeosysiem whescon Hegroduciion o, ard hyman
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other mbndwgnﬁes@aturcs recorded on a netpage are automancally verified, allowing
e-commerce transactions to be securely authorized.

As illustrated in Figure 1, a printed netpage 1 can represent a interactive form
which can be filled in by the user both physically, on the printed page, and “electronically”,
via communication between the pen and the netpage system. The example shows a



Is first consuned, such as in a user's kitchen, near a
br eakfast table, or near the household' s point of
departure for the day. It also conmes in tabletop
desktop, portable and mniature versions. Netpages
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ease-of -use of paper wth the tineliness and
interactivity of an interactive medium As shown in
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work with any nunber of netpage printers. In the

preferred inplementation, each netpage pen has a
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A netpage consists of a printed page (or other surface region) invisibly tagged with
references to an online description of the page. The online page description is maintained
persistently by a netpage page server. The page description describes the visible layout and
content of the page, including text, graphics and images. It also describes the input elements
on the page, including buttons, hyperlinks, and input fields. A netpage allows markings



smal | and densely arranged that the pen can reliably
i mge at | east one tag even on a single «click on the
page. It is inportant that the pen recognize the page
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1.2.1 Tag Data Content

In a preferred form, each tag identifies the region in which it appears, and the loca-
tion of that tag within the region. A tag may also contain flags which relate to the region as
a whole or to the tag. One or more flag bits may, for example, signal a tag sensing device to
provide feedback indicative of a function associated with the immediate area of the tag,



Table 1 - Tag data Field Precision (bits) Region ID

100 Tag ID 16 Flags 4 Total 120 In one form each

tag contains 120 bits of information, typically

all ocated as shown in Table 1. Assum ng a tag density
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increasing the tag ID precision simply by using abutting regions and maps. The 100-bit
region ID allows 2!% (~10?C or 2 million trillion trillion) different regions to be uniquely
identified.

1.2.2 TagData Encoding

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



devi ce, the sensing device nust be able to see at
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sur Eadesbitkspmbolds repgrseuated fo 4 spatiallf coherpnt way imhe thg and the

S5t Ak Six cloﬁf\%}ﬁs Har ﬁteﬂ ﬁaﬁ Sty Withi RO &g, THH b‘reﬁs%ﬁ‘&sthat a

ere a regu i,

bl
bursng Garestos Aiter O MRVHALE SooGHS ARRASPRLITD SAESs 4 pisiiyyg Agember
of syftbisaiverall ahdgmitimusinunder efsgpmbels isary onhiceteword) ok maxings-

ing fflg gﬂél@%o@ﬁ*{ay{h%i)%st %H(?t éa!nlbe ﬂlf]}g ?orjrzécﬂaldr Qi t‘ﬁEg ffEQtlon and

' clamrfe @fﬁxéléwed (mxﬁa@lgté# §'01¢S) iy deﬁpgd tg WF% aﬁa\ﬁ f‘éﬁtr%tswéolt@ a

codeﬁv@ﬂisls @ﬁ‘é@gdd&pﬁhahy shenmet fonetofdlte syntbolsSidRatmnd it3@5hg46 the
[epresents sixty 4-bit Reed- Sol onon

a 0
Same ?rga’? t see description of Figures 44 to 46
beI AW FQfathll SAHSSRBt céﬁ’ér%ﬁes):an i)Qruséd ‘ir@tpﬁ’dceocff 2405, 5)

b| ts The, t resen
ReedsSQiasi 65451 101 SHIRRIS, A Resd-SPIBPPBFoRE W8 OTpags 198 Srdundansys
with eleecdanieze differéit tsytbol anll woddyarmd sizes fanother Wankr @dgomai different

kind '5?%5&’(9 gﬁch & an%oﬁp?ﬁ“ 1 QU ég? ?fgla? % hé? B, ickr NError

om0 P o s PGPS ot

of wiiigh gaérsindicorpbestdinaeidranch thesdtar ed betvveen adj acent
tags. Figure 6 shows a squar e tiling of 16 tags and a

c or nearpasrid isppport inglerslick bingerationvath a Gmgedresion @3 a gensing

dewc‘ehﬁe%\!ﬁjn'zéﬂlg%%%%i %gxsttﬂé(hblé 18@8e at\EAsRORALBiRlap #h its field of view no
s gehete 5 1 P08 ot g ol R et Fﬁe el RO ot
the fipidatfisey Gf4he sansingldevits is sherefons afsugtion of é\ﬁérzﬁgné pracing of the
tags.| Nterleaved spatially within the tag to maximze
resilience to burst errors. Assuming a 16-bit tag ID
as before, this allows a region |ID of up to 92 bits.
PhysTbalwatrbeBJrieng macr odot s 748 of the tag are designed

{0 B UBLL AL ARG SIS 1o SBpbDRk O BT Bh-ptanar

surfactyjvéherd asmogdantiling of trigs mmeo herposeblei I@éhq Iaﬁfgé’ﬁ%a &%ﬂeé\ﬁmlanar
surfaSRtfifetd PR leli}% dfashs 1§ Bodsibld, Klefsuhaéﬁ%ﬁﬁl &shedtObf paper and

the ik A1 r%fgflsr%& it P R iR Rb By al SRLEbE R -

ing. orientations of the tag relative to the sensor, the
resent .invention is concerned wth e d
0 S

2 '
or ITEEHTE R SiPWin £XPRPIEFERE dgindb form Fafous pegspective
targefs Q0 It BRUEND irlSrucars toeagsdescaibgdbly Benretiat al dadls Ragnt 5051746.

The tg% 555]}6?;&38:\@5 éﬂ{tg 4-6\%1{ ﬁ%ﬁf %&&ﬁ WQ 7@%&@&{%@1‘1\/\%&5 of Figures
44 to iocheley 9 disapisin o YRl (I8l LAY bitsTh (8 rqpFgsents each
“one’THINBE the lesbrice of a mark 748, referred to as a macrodot, and each “zero” bit by

the absence of the corresponding macrodot. Figure 5¢ shows a square tiling 728 of nine
tags, containing all “one” bits for illustrative purposes. It will be noted that the perspective
targets are designed to be shared between adjacent tags. Figure 6 shows a square tiling of 16
tags and a comresponding minimum field of view 193, which spans the diagonals of two

tags.



codeword (1-4) and the position of the synbol within
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The arrangement 728 of Figure 5c shows that the square tag 726 can be used to
fully tile or tesselate, i.e. without gaps or overlap, a plane of arbitrary size.



four-bit synmbol unit 706 outlined. The area of the
synbol unit is given by AUNT = 4s2. Figure 46 shows a
hexagonal macrodot packing 708 with a four-bit synbol
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ATAG = (12s) x (6,5s) x 6 = 432Jis2 = 748s (EQ 5)
RFOV = (12sx2)+2s = 26s (EQ6) 2 aRFOV= 2124s2 (EQ 7)
DFOV = (6 x 17 x 4) /AFOV 0.19 /s2 (EQ 8) Figure 49

shows a one-quarter segnent 718 of a square tag, with
womwosegssent con taining a nmaxi num of 15 fourpdavAu2002/001634
synbols with the square nacr, gdot packi ng shown i'n Fig-
ure 45. Each tag segnent caﬂ by way of exanpl e,

support a codeword of a (15, k) Reed-Sol onon code,
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hexagonal tag designs using the tag segmsnts
Aryg = (129) ¥ (6/35) x 6 = 432./3s% = 748s (EQ 5)
Reop = (12.§x 2) +25 = 26s (€Qe)
nRio,,z 21245” (EQ?)
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Figure 49 shows a one-quarter segment 718 of a square tag, with the segment con-
taining a maximum of 15 four-bit symbols with the square macrodot packing shown in Fig-
ure 45. Each tag segment can, by way of example, support a codeword of a (15, k)
Reed-Solomon code, with the ability to detect u = 15—k symbol errors, or correct
t = | (15-k)/2] symbol errors. For example, if k = 7 then u = 8 and 1 = 4.



shown in Figures 47 and 48 yield fields of viewwth

t he highest recovered bit data densi- ties. Square and

hexagonal tag designs using the tag segnents shown

respectively in Fig- ures 49 and 50 yield fields of
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Hexagonal Tag Design Figurezel shows a | ogical |ayout

of a hexagonal tag 722 using the tag segnment 712 of

Figure 47, with six interleaved 2 -ary (11, k) ]
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arrangenment 724 sh@ggxt Iggjxt;h_-eﬁ@g?agonal tag 722 cagag
be used to tesétfate a p(l ane of arbitrary size.
Al ternative Square Tag Desi gndEi ure 54 shows a
| ogi cal | aydtroroT GHoX RET 2810 ?ég"ééd 730, with four®"®
interleaved 3 -ary (7, k) codewords. Each 3-bit
synbol 732 is repregént ethgays?an L-shaped arrange- npatky
of three macrodots. EfJure 55 shows the nacrodot
| ayout of the square tag 730 of Fig-,ure 54.
Tri angul ar TPagyDPedhgiSK 9udeops 0dBdns a | ogi cal | ayGaf2
of a triangular tag 734, with three interleaved 23
: - arBigiré 50 khowsaenwesixth seghmai 720 bf an kaxaguohl Ag6witls the segment
r . Al
contafnrglg% % 12% Hsn%ﬂs’__cfm ﬁ ?gﬁl%ﬂ_}ﬁ?ﬁﬂﬂo bRwifk th@R850AL ma@bddt Itﬂﬁéi&lg shown

o g ws t he crodot | ayout,o H}ek
in Figyre 46 Jiach fagisagmers £a Oy pray pfexample, NRPf # [0 Wé’f%&{ﬁ K)
Reedzsmbdiw@gbe,ria:l atpag&uﬂ&ﬂ ¢5,i4) adbde buittethe tabidity td deteptlvar tagk
734 - ed it t L tif @MY 6 th
sl (it 42 8 A S BBV ten
u=PBapddt=4f a two-fold rotationally symmetric |linear tag

738 iLh.two, interleaved 23 -sary LA 1K) .

Ea oL i dres oty Beregipa Bigy (B 14) G 1RARAAS of the
requised fehbefmew. (BOQ 15D gives hearaaddths remuitpdrfielGof WemEQ Ha gives
the redBr QR dakA ANy B thl'BRId dfRtewear tag 738 of Figure 58.

Figure 60 shows an alternative macrodot |ayout based

on the layout of _the |linear tag_of Figwre 58, with a

purely oferdt BR3ISbNEIZs3KOUTIATP3armP¥ous to the (EQ1

structure of a conventional barcode. Although the

| ayout is bas;@dmg)lac tfs 0f) L he=bonear tag of Figureeas
58, the targe

Sstructures 17 are linear rather than
circular. This enbodi,ment is,particularly suitable

for use with prior ®rprBd/édte scanners (with suitafRé?
sof tware changes) adapted for |inear scanning rather

than area Sﬁ%ggi-—p%x14><4)/Apov'='0-12/~v?' (EQ 16)

Of the tag designs considered, hexagonal tag designs using the tag segments
shown in Figures 47 and 48 yield fields of view with the highest recovered bit data densi-
ties. Square and hexagonal tag designs using the tag segments shown respectively in Fig-
ures 49 and 50 vield fields of view with lower recovered bit data densities.

Hexagonal Tag Design
Figure 51 shows a logical layout of a hexagonal tag 722 using the tag segment 712
of Figure 47, with six interleaved 2* -ary (11, k) codewords. Figure 52 shows the macrodot



1.2.4 Tag I mage Processing and Decodi ng Figure 7 shows
a tag i mage processing and decodi ng process flow A
raw i mmge 202 of the tag pattern is acquired (at

200), for exanple via an inmage sensor such as a CCD
WwWomRgLosissrsor, CMOS i mage sensor, or a scannisyd@s@oo1634
and phot odi ode i nage sensor.,,The raw image is then
typically enhanced (at 204) Ao produce an enhanced

i mge 206" with inproved contrast and nore uniform

layoltioX 8le HeRd R thd £ of F] SE Wﬂ"ﬁﬂﬁ%s %Am@&é%hg 9%%%1%13%11

bal or_l.0C range expansi on, equa | satl on
abutilas® Tl nh AEE P e SA0Et SUHEAD! 50t aggassarent 724

showB@Hat AdRAMAIERZ22 cad Be iyqd t6 tdsbefaté & plary efhriigdry328) to -
produce a filtered i mage 210. Inmage filtering may
consist of lowpass filtering, with the | ow pass

Alternative, SquareclagsPesignuned to obscure macrodots but to

pr eﬁ;ﬁgﬁﬁtsﬁ??f& gog&h ffa(&at' qg%tﬂ& d;é@éﬁg gg%% e :'fngeq{seavad

3 addi 3 t m&f such, as e ec-"tio
27 -agnbia Al £08STQydY Brghn g Biteymbeh 3% is rensesspted by ga Lashgpedsarrange-
menttolf énequnamedse Higuce §haive tHean@aidot lagaut uf @6 squate tad 230 of Fig-

are 5¥i €l ding a set of target points. This may consist of a
search for target fea- tures whose spati al

inter-relationship is consistent wwth the known

Triarmmﬁﬁ‘rﬁgby‘ségntag. Candi - date targets may be
identifred directly frommaxima in the filtered i nmage

, 210/88F Seyorha logitablacrt of 2 fipngplar tag At avife freniniesisaved

2" -agr(@, Kpatcdeivogs. Each B-bitsymbal 131664 fepfebinfediby aGfiargbRy s€@igehent
! ‘ ; 41

o S BRE BTSSR MM SATPUL G FURTAMIR} B U

16. Agivihelpe gayarmed hexagonabigeydeserivadatoyen thedripagulantag 734 can be

used @pgisélat@tai phahe 9 frbéttarysisoer 09/ 575, 154. The search
typically starts fromthe center of the field of view

. The target points 214 found by the search step 212
Linear\tag Pesign i dentify the location of the tag in the

Rt Gt v o o

dit
738, i %0 BUHERYS0 A -4 i DreodePTir Bach -t sxpoh T4 is reprosented
by a lineartarmangtsnent oftthree raL@ots, Figdre §9 stictvs themph@alot Yayoefdraedin-

tad B3PR8 precision. It may be useful to determ ne
ear %?e actlggF %D transformof the tag (at 216), and, by

ex Fesd Gllash&d@%?a@fnht&m t%mtcl{tﬁ qla[ytoﬁﬂ%érd Sl e @efyoh{;@f tge linear

sing device relative to ag. is ma e done
 tag of R 18, AR 5 Sed¥ Bk iophiing1 e andiouSus 18 e Sache of o
mnveg@ﬂag?armb@kh@sh BiedaypBtlis baged on dliahof the kimeer tag of Figure 58, the
e oty o et (P URMARSTILE Ao Rurularty suitable

m i v .

for usf S FPOF A G584 ThareOh B ety i pnse adastecely linear
scanning rafker thagi angascqrming. described in P.P. WIf and B. A 7
Dewitt, Elenments of Photogrammetry with Applications

[ S, 3rd Edition, Graw HI'l, February 2000, the
1'2'4025?% age Progrssing ApdReeading ncor po- rated by

I eFRURNT ShoR Qi8S Ghage PRSoeRid 4RINRLAiIAE hlactd d%. Whaw3Race
2020ftt§ea sl ation of %ﬁg}?@ af%)pe 3D arien ation éro ation
202 ol {pe PReatan 1S A EdPT PEHELHVIA A TS RF5PT SUSk 25 & (GD
image s¢nsos EMO gmagéesensoe, or arrganniig/lasey aad ghittogiadeamage ssséo The
raw inRige fit {HeRlypieAllySénhaltRE IR So 'p@odu@@ ah YifincdC R Btk
improved contrast and more uniform pixel intensities. Image enhancement may inclhude glo-
bal or local range expansion, equalisation, and the like. The enhanced image 206 is then



vi ewport scale are known (e.g. by design or froma
calibration step). Each target point vyields a pair of
observation equations, relating an observed coordinate
to a known coordi- nate. If eight parameters are bei ng
WPI20048155T hen five or nore target points are B¢d&d2802{081634
pro- vide sufficient redundaspcy to all ow maxi num
i kelihood estimation. |If six paraneters are being
fitted, then four or nore target points are needed. If
typictlhe filtargd (e 208)toquoduet astiltersddmnge 21@ dinege keringrmeay consist of

low—ggs%] !ﬁ[[?ljtu{% wrlﬁqr]lé [o%\?})];sg filtel R¥n Canﬁ%gie%dl ﬂo%&@é’ﬁﬁcrodots but to

recogni se a,
preseaeeciarsetd: Eieciiteripe sfgp 208 PRENORR gddigiona} ltqring Qasafidgc detec-
tion) 46 RHIGACe ﬁ@w PEhtur&C Tle ﬁﬂveﬂed (ixﬂagem Oaik ltiexy processad od loeatk warget

feanfed (2135 VG S5 K B onis oty ﬁ?? Qﬁffs‘# 4 ée%l%ﬂ?&‘*%%&%a-
tures avhese spRiéal inter-slatienshipde pensistent with thednown é??m%ﬁé? tagJrang

date faﬁgeft Be ﬂ%ndﬁi&éV&i're& ﬁoﬂnﬁndxﬂﬁa sipfe Q'slte{:bﬁdmhitezw or may the
e ree free m o) 200 557

S“"’Je Aching SHek 5 7R piflary o gravgcple)
shapg mpme@e Itypxbd@e@mtegdtwm piggels h:etbmmnanemgwg@ Sefribased on local

maxi®8 YA thORftered %?ée' @), e @ibed E@%ﬁﬁ&ﬁ a@ﬂ%ah&ﬁ%raﬁ RafBer

“oors Rl TE besih e ‘s?t?ﬁiértenm% SEGE ORMEL i S sy, The target

pointD@p4 founfl bEEtEéS,seatd;h @ép THI inflivectily didentify Berlkedtioy of the tag in the
threc-HEaEH Ra sgg%‘aov\ﬁb hpiPhy MG B Ororha its JudaBiatbd 3Btics! Siice the

contents are herein 1 nco ora.te
target RSy aibare #ﬁé‘feé%ayn %ﬂ%ﬂ%?@%@w@% ?%F%%? they are
typicallyt defined io\seb-pidekpreddonved from t he 3D transform 218,

if available. The inferred tag-space to_ inmage-space

perls mex be wectelita detemine theaciual 31 gansfompeidheteg (af(%é) ondy by
exten§iBh,th&k 30 ‘ﬁﬁns‘i?ﬁxﬁ(obpésem dflﬂ%emdihg (wlc&@ﬂ@tﬁleltdﬂﬂﬁ tAdgBlYie may

re

be ayp Ay os AFerfrefin ey pPRloS BerlsP olB6H 09875154, or
usingfaomaxinum lieelibyodr estimatoy fsvch asijeastcaqparpy sdinsgmeny) ford parameter
value§NHARE 8 trAMirmi gﬁs@ @Q@bsem@ peRspebivantistortedr Reet p‘dﬁksu@is

| e.th hol d. t t
desefd . PR A hodecHenp B bRifEaRte) fif Aofdibhn
GIS, Bidt Bditixin, dmﬁrew Hilly Eebctmqo PRl theowateaisf vdich 45 berein i mGDIPO-
rated Bgt Herd e tﬁéi'@tof QHE 3DWRISDBIR hﬁlﬁ@Qﬂﬂ%@ teadklad@Bof thétag, the 3D

red dat enc n_t
orienfleh, BUHED 1B (e 2COABEPY PR 20 AR BT spo sensing
dewce,rthmsr giving eight paramptesdo detited,or Sluopa;'@mr:tetstlf the foxpal length and

SUSSR T EdlibkiBoR &te®NtEach target point
T“’aﬁ .2“?9“;‘2?‘% 5 nuns*g%;og/ B75. 104 1 heeggbta%:ﬂneée o

it hR S SHiQ SRR, TSIating, ot PRSCIYE) SPORIHEIT) o
" nate. Kleiglt parameigrscae being fitted, thgn ifive o apratcket pants prsicededrio pfo-

vide &%&@%&gﬁéw : id Qfowr ﬁﬂk@r&n 166 e&ﬁﬁt@mﬁmﬁmﬁa&@&e

sensin tive rrace I on .can

being {ieAchey ouber BeF i47ER PPrﬂéSrﬁr? ﬁ%edt%%g‘?&&t%s SPRjaipHmorsiar-
gets thancas fotitalyl fequindd thhllowainsirmgn dikviiived restindtionsthéotht g can

be recggﬁsed]ana d8coli3® e\%ﬁ Re up to that many of its targets are damaged beyond recog-

nition.

To allow macrodot values to be sampled accurately, the perspective transform of
the tag must be inferred. Four of the target points are taken to be the perspective-distorted
corners of a rectangle of known size in tag space, and the eight-degree-of-freedom perspec-



Decoding a tag results in aregion ID, atag ID and a
‘tag-relative pen transform Before the tag ID and the
tag-relative pen |ocation can be translated into an
absolute loca- tion within the tagged region, the
wonaiass7of the tag within the regi on nust becKROWR/001634
This is given by a tag map,..a functi on which maps

each tag IDin a tagged regl'z&h to a cone- spondi ng

| ocation. The tag map class diagramis shown in Figure

tive &nsféen PAY §s @ferleh e(aﬂ?i{ﬁﬁgﬁed Bﬁ'sﬂﬁrﬁ{g ﬁkz%ﬁe‘fl Lﬂfe @ﬁ{o§§neglﬁhons
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Bedd ééhhbﬁ%@ﬁﬁ%@ U(?ﬁ/és‘ﬂ‘@/ﬁsm?m{e%sﬁiﬁﬁp %{,ﬁtg&s 36 &gﬂ,ﬁ are

can al shar e
hefe’a IP%PQW%% fefgrancecthereto). aﬁ@eﬁpactt‘fﬁ éraﬂ%fgm mav @ltemmly be

derivgil iom the 3D eghdorml P18, af dvaigabld) and a pen transform the
tag map can be retrieved, the tag I D can be

t r ahbe iateardd tagtspacerto abagshapaes fespedtive ansformR22his nsetl reproject
(at 22«2%%@0%%@& f)@.ﬂﬁéﬂeﬂn%g YOk in?a%@tsb&@ wl'&?erﬁp ?ealwalued

posifigas iy p el (Grdsgoein) INBPolisRb 38 S it (oF more) el

. vant Wdeﬁlﬂ@]@#ﬂﬂ@ﬁﬁ&éﬂce;dMuThm$@6 | The mresplting viencrodst valietisicen-
paredBitk B saﬁﬁremsﬂo!@me%ﬁe whifhelg regtégslt& 29:r0BR or Lpne bit.

may, for exanple, encode cartesian coordi nates
pol @fe tedidioiaheor nitepcospey @debdia HavE beffnaééﬁap‘lédp me%de-

word@’gllgg‘%%dg\%&? Ef@'ic?b]iptalg%het &gired%a%t %36“ dEd 1o dta lg%iean%r%ﬁm

the codeviord may be ugpdrig p@teﬁhvﬂtrhm @ﬁéﬁ@plﬁéd@t&oﬁﬁtﬁ eprsert errors in the

sampiddrddet ures. For exanple, the tag ID may sinply encode
a pair of x and y coordinates of the tag, in which

cashs dibassed gn DS patrmy applicgion seval sinsibed9/5A5CIGAtho bbtatmed tag
data SHPH a@éca %%@b@p 1dchﬁfyttﬁ€ sﬁ@&a %g@@& @ontaﬂﬁ:gg ﬁjﬂg ah§ the

ICIt

fi x t he can
POS“*%EH w@’%i&&m&%{ln@ﬁﬁ %’ée%a#qqg? fihafspgRs devicede ative to
the surfaiceregivn cab tietefot beddeded e the eagh dagp 23tand i B2 transform 218

ofthadsgﬁgﬁémegaaﬁ‘;e% tﬂc’l?é his section. The_ preferr ed

codi ng schene uses ocation-indi- cating" tags as
al ready di scussed. An alternative codi ng schene uses

1.2 GobjTegtMémdi cating tags. A location-indicating tag
ta D.whi ch, en transl ated through the
C o hilte & e ri b duratin e i oo G sritiip o dpnsform
Beforg thectag [ agyt the dag-retativeipem lmattdme’:anég itranslatddito an absolute loca-
tion vifll 16 ta@gédvx%gmqﬁé 1&&&1{0#&1% épégmlﬁ&t Lg whif s

ation to ocatlon
is SRR Qo8 T R HOICR T8 4B éf%ép R 2P Eat P
spondifg lbtatiopciherted mbp vlesst diagram seshown it Bigusec?, ed paresh thé fetpage
printek B8ss escription associated with the region. Not
only 1S the user interface elenent itself identified,

buta fag hﬁﬁ fﬁﬂeﬂﬁ tHe%bEéxﬂlé/lﬁed £ H18 Qe YEBlcereie %7K Big€ AR BRI can

vary atcgordmgﬁ St ace ‘%Br {"9& ollng qgl 2 %ﬁlzggzﬂns gﬁ%% Fl'tj:tsgﬂ'ngf {1ge fﬂ'ﬁﬁm

and the garnetag zlbmbe@g sghesag, tthewmam@ share thesamd tag enagl enment .

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



An object-indicating tag contains a tag | D which
directly identifies a user interface elenent in the
page description associated with the region. AI | the
&gs in the zone of the wuser interface elenen

(%557 t he user interface el enent, maki ngPFH@*rﬂzgﬂz{mm“
identical and therefore ing4.stingui shable.
bj ect-indicating tags do not, therefore, support the
capture of an absol ute pen path They do, however,
supPuwrtag {Mhaay haveur sirugfure whish asmwsetr@éhh@hthnwgséhq feg glap It

may, gﬁcégﬁ ple Oe?lb(gdte%mobﬂgnaftés%g Hﬁ&f%ﬁ_{)ﬁ?ﬁ%dﬁyﬁi{iuﬂfi@%ﬂrin ﬂlg rslgr-
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precidibitisfixed) tied tRage map cagbeimplipiar opri at e sensi ng device
in order for tag data to be read by the sensing

device and for an appropriate response to be generated
1.2.7 n Tagging-$ehemaesystem WO 2004/ 051557
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term na ements, par- ticularly where the content
objAREbfecainBicating teg éitahestag Eaahidhrdirsityddéntiicancer titerface
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: merefé‘rl@ﬁﬁdlﬁtﬂ@uifsﬁ&lw Objcet-ihGicatifibia @:Eﬁot%c&fb@e sBFpUet thegepture of
resence 0

cripti,o
an absR it Bu PR Ervipn! wh o BBPL 2 RENpBE potk Solope
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det may be requesting a copy through a printer with a
eemb‘f" erent page size, for exanple. Conversely, the
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pag server rver t I cien
Vlsualue}ﬁ@nﬁroa REP2ss @f wﬁﬁsgnfswc%v fr“l“?“&'i}P 4hat aﬂ%ﬁ?frﬁaédﬂ%%‘ewﬂh

the printed page using an appropriate sensing device in order for tag data to be read by the
sensing device and for an appropriate response to be generated in the netpage system.




A formatted docunent 834 consists of a set of _
formatted page descriptions 5 each of which consists
of a'set of formatted term nal el enents 835. Each
formatted el enent has a spatial extent or zone 58 on
wdgopedss? This defines the active area of | nEmATU2002/001634
el ements such as hyperlinks_and input fields.. A
document instance 831 corregzsbnds to a fornmatted
docunment 834. It consists of a set of page instances

1.3 830poeaminrANyPhEE DERERASRNEIS to a page description 5
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it represents a copy of a page requested in isolation.

A page instance consists of a set of terminal element instances 832. An element
instance only exists if it records instance-specific information. Thus, a hyperlink instance -
exists for a hyperlink element because it records a transaction ID 55 which is specific to the
page instance, and a field instance exists for a field element because it records input specific
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A netpage ID server 12 allocates document IDs 51 on demand, and provides

load-balancing of page servers via its ID allocation scheme.
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The netpage publication server optimizes the segmentation of document content
into pointcasts and multicasts. After receiving the pointcast of a document’s page layouts,
the printer knows which muiticasts, if any, to listen to.



Figure 2 shows the netpage printer class diagram
reflecting printer-related infor- mation maintai ned by

a registration server 11 on the netpage network. A
preferred enbodi nent of the netpage printer is
WOHRYISHEA i n greater detail in Section 6 bdl@GWUZFZ0H1634
reference to Figures 11 to 1§ 1.5 1 MenjetTM

Print heads The net page system can operate using
printers made with a wide range of digital printing
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Figure 2 shows the netpage printer class diagram, reflecting printer-related infor-
mation maintained by a registration server 11 on the netpage network.,

A preferred embodiment of the netpage printer is described in greater detail in

Section 6 below, with reference to Figures 11 to 16.

1.5.1 Memjet™ Printheads

The netpage system can operate using printers made with a wide range of digital
printing technologies, including thermal inkjet, piezoelectric inkjet, laser electrophoto-
graphic, and others. However, for wide consumer acceptance, it is desirable that a netpage
printer have the following characteristics:

«  photographic quality color printing

»  high quality text printing

e  high reliability

»  low prinfer cost

¢« lowink cost



CMOS logic, data transfer, timng, and drive circuits
(not shown). Major elenents of the printing el enent
300 are the nozzle 302, the nozzle rim 303, the
nozzl e chanber 304, the fluidic seal 305, the ink
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Figures 19(a), 19(b) and 19(c) show the operating cycle of a Memjet™ printing
element 300.

Figure 19(a) shows the quiescent position of the ink meniscus 3 16 prior to printing
an ink droplet. Ink is retained in the nozzle chamber by surface tension at the ink meniscus



returns to its original position. This aids in the
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1.6 THE NETPAGE PEN

The active sensing device of the netpage system is typically a pen 101, which,
using its embedded controller 134, is able to capture and decode IR position tags from a
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1.7 NETPAGE INTERACTION

The netpage printer 601 receives data relating to a stroke from the pen 101 when
the pen is used to interact with a nefpage 1. The coded data 3 of the tags 4 is read by the pen
when it is used to execute a movement, such as a stroke, The data allows the identity of the
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favorite or appears in the user’s history. The hyperlink element class diagram is shown in

Figure 29.

When a hyperlink is activated, the page server sends a request to an application
somewhere on the network. The application is identified by an application ID 64, and the
application ID is resolved in the normal way via the DNS. There are three types of hyper-
links: general hyperlinks 863, form hyperlinks 865, and selection hyperlinks 864, as shown
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Summary of pen interactions with a netpage Object
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Table 2 summarises these various pen interactions with a netpage.
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operates on the page identified by the pen’s current selection rather than on the page con-

taining the comumand. This allows a menu of page server commands to be printed. If the tar-
get page doesn’t contain a page server command element for the designated page server

command, then the command is ignored.

An application can provide application-specific handling by embedding the rele-
vant page server command element in a hyperlinked group. The page server activates the
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1.9 dotJsEHEPSY$TE®N pressing the button. The status of
a docurrent i ndi cates who published it and when, to
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PUBL| Cluptiers] ipmenu

«  document function menu

« top-level netpage network directory

The help menu provides a hierarchical manual on how to use the netpage system.
The document function menu inctudes the following functions:

«  print a copy of a document

»  print a clean copy of a form

«  print the status of a document

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

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



In the follow ng description, news is used as a
canoni-cal publication exanple to illustrate

personal i zati on nechani sns in the netpage system
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In comparison with other media, the netpage system allows the advertising space
to be defined in greater detail, and allows smaller pieces of it to be sold separately. It there-
fore allows it to be sold at closer to its true value.
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2.3 USER PROFILES

2.3.1 Information Filtering
The personalization of news and other publications relies on an assortment of

user-specific profile information, including:

«  publication customizations
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Each user 800 may be authorized to use any number of printers 802, and each
printer may allow any number of users to use it. Each user has a single default printer (at
66), to which periodical publications are delivered by default, whilst pages printed on
demand are delivered to the printer through which the user is interacting. The server keeps
track of which publishers a user has authorized to print to the user’s default pdﬁter. A pub-
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An image object encodes an image in the JPEG 2000 wavelet-based compressed
image format. A graphic object encodes a 2D graphic in Scalable Vector Graphics (SVG)
format,



An i mage obj ect encodes an image in the JPEG 2000
wavel et - based conpressed inmage format. A graphic
obj ect encodes a 2D graphic in Scal abl e Vector
hics (SVG format. WO 2004/ 051557

W@é?&AB%E)Z/ 001634 -48 The layout itself CorygT&@m&foogu
series of placed i mage and gg-aphi c objects, |inked
textfl ow objects through which text objects flow,
hyperlinks and input fields as descrlbed above, and

wat Brenlgyout itee)f epnsistsTf @cssTipsgfcnlaced ipegerand graphic dbigsts) bidepd
textﬂbﬂ* ngé&seth?ou h@dhamlabjecu%sv & mﬂ@cahdfi@wﬁemw dabiited

I nt .di s tlon an or age..
avout Sl S PR bR a5 oed B ied. e vou
uses dtampdotifoemati snitabde @b pﬁ@tent dlstagmcm@sdtsuomge | rage obj ect
I D JPEG 2000 Graphic Position - Gaphic object ID SVG

Tabﬂ@ﬂ@;ﬁ%ﬁyﬂt%ﬁ& Zone - Optional text object ID

L peTrTT R TypPeT- LUFI Frcatjion I D, etc.
P d Type g ing - nﬁngﬂ@g Lmar K Zone - 2.6
INENT D) Q ULLON-As—descriped abdgve, for pur poses

imagsf ef f Pasitiont d| stribut}on and persistgnt storage on

t he ne,pngg?@égﬁbv\mk, a epeCITic fdage layout is
L separ Lﬁ’bj_ea_s_t_a—v\hi ch it refers.

Grapifgen [dPasitibscri bed publ [cation is ready to be

di strii Yo I net pap ublTcatiron |server
all nr‘atig'lééﬁéjc\,ﬂecﬂsf he..he ?Vﬁf the net pade | D server 12,

TextBowuni q‘(wfﬂiwDDfor each phge, page instgnce, docunent,
and dogypent Tnstance.| Jhe server congutes a set of

opti mized-subsets of the shared contendt and creates a
Dptional texi object iD XML/XSL

Hyperlink Type -

Zone -

Application ID, etc. -

Field I Type -

Meaning -

Zone -

Watermark | Zone -

2.6 DoOCUMENT DISTRIBUTION

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

When a subscribed publication is ready to be distributed, the netpage publication
server allocates, with the help of the netpage ID server 12, a unique ID for each page, page

instance, document, and document instance.

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



mul ti cast channel for each subset, and then tags each
~user-specific layout wwth the names of the nulticast
channels which will carry the shared content used by
that |ayout. The server t hen pointcasts each user's
~ Woepodiessssvo that user's printer via the appr T/AiIa02/001634

page server, and when the B intcasting is conplete,

mul ticasts the shared content on the speci fi ed

channel s. WD 2004/ 051557 PCT/ AU2002/ 001634 -49 After

Aﬂeﬂ:%@e@hi{g ﬂgpduhfcaé@ QdaBlh ﬁég%tserv@@ﬁﬁ £2 SSIRENIYS ta N nRflfidk€han-

i cast ¢ el s, specified
acl SO 6 B R (ot g e rpﬁlﬂfﬁsgag%@ 28, oV ornter
extraste fvoer ﬂiamlmaswu%mns éwke alngtczts fofaredtth by s iptgeclaptuts. The page
serv hﬂe?é&ﬁl Q‘P&@veqm Relived Q‘{ en gts'éﬁh Q%rddtcﬁﬁt&ﬂge | ayout s.

page” servers persi archive the received
pag@ndeay pﬁﬁ@r mdreséiadrdeﬂl ﬂﬁrﬁb?da;ts toQMBICh &s @bgenla%utb afer, the

ei ved s.to |ts yout s
prins F S1eHEF 1 gl Deplapbaigh dy by 08 GRS e REBTLEY ot e
| ay@htier Abtthal Efdhx{s%%&%r thé Prn kS fabbr thi S chWYerBliv-
ci rcunst ances, ter p@ % gg dg faster than |
ered. ¥y§aNming 4 QparYy é?f Ré‘ﬁ%h? CORESYy M Y™ 93 F PETagsPaghiss 2 Size
of lespipe 40@(Bdmmnitmarhhemﬁ:gelsqld infexcevy of Hifesugingpgedindts dnternal
f, f @
oM ef ot ul PR o phip o e A Bl Bl R Mol prse
per sepapd s ig eAwiypleg tp &POK%%B?% 31\/%&1%'#&6 dataper $prond, which is
similgio tHediighest edp&teditra of pige dafa deliecrp ager 2 perdbariarhdork Thi s
is equivalent to 400KB or about 3Moit of page data per
s e d@yied undsi jabkpring] cizsumisiapgesy sych dfevhangheprintenpescivg of papes it
is liké} tHABME usbR bl Q@ilmé/ﬁarryplemr the pRieP PPBIBELE IHRKikter FY 6 page

t h wh th t
inter g AP b gL ™ [0 T hely “that the user will be
ok, PP bGP BEmHPBLY HPLG et BE i will b

unabl g%ﬁ@g@é ot 1@%@\% whw ﬂfﬁ%g%ﬁ?% ?rr@? n§m§% ach%ﬁowwﬁere-
fore atlows pfinteds taimbniifrequesis dorennilidastsl Whebcritivcabivintbet of stghests
is recéﬁ%} &f tﬁnégdlc 6&8&3&6% ﬁl?l:flﬁd’ag‘t(s H%CO%%% mim slﬁ?éd%ts

catlon server there- ore a

su k@ﬁc& afdaéh!dﬁ&{t $s ;ﬁrﬁﬁed ﬁ“pm{e‘i' b&ﬁﬁk&uce\%%ia@ d {amaatecalany time

nber,  of geei ved. or .a tinmeout occurs
by refiggng i Gage PR IS ol BRSSP Bt TR shar o
obj ects. Once a docunment is printed, a printer can
2.7 pr QsDeEMAND BOSUMENTS| i cate at any tinme by retrieving
its page layouts and contents fromthe rel evant page

Se 'Wl?rdglna Retfa o OQEM?‘E?S %@@\E§ dmﬁﬂﬂ E Eﬁt WA sonalized and
u IS S
doliveal ST TS K A GReU I G T KSR oo sheonient
delivepeisinude dirkctlytio Weevrequestiigmrintér watheut the nee of naalténdstc ont e nt,
delivery is made directly to the requesting printe

wi tWisneE nopenetpage ¢acupgnt ip reguested gRcdemantd, ghis pat st@ahzed and
it is delwadedevih ai (ngﬁftetfﬁétﬁigedbmﬁktﬂi@r&wet twhich f@fdmats it as a netpage

docui SONBHEE WlanaiA sl 3 oSk YELEL ¥ A E SIS erver
The n@fewafg@lat%n&ﬂ@ﬁ@ﬁhas lv\owbﬂgta@fé/aﬂgwmtﬁm% gosymepidormais, gnclud-
ing AGDRGI Fktablo Tlogts ént Formdat (RDPR @8] HythtriekAllfafip S.aiigtQke (HTML).
In the case of HTML, it can make use of the higher resolution of the printed page to present
Web pages in a multi-columnn format, with a table of contents. It can automatically include




The netpage formatting server has know edge of various
I nternet docunent formats, includ- ing Adobe's
Portabl e Docunent Format (PDF), and Hypert ext I\/Iarkup
Language (HTM.). In the case of HIM, it can
WOROMHEISAT gher resol ution of the printed pagé’C(Té“L"O“2‘""“63’4
present Wb pages in a nul &p.-colum format, with a
tabl e of contents. It can autonmatically i ncl ude WO
2004/ 051557 PCT/ AU2002/ 001634 -50 all Wb pages
all Wigh rpeges|djrettiynlindkud tio ﬂteirequeefqd @agee The ugps camivae thivbehgwar via a
prefe%éﬁ@@ this behavior via a preference. The netpage
ormatting server makes standard net page behavi or,

I NnCTheceR@ gd: tttr@lﬁmng@bﬂvw inykeantinged sephgnisshaviay mcludbigenter-

ol g EATER iy R oy Bl a8 i
formtolt haipaslafombﬁgb of different m:p@g omzatshﬁ@m bathdhe patpagh E’tl’fétﬁb"éld
the n&ﬁ&% p{i/éé fVer, atil Hlidal Reswl Ee HRRRIN FGH seyeisem

rom b servers. 3 SECUR TY 3 CRYPTOGRAPHY
raphy is used to protect sensitive information,
3 ty%ch’ﬂ*ﬁ)orage and in tran- sit, and to authenticate
parfies to a transaction. There are two cl asses of
31 ¢ Yin wi despread use: secret-key

cryptography and public-key cryptography. The netpage
netGryploglaphysie Ssdsioto lpratbd sersitive finformysion ghaslp instorage and in tran-
sit, amERS &fmelﬁﬁyat&we&sow @&mmﬂinsmrsfa% FRfcth RSt $HyGin

G i s S ek oot 0 e

workmém@eﬂassmwﬁbwbtqgﬂphnrrange to securely exchange the
secret key. Public-key cryptography, also referyed to

as Sesipiket evptogiephy. GlicarsiRrTed 18 8 RRNCHS ERYIESTEE kl@sr% the
same H&? té BRerigR \and decrypd irsaagée.CBVd yartied aishihgi th esclmhgeamesyges

must{émgy%lré rrseegusI e{ﬁhagg%ﬁgtsg cttf{%gng one key can only be

One of these keys is
t h%bﬁ&@é a%otrgférr@a EB:-‘ES is%ﬂﬁﬁ@ic 8¥ptdahshy, EE@ two

to encr nt en

enccypign Iﬂafék?ﬁ%me.k%% srp Ay TR e Gy O B e
encrypisi mging lope heybéancorte e dacry@gd using) thecytier dagy .y Ongeof these keys is
then FIBRERERLWHlIeURS B@le} 3% Frg[r privalee Tﬁ@%(uhlfméé if W¥ed RP&dchpe ax‘i»‘)ﬂxﬁes-

secyrely. exc an eSWI hout 1i r.st .hav,.n
soge IBiEEH LD I oty ato Ry C RS B HIEE UG R P sy e
sage daR on!s,dmﬂeErypteﬂ usimgrthe privaté key. Thes tvel phetiesofan sdearehy exchange
mess:}ggél wé)tgmﬁ ?ﬁ%r o %ttc!t1 @xéﬁ%ﬂg@@bécret lﬂé?' T edsBde GERE W@@Héﬁ/ is

e use The hol de

reaje a nat ur.e.
securgt is pq{glabfoz g};:]h@ 4959f t@gﬁn@tggqyeto X ekeymalns 5
oy SOy p o B P  RERE o bR Sfﬁijft?re%ev Biier of

the privatesiteiytcan ersateladaowindrash of @mewge @Irﬂeﬂl% PQFéYPt phpusing the
privatB ke, ql(lﬁ/okt?b’an%&hv R lthd & 1o Etbrfstiﬁﬁd’s ﬂliﬁé‘f:sﬁm&ré.’f}bf

en Uiy th
e ol b B Fen RSt AR i LB Y o e
encrypted hash using the public key and verifying the hash agamst e message. If the sig-
nature is appended to the message, then the recipient of the message can verify both that the
message is genuine and that it has not been altered in transit.

To make public-key cryptography work, there has to be a way to distribute public
keys which prevents impersonation. This is normally done using certificates and certificate
authorities. A certificate authority is a trusted third party which authenticates the connection
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printer or a specified printer. Every document sent to a printer via a page server is addressed
to a particular user and is signed by the publisher using the publisher’s private signature
key. The page server verifies, via the registration database, that the publisher is authorized
to deliver the publication to the specified user. The page server verifies the signature using
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transmidis QleeestnID. to the netpage registration server. The server generates a session key
for the printer and pen to use, and securely transmits the session key to the printer. It also
transmits a copy of the session key encrypted with the pen’s key-exchange key. The printer
stores the session key internally, indexed by the penID, and transmits the encrypted session
key to the pen. The pen stores the session key internally, indexed by the printer ID.
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In addition to its public ID, the pen contains a

secret key-exchange key. The key-exchange key is al so
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4.2 SET PAYMENTS

In the netpage system the netpage registration server acts as a proxy for the
netpage user (i.e. the cardholder) in SET payment transactions.
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When the user registers for e-commerce, a network account is established which

aggregates micro-payments. The user receives a statement on a regular basis, and can settle
any outstanding debit balance using the standard payment mechanism.

The network account can be extended to aggregate subscription fees for periodi-
cals, which would also otherwise be presented to the user in the form of individual state-

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

expected frequency of publication.
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The application’s certificate allows the page server to verify the message signa-
ture. The page server’s request to the registration server fails if the application ID and alias
ID don’t together identify a subscription 808.
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©

The page server then allocates document and page instance IDs and forwards the
page descriptions, including page IDs 50, to the printer. It includes the relevant set of multi-
cast channel names for the printer to listen to.
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page server 10b responsible for the document’s newly allocated 1D, together with the
requesting page server’s ID and the hyperlink request ID.




clicked hyperlink instance 862. The page server then
sends its own server ID 53, the hyper- link request
ID, and the link IDto the application. The
: appl i cation produces a response docunent according to
vapmloy/esasszon- speci fic 1 ogi ¢, and obtains a decriserbzdoisss
- 51 froman ID server 12. It then sends the docunent to
the page server 10b responsgble for the docunent's
newy allocated I D, together with the requesting page

Ser I
o TIPS ARt 10 Bt Wnin D o e

first pagesepverda g @“t‘ﬁ% CORATRQIIRALSE Pripgst 2 §2 é[b"ﬁlﬁi‘% g@ge('fﬁrver

rejectsithé eqtidzeif tid iyperiink gayuss hueéxpired obis o different application.
correspondi ng user ID.and printer ID 62. The first
pagBhssscond page eprver allorates dasymenstingtance laad hagodPh Sfceturns the

newl %ﬁé’&&!d $328 IBXR the dpSiicatién, a8ds e Gbrﬁf)l%fe%t:mﬁﬁﬁ kd BB Bata-

e server allocate ocunent i nstance and
baseﬁﬁﬁﬁt seads %?Ets?ﬁ%écqnt@m fy?l%ﬂSP%%J&tvéﬂ Iane 'Ds to

%Eﬁﬁﬂ& | na I{?n@g%grggg{ﬁﬁgﬂ age crl pt]:ntc‘)ﬂ]s&t/ggse

the ﬁtﬁﬁ BegesETHEE inchgespitie frrusactiopd RyirmessAge seﬁtstpéhw phgpjion. This
allowsthé bsificatione@nistbfish a treaacastspedfit Comibxt fomthethypdiligosstiva-
i the first page server includes the transaction ID in

. aon, . . . .

t he rressage sent to the application. This allows the

appirieAty 9%@&'&1& t1 'éai't?ss%'éé %&uﬁ&?%’b&e is set, then

- nt ext erl | a

the ) 589 SeRier F@&aﬁ?fgégsptt’s fid 462 typesnles eppliggondD 64 to the
registrgmpuiserwet’ llaﬁptobtaluuncﬂ juss theaiser IDheresponding it the peralebut also the
alias 91569 €brr&sp %ﬁ?}t e Eﬂﬁtcgﬁtfh IParfilen@ sk ther YdRRIES tH%l%hés ID in

Ilcatlon I'D.64, to t egi stration server
the mgtspg 8 §70tigdhs apelicatig, a&t@@tﬂ%ﬁ% ﬁF"é@Bé‘i’taﬁ jsh %“icﬁépeﬁ'%ﬁ con-
text fodhbhypedirdaactivetional i as | D 65 corresponding to the
application ID and the user ID. It includes the alias

IDin the nessage sent to the application, allow ng
5.3 t hdandwriting Rerogaition Betpeal a user - speC|f| c con- text

f orwhéiea tiéé\g @il::)érvdgtrﬁ((_)sét%ﬂe 'oﬁ%tﬂeﬁﬁﬁ% g«?tﬁ a 'p&% :t’%:k%en commum-
cates (R 1SS BEApaRscPT s, TR RO B RG Dot 2pge pen

the pager oke to t he nearest. netpage printer. The stroke
|dent|f|es t he page and a path on _the_page.
pr i e grintes & 9@@5@ fecéR ol pits ewnjnrigtes iR %ﬂmmgeﬂb ¥2and
strokd jrugh paepdd sbeln tlid usaklevggat h to the page server 10
in the usual way. The page server | oads the page

ded&eippgd serves laade titei page desosiptidned idagféfiadbythelpajetlBrand deter-

mmesmvﬁeﬁ inpat stemettw,tone |Isg "Ehy sthttz ﬁm&eﬁﬁmstts A ¥uminB8he relevant
e [r

S T R T A,

ink. the stroke to the text field' s digital ink.

After a period of inactivity in the zone of the text field, the page server sends the
pen ID and the pending strokes to the registration server 11 for interpretation. The registra-
tion server identifies the user corresponding to the pen, and uses the user’s accumulated
handwriting model 822 to interpret the strokes as handwritten text. Once it has converted
the strokes to text, the registration server returns the text to the requesting page server. The
page server appends the text to the text value of the text field.
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11. 6 NETPAGE PEN DESCRI PTI ON
6.1 PEN MECHANICS

Referring to Figures 8 and 9, the pen, generally designated by reference numeral
101, includes a housing 102 in the form of a plastics moulding having walls 103 defining an
interior space 104 for mounting the pen components. The pen top 105 is in operation rotat-
ably mounted at one end 106 of the housing 102. A semi-transparent cover 107 is secured to
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projects an infrared beam onto the surface and receives images onto the image sensor 132,
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Figure 10 isa %loc{ dlagram illustrating in more detail the architecture of the controller chip
134. Figure 10 also shows representations of the RF chip 133, the image sensor 132, the
tri~color status LED 116, the IR illumination LED 131, the IR force sensor LED 143, and
the force sensor photodiode 144.

Jl

The pen controller chip 134 includes a controlling processor 145. Bus 146 enables
the exchange of data between components of the controlier chip 134. Flash memory 147
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mounted in the normal plane of the pen 101 axis. The accelerometers 190 are shown in Fig-
ures 9 and 10 in ghost outline.

The provision of the accelerometers enables this embodiment of the pen 101 to
sense motion without reference to surface location tags, allowing the location tags to be
sampled at a lower rate. Each location tag ID can then identify an object of interest rather
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the life of the cartridge. The ink cartridge is a fully recyclable product with a capacity for
printing and gluing 3000 pages (1500 sheets).

Referring to Figure 12, the motorized media pick-up roller assembly 626 pushes
the top sheet directly from the media tray past a paper sensor on the first print engine 602
into the duplexed Memjet™ printhead assembly. The two Memjet™ print engines 602 and
603 are mounted in an opposing in-line sequential configuration along the straight paper
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The controlling processor handles communication with the network 19 and with

local wireless netpage pens 101, senses the help button 617, controls the user interface
LEDs 613-616, and feeds and synchronizes the RIP DSPs 757 and print engine controllers
760. It consists of a medium-performance general-purpose microprocessor. The controlling
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The printer controller optionally incorporates an Infrared Data Association (IrDA)
interface for receiving data “squirted” from devices such as netpage cameras. In an alterna-



ory 658 and the 2x256Moit (64MB) DRAM 657 is al so
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printhead 350. '

The print engine controller 360 operates in a double buffered manner. While one
page is loaded into DRAM 769 via the high speed serial interface 659, the previously
loaded page is read from DRAM 769 and passed through the print engine controller pipe-
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The print engine controller 760 contains a | ow speed
processor 772 for synchro- nizing the page expansion
and rendering pipeline, configuring the printhead 350
via a |owspeed serial bus 773, and controlling the
stepper notors 675, 676. In the 8%" versions of the
net page printer, the two print engines each prints 30
Letter pages per minute alggg the |Iong di nension of
°the page (11 "), giving a line rate of 8.8 kHz at
1600 dpi. In the 12" versions of the netpage printer,
CLABASWO print engines each prints 45 Letter pages per
m nute al ong the short dinension of the page (8 %),
giving a line rate of 10.2 kHz. These line rates are
mell p
Topri nés Shade MR rBRFaEh R e ARl RS ol GBS E Tein or
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rewﬁn@hé At ét!a&tl %V%E-hté?n of AdtRRRAMSINMcET dfntHERNyout,

her forns. M5 1. A surface having
wlmereiﬂ ne- readabl e coded data di sposed therein or

h .
Si x. 1BF FPER0 R PR it R YR Sy T Y gt e

coded iddeat EShdwardb- ﬂh@ymﬁémkﬁdeat(%flrﬂmﬁ atr eaa)étuﬂmcamsn data
apart about a center of rotational r of the

ingigative of arresdiion ofnibec eyt PR %’@dt @ &g@ipn of the
SLﬁ’ﬁa%e ﬁgut i ncl udes at | east one coded data codeword,
€ ewords defining at |east |ocation data
i ndi Qaélatee@ét mepmdéd atatafcodesvdrdyiocltidedtin erach sub- !ayout

AR i SO BRI T B o
thgf’%@'lé&ﬁ)lu? '?f‘b‘f’lﬁi(ﬂﬁé’ rb@kighi &atl i@géﬁéﬁé Qﬂh&a&%-ﬁi@ht within the

I St shes the rotation of that sub-layout from
laydnd. rot ati on of at |east one other sub-layout within

the layout. 2. A surface according to claim1,

wherei n the enbedded rotation- indicating data

2.di stigguirfzildesaddtrdii n?t & icimofl, t\M@@Hbel@}@hbt%(ﬂd@infﬁlOW
rotation of each of the other sub- | ayouts within t

ingiggting data distisguishes ta@d@tcacwpﬁgofttbe&t& layeubrog) B’}em’Ojation
of de! ?ledfrfhé B%qu;%%qa?@ﬁt@ \Mﬁun %}‘?éj!ﬂ]{‘aﬁ{‘t |y encoded. 4. A

sur ace accor erein the coded data

3. A surface according to claim 1 or claim 2, wherein the coded data is

redundantly encoded.

4. A surface according to claim 3, wherein the coded data is

redundantly encoded using a Reed-Solomon encoding.

5. A surface according to claim 1, wherein each sub-layout defines a
plurality of positions of data elements, the sub-layouts being interleaved with

each other without any two data elements overlapping each other.
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redundant |y encoded usi ng a Reed- Sol onon encodi ng. 5.
A surface according to claiml1l, wherein each
sub-layout defines a plurality of positions of data
el enents, the sub-layouts being interleaved with each
ot her wi thout any two data el enents overl appi ng each
ot her. NPT022 0 70 6. A surface according to claiml,
wherein the layout is repegtped on the surface. 7. A
*surface according to claim6, wherein the |ayouts are
packed together on the surface. 8. A surface
according to claiml1l, wherein the |ayout is hexagonal.
9. A surface according to claiml, .jncluding one,o
Bior e A gMHace PESPTHING 1O ¢18IM dn XHErHE tb? YOt %F%Peateé on the
i@t ion and rotation of the layout to be detern ned
%y a machi ne used to read the coded data. 10. A
surface according to claim9, wherein the target

features are configured to enable perspectiv

7 corr et SHIRS aPﬂ%rdH%dé?i %%%%;fwbﬁree?n otﬁg %X%t,% PIg fgeked
1R FPMeQifitet he machine. 11. A surface according

to

claim 10, including at |east four of the target
features. 12. A surface according to any one of clains

o0 A R AP e B B gpgona

shared by at |east two of the layouts. 13. A surface

according to claim1, the coded data bein rint edf
9ont o Alseifaseacaerling i Claing r incdeding @&eowgo leg] fpptures
i i
fof Gmel5 BB REEoA TR, Ichaftil Bf Fft 1298Getq BE determined
by avhactihe useddo reacktregeodddPda22 0 71  unai ded human
eye. 15. A surface according to claim14, wherein the
ink is an infrared ink that is substantially

hnvi spb GBI RYS B dpdwner®iA BXetarbt féatures are
12'urfa%eé§-(f:%:<%r %leﬁg togacl aim1, wherein the c%ded dat a

carffigeaeth tol ayahle parspedtiveagouecieT iofdbeuerdedigiata of Ahepor

eg rlfl%lce au%%%rr%hgﬁlgtboy t%lea%rara;{.iﬁe_ wherein the user data

11. A surface according to claim 10, including at least four of the target
features.
12. A surface according to any one of claims 8 to 10, including a pluraﬁity

of the layouts, wherein at least some of the target features are shared by at

least two of the layouts.

13. A surface according to claim 1, the coded data being printed onto the
surface.
14. A surface according to claim 13, wherein the coded data is printed

onto the surface in ink that is of low-visibility or is invisible to an average
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identification data identifying a region of the
surface within which the layout is disposed. 18. A
surface according to claim16 or 17, wherein the user
data includes function data identifying a function to
be perforned upon reading of the |layout pattern or
sub-pattern by the machine. 19. A surface according to
claim1, wherein at |east sgne of the coded data is
°not disposed in the sub-layouts. 20. A surface
according to claim1, the surface being flat or
ufsitE8humatleyé) surface according to claim1, further
i ncludi ng visible markings. 22. A surface according to
claim 21, wherein the visible markings include any

ne o o) - | Qui ng: i 1:6San i i
Pimmgen; Sebe Roco Rl g . ptrain HERRR E2an, infrared ink
thaBis Aubsatahtadly iavisibiadionan tieerigai unaided hheeeiayet he

vi sible marking are disposed adjacent to, or

coincident with, at |east some of the coded data. 24.
sur cakrg 1, irStid 2e8efedatE of each

1@efi négﬁgg/ﬁ'g\e gé%@?ﬁa&e@%@%%ﬁ%@gﬁg{ according to

laybat on 24h-layoet detinasheseyulsdar ate i s paper, card or

anot her |am nar nedium 26. A surface according to

claim1, configured for use as an interface surface

17or enaklng We&Hrdiry & agdiPnewiieraine enpuiser .dadd .indudes
nmet hod of generating an interface surface, includin

identficatipsdate: identdfyimova regionpfdhpsuriese withia whigh she Tayout

. generatj ng machi ne-readabl e coded data i ncorporating

|s?tﬁ%p%e data, in accordance with claim16; and
printing the coded data onto a substrate. 28. A nethod

according to claim?27, further .including the step of
18r i nt Angurfagesiascerdiag kien§aingn 18ner sﬁgsw gf&n the"Diser data

includes function data identifying a function to be performed upon reading of

the layout pattern or sub-pattern by the machine.

19. A surface according to claim 1, wherein at least some of the coded

data is not disposed in the sub-fayouts.

20. A surface according to claim 1, the surface being flat or curved.
21. A surface according to claim 1, further including visible markings.
22. A surface according to claim 21, wherein the visible markings include

any one or more of the following:
text;
graphics;
images;

forms;



29. A nethod according to claim28, wherein the coded
data and visible markings are printed onto the
substrate substantially sinmultaneously. 30. A nethod
of using a sensing device to read machi ne-readabl e
coded data according to any one of clainms 1 to 19,
the nmethod including the steps N PT022 0 73 of: (a)
readi ng, using the sensingygevice, the coded data of
®the layout; (b) decoding the coded data of at |east
one of the sub-layouts of the I|ayout, thereby
det erfjd|dd: ghgat | east the enbedded rotation-indicating
data of that sub-layout; and (c) using the
r ot atbWiPrisndi cating data to deternmine a rotational
position of at |east one of the remaining sub-|ayouts
to be decoded. 31. A nethod according to claim 30,
28her ehswsfaep dortingl tdemimh21, shbkstiepheotisible mearkimg are

the substrate to generate an i e t hereof:
digpecedsadiagentie. Ph%@@cwdsﬂt withe & o %?m‘?n??&‘et ¢odsst data.
features of the coded data; and on the basis of the

| ocated target features, determning a position of at
24 eastAoswefaze aheordiny ftayaaits. 1, NheTeudace being defined by a

substrate.

25. A surface according to claim 24, wherein the substrate is paper, card

or another laminar medium.

26. A surface according to claim 1, configured for use as an interface

surface for enabling user interaction with a computer.

27. A method of generating an interface surface, including the steps of;
receiving, in a printer, user data;
generating machine-readable coded data incorporating the user
data, in accordance with claim 16; and

printing the coded data onto a substrate.

28. A method according to claim 27, further including the step of printing

visible markings on the substrate.

29. A method according to claim 28, wherein the coded data and visible

markings are printed onto the substrate substantially simultaneously.

30. A method of using a sensing device to read machine-readable coded

data according to any one of claims 1 to 19, the method including the steps
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of:
(@) reading, using the sensing device, the coded data of the layout;
(b) decoding the coded data of at least one of the sub-layouts of the

layout, thereby determining at least the embedded rotation-indicating data of

that sub-layout; and
(c) using the rotation-indicating data to determine a rotational position of

at least one of the remaining sub-layouts to be decoded.

31. A method according to claim 30, wherein step (a) includes the
substeps of:
imaging the substrate to generate an image thereof;
processing the image to locate one or more target features of the
coded data; and
on the basis of the located target features, determining a position of

at least one of the sub-layouts.



