NPS027 -1 SENSI NG DEVI CE 20 MAY 2005 FI ELD OF | NVENTI ON The present

invention relates to a sensing device for capturing informati g@ﬁ@g%ﬁ%
freehand apgepsyticularly, but not exclusively, to a sensing I“ch
can capture grawi ng or 5 witing information applied freehand by a user to

a surface. The invention has been devel Qqed"prq marily to allow a | arge
nunber of distributed users to interact with networked information and
applications via printed matter and hand-hel d optical sensors, thereby to
obtain interactive printed matter , d..via hi gh-speed networked col or
printers. Al though the invention w%rﬁ"%?‘g&&éﬁ‘ﬂc%e described herein with
reference to this use, it wll 10 be appreciated that the invention is not
thereby Ii FELEHOF BY/IFRKISNG APPLI CATI ONS Vari ous met hods, systens and
apparatus rel ati Mye tppestheinPn€is® MélateN WL B tsbihedKicdi fBL 'cﬁiﬁtﬁglgi iBrorthdtn 4 éﬁeﬂw ng

co- pendi ng.appl j cati ons/ granted patents filed by the applicant or assignee
of The" praEBRid FRbarER bl o Kot BRbereInso axsmins deviee which can capture draving o
1509/ 72%, 89htif}OihH2hatR94 ﬂ&ld?x%@ha%@ﬂya@s%{%%]suﬁ%@z 09/ 722, 148, 09/ 722, 146,
091721, 861, 6, 741, 871, 09})722, 171, 09/721, 858,09/ 722, 142,09/ 722, 087,

09/ 722, 141, 09/ 72%hd #Sedh 1dLbektt feveRPOPhIRAil th2utBY o SAbaS
09/ 721, 862, 6, 530, 339, 6, 631, 897, ?ﬁg)gdi ércl_os_}ljjroes_ e ‘5‘%%3%2%%%?%3’8“5&5
appl i cat i off<MErast Wit Betiyerkad étformatien andppplisatiens-vis pfigedmatter aB® YardHeldsoptical
met hods,  SyEicRITEheids tBRBAIA ISk BiktOmber IS REES G hI%EeRt ion are
di sclosed in the follow ng cp-%énd?’?\g app ?rcogtc}eglﬁg(fglraéu et eegalfeg‘?ﬁotrgedf‘iofoéd by
the appl i céfferyrldgughghe mvertion el pargetiebe ddseribed hérein voith ©ftaabern 1RO nse2A6AN
09/ 6931d15; 6934 212mOAVE3R . 515, 09/693, 705, 09/ 693, 647,
3009/ 693, 696&9811069/ 693, 593, g, 472%%%&?19%%2%?%70, 6, 724, 374, 09/ 696, 514,
6, 454, 482, 091693, 704, 6, 527,3 65, 6,474,773, 6,550,997

CO-PENDING APPLICATIONS ‘

Various methods, systems and apparatus relating to the present invention are disclosed in

the following co-pending applications/granted patents filed by the applicant or assignee of the

present invention on November 25, 2000:

15 09/721,895, 09/721,894, 09/722,174,
09/721,896, 09/722,148, 09/722,146,
09/721,861, 6,741,871, 09/722,171,
09/721,858, 09/722,142, 09/722,087,
09/722,141, 09/722,175, 09/722,147,

20 09/722,172, 09/721,893, 09/722,088,

-09/721,862, 6,530,339, 6,631,897,

The disclosures of these co-pending applications are incorporated herein by cross-

reference.

25 Various methods, systems and apparatus relating to the present invention are disclosed in
the following co-pending applications/granted patents filed by the applicant or assignee of the

present invention on October 20, 2000:

09/693,415, 09/693,219, 09/693,280,
09/693,515, 09/693,705, 09/693,647,
30 09/693,690, 09/693,593, 6,474,888,
6,627,870, 6,724,374, 09/696,514,
6,454,482, 09/693,704, 6,527,365,
6,474,773, 6,550,997
35 The disclosures of these co-pending applications are incorporated herein by cross-

reference.




35The di scl osures of these co-pending applications are incorporated herein
by cross- reference. 20 MAY 2005 N PS027 -2-0 Various net hods MAY énd
appar at us rl\gj H ng to the present invention are disclosed in ?He f'ol'T oW ng
co- pendi ng 5’“@ cations/granted patents filed by the applicant or assignee
of the present invention on Septenber 15,, 2000: 6, 679,420, 09/669, 599,
09/.663, 701, 6, 720,985 5The di scl osures of“1hese co-pendi ng applications are
i ncor porat ed herein, by cgoss- reference. Various nethods, systens and
apparatus rel ati ﬁ‘éﬁr’t"ﬂs Pefaodsy slems andapartiroislagpretodhespssrtdavention dredisddskdini ng
co- pendi ng tappilbwaki GPeAGH idacRAl/SaSd bhbRd rRY Lgant lanee
of the present | nvgntfp(%)n o%gﬁjﬁn% 30;51%200%: I ﬂy%ﬁ%ﬁlcarﬁa{ﬂ gsﬁéneé%?ﬂ%
1009/ 609, 12F5@9/5e/100 P0 Septgisr 454081/ 607, 852, 09/ 607, 656,

6, 766, 942, @65, 303 (0RE£534, 099948 /19, 5 607, 843,

09/ 607, 605, 09/'608, 178, 091609, 553, 09}7}209, g’g%@%%/ 609, 149,

09/ 608, §22, 09/ 60 L hgadiscirsusy of 3Beso FGOBIIRD BpIRdtBAT aQ8Hcorporated herein by cross-

6, 398, 332, 6139573, 6, 622, 923 15Thedi scl osures of these co-pending
applications are incorporated herein by cross- reference. Various nethods,
systens and app td th resent inyention.are, discl.osed in
the foll owi ng cgag{)aﬁa?{?gddgfp %1‘%1&% r}doaﬁg?rgt?%ﬁe o8 %)Oa%‘é Riceen} f“l‘“é’ﬁloﬂﬁmtcl\%’?osed n
appl i cant 8r falevigaee-pofditgheppiicativavigraital pnéntofiled by ABe Maplic2R P ‘assignee of the
2009/ 575, 1 5:091575 159, 09/ 575, 132,

09/ 575, 123%5‘“‘?‘2‘?%‘?“%2%,8’6&‘8%@,2?8%, 09/ 575, 165,

09/ 575,1053 09/60%13, 118, 0NWBB,9%6,1, 09/ H&FS1IG, 09/607,852,  09/607,656,
09/ 575, 1446066,925, 139, 00%BB,3086, 6, 68D/604.595, 09/609,596,  09/607,843,
6, 728, 000, 0Y6BI@5145, 09/ BT@S192, 0915 18/608 353, 09/609,233,  09/609,149,

2509/ 575, 1936@N2875, 183, @206.884,160, 09 457384,50, 09/608,920,  09/607,985,

09/ 575, 1696,89%382, 642, 6, SON4HVE, 6, 622,6329, 983 669, 3

85, 6, 5@%, 935, 09/ 575, %§7 6,727,996, 6,591, 884, 6, 439, 706, 6, 760, 119, 9/ 575, 198,
6, 290, 349 6, 428, 155, 1%%}(@&]@? 8 gs?aoi)?%i,mg applications are incorporated herein by cross-

3009/ 575, 1&&ree.737, 591, 09/ 575, 154, 09/ 575, 129,

Various methods, systems and apparatus relating to the present invention are disclosed in
the following co-pending applications/granted patents filed by the applicant or assignee of the
present invention on 23 May 2000:

20 09/575,197, 09/575,195, 09/575,159, 09/575,132,
09/575,123, 09/575,148, 09/575,130, 09/575,165,
09/575,153, 09/575,118, 09/575,131, 09/575,118,
09/575,144, 09/575,139, 09/575,186, 6,681,045,
6,728,000, 09/575,145, 09/575,192, 09/575,181,

25 09/575,193, 09/575,183, 09/575,160, 09/575,150,
09/575,169, 6,644,642, 6,502,614, 6,622,999
6,669,385, 6,549,935, 09/575,187, 6,727,996,
6,591,884, 6,439,706, 6,760,119, 9/575,198,
6,290,349, 6,428,155, 6,785,016, 09/575,174,

30 09/575,163, 6,737,591, 09/575,154, 09/575,129,
09/575,124, 09/575,188 09/575,189, 09/575,162,
09/575,172, 09/575,170, 09/575,171, 09/575,161,
6,428,133, 6,526,658, 6,315,399, 6,338,548,
6,540,319, 6,328,431, 6,328,425, 09/575,127,

35 6,383,833, 6,464,332, . 6,390,591, 09/575,152,
6,328,417, 6,409,323, 6,281,912, 6,604,810,
6,318,920, 6,488,422, 09/575,108, 09/575,109,
09/575,110

40 The disclosures of these co-pending applications are incorporated herein by cross-

reference.




09/ 575, 124, 09/ 575, 18809/ 575, 189, 09/ 575, 162,

09/ 575, 172, 09/ 575, 170, 09/ 575, 171, 09/ 575, 161,

6, 428, 133,Mpdp2p, 658, 6, 315, 399, 6, 338, 548, 20 MAY 2005

6, 540, 319, 6, 328, 431, 6, 328, 425, 09/ 575, 127,

356, 383, 833, 6, 464, 332, 6, 390, 591, 09/ 575,1%2,

6, 328, 417, 6, 409, 323, 6, 281, 912, 6, 604, 810,

6, 318, 920, 6, 488, 422, 09/ 575, 108, 09/ 575, 109, 09/575, 110 40The di scl osures of
t hese co- EAckagOUND | cations are incorporated herein by cross- reference.

NPS027 3 20 MAY 2005 BACK ND Present]y., .user of conput er syst.em
ypi cal y i nter AarEni AT AL SRk A ey RghERes S he apT ageg onicn

i nf ormat i dor dispthyingkiefpboaiod afd 8 keboard uedorf Beusé R Udduiting infofeiticm tWoilst sidhiah St
such an i.nterface is.powerful, it is relatively hulky and non-portable.
it or mat i OReie A eangs® dmer v it a0 Galbutlel ol er BB e

L haB [ rﬁd Oreagidri to el Siall myre hoaribla tiua Hﬂﬁfﬂtﬁo{fﬂlﬁlﬁph?id OIHQV&BMglﬁtrr BBhitk EHSwever,
eyboard or nouse, a pen on paper genera a the ability to interact
with conpdflea KSPedPE mobss eekn py Parer &fﬁle@ﬁy ek e apﬁ& BriRE@ht Vith RSN t o
conbi ne ady@mwirages of pen on paper and 10 conputer systens. SUWARY OF

| NVENTI ON The present invention relates to a sensing device for sensing

region identity data and generating novenent data when the sensing device
is noved rgBJECVe to a region of a surface, the region identity data being

i ndi cative of angi ' lon. the '

i ndi cative of tﬁ(ta 1%@%%%&%}1 é? eesgnggfrl]‘gptrl]ogn e%@gﬁpﬁlqg%t%%%{“ 294 ﬁg p%éeéiag%,

t he sutdf acemhuterspgerdi.sposed upon it coded data indicative of at |east one
regi on associated with the surface, the sensing device including: region
identity sensing nmeans configured to sense the region identity data using
at | east SiHiM QRINVENEONJat a; 20 notion sensing means configured to

generate the novEmERtsetitidintiam glAMILN btsihg ABScdRAREsHE HdigH destity @ata and
comuni cate the region identity data and the rTgveI'rrpnt data to a conputer

syst em generating movement data when the sensing device 1s moved relative to a region of a surface, the

region identity data being indicative of an identity of the region, the movement data being

15  indicative of the movement of the sensing device relative to the region, the surface having disposed

upon it coded data indicative of at least one region associated with the surface, the sensing device

including:
region identity sensing means configured to sense the region identity data using at least
some of the coded data;

20 motion sensing means configured to generate the movement data; and

communications means configured to communicate the region identity data and the

movement data to a computer system.

Preferably, the motion sensing means is configured to generate the movement data using

at Yeast some of the coded data.

25 More preferably, the coded data is also indicative of a plurality of reference points of the
region, the motion sensing means being configured to generate the movement data on the basis of

the sensing device’s movement relative to at least one of the reference points.

In an alternative embodiment, the coded data includes periodic elements, the motion
30  sensing means being configured to generate the movement data on the basis of the sensing device’s

movement relative to at feast one of the periodic elements.



Preferably, the notion sensing neans is configured to generate the novenent
data using at |east sonme of the coded data. 25 More preferabby.maledgded
data i s alnegopndi cative of a plurality of reference points of the region,
the notion sensing neans being configured to generate the novenent data on
the basis of the sensing device's novenkent relative to at | east one of the
reference points. In an alternative enbodi nent, the coded data includes
periodic el ements.a iR BRbdddient 3e HENHADsHBANSRE iR BIEOR idaSWn€ dedeRration
generate the novenment data on the basis of the sensing device's novenent
rel ative SEsHE MeRst the feceiatioResepdny 8¢t klingnponfigured tpsepy acoplepgionyef tHhe o5
In a furtRefingriagEl TRts moli ARYEIRhe SERRE @é@i&ﬁ?ﬁ{éﬁnéﬁ&w%ﬁsi@ mé5@8LinP"e
accel eration "sensing neans, the accel eration sensing nmeans be€i ng

conf i gur egonfigursd fe gengratedhemereinght dgfa by periodieat]y sameplide the @ecelpsation. | s noved
relative to the surface region, the novenent sensing neans being

configfred to gdifaueseandhedvamssaspeait thaatr@ﬁe@iyinﬁ@ﬁioodwﬁlab@yms appiremigfrerh ethe
accel erati - : £ i,n ' i
become ap§§9?ﬁﬁggggﬁ %ﬁgf%?%P@gﬁﬁﬁgﬁgggtgfﬁ% %ﬁg%' éﬁ%%%iﬁ@ﬁ%?ggﬁer%dz? by
way of exasgempanyiigdrawipgsh ref erence to the acconpanying draw ngs. N PS027
-5 20 MAY 2005 BRI EF DESCRI PTI ON OF DRAW NGS Preferred and ot her

enbodi ments of the invention will now be described, by way of non- limting
exanple only, with reference to the acconpanyi ng drawi ngs, in which:.Figure
1 is a schematic of a the relationship between a sanple printed netpage and
its online page 5 description; Figure 2 is a schematic view of a
interaction between a netpage pen, a netpage printer, a netpage page
server, and a netpage application server; Figure 3 illustrates a collection
of netpage servers and printers interconnected via a network; Figure 4 is a
schematic view of a high-level structure of a printed netpage and its
online page 10 description; Figure 5 a is a plan view showing a structure
of a netpage tag; Figure 5b is a plan view showing a rel ationship between a
set of the tags shown in Figure 5a and a field of view of a netpage
sensing device in the formof a netpage pen; Figure 6a is a plan view
showi ng an alternative structure of a netpage tag;




15 Figure 6b is a plan view show ng a rel ationship between a set of the
tags shown in Figure 6a and a field of view of a netpage sensyigaderjgse | N
t he form gfpsasnet page pen; Figure 6¢ is a plan view showi ng an arrangenent
of nine of the tags shown in Figure 6a where targets are shared between
adj acent tags; Figure 6d is a plan viewshow ng the interleaving and
rotation of the synbols of the four codewords 20 of the tag shown in
Figure 6a; Figure 7 is a flowhart of a tag inmge processing and decodi ng
al gorit hMBﬁEElUES(ﬂRIPﬁ‘l@NWESﬂ@RMNGS view of a netpage pen and its

associ at ed tag- %’er}srrergiganfl oﬁler errcl)bod}/rﬁ %W 0(%?119, 1h f oﬁwﬁ@‘:o%l:l%es Fcr%e%%?%vc non—

expl oded vi ew of TR own i'n gure

schemat i c linlitgkexdinplg oaly) m‘th qumne to(lh‘ﬁercoéﬂ'qﬂlhylﬁgdratvh@s rmetVbﬁJj;e pen shown in
Figures 8 25 and 9; Figure 11 is a perspective view of a wall-nounted

net page prHiguret js Fchemaicb? aitle raladaschip datwebr o sgipld printddemrgiae afd itshmlimepggage
printer ofd Fieigure 11; Figure 12a is an enlarged portion of Figure 12

showi ng a “§EEPYYR of the dupl exed print engines and glue wheel assenbly; N
PS027 -6 200 ur.e a detailed view of the ink cartridge,

ok a v TG et PR Vit Ob I ReRG bRE R TR PR e eR et et

Fi gur es 1lagn@rvie ande GHiFa@e dpplitAioa seedienmat i ¢ bl ock di agram of a printer
controller for the netpage printer shown in Figures 11 and 12; 5 Figure 15
IS a schermidure3 Blustedesdicaligcton Sfnetpagd e apd prititere gre@n&MAtvind dedh&kand

Menj et TM printheads associated with the printer controller shown in Figure
14; Fi gur é‘igilﬁe kds a ssieharf@liee &l Obigh-tivalgitaniuaf oft priéd MtpaRd Ghd ets Galie Sigk er
shown {'H"\I/l %ures 14 and 15; Figure 17 is a perspective view of a single
Menj et HPI% eI errent as used in, for exanple, the netpage printer of

Figures 1 e 18 is ective view of a small part of an
array of %éﬁ‘r‘fee% g’ﬁbo‘%‘fl%ﬁétﬁ{"g“g‘?—f{ag%?pé £'8%i s a serl es of perspectl ve
views illystra atln the Me rinti el e

shown in FF %b‘igpli g&ﬁ)\? oStreide Rieadeeron S PP 5 Bosfior Flughentoof a

pagewi dt h ﬂUElrﬂfQIeWﬂaﬁlbﬂﬂhé’é&aﬁing devigin@hefbmh Sf PncgaBepamt i C vi ew of a user
class diagram 15 Figure 22 is a schematic view of a printer class diagram

Fi gure 23 Figire6aSic hplaRbie® sibveing af alRrafve Sluaa® ofh agp@Rtagti gure 24 is a
schematic view of an application class diagram
15 Figure 6b is a plan view showing a relationship between a set of the tags shown in Figure 6a and a

field of view of a netpage sensing device in the form of a netpage pen;

Figure 6¢ is a plan view showing an arrangement of nine of the tags shown in Figure 6a where

targets are shared between adjacent fags;

Figure 6d is a plan view showing the interleaving and rotation of the symbols of the four codewords

20  of the tag shown in Figure 6a;
Figure 7 is a flowchart of a tag image processing and decoding algorithm;
Figure 8 is a perspective view of a netpage pen and its associated tag-sensing field-of-view cone;
Figure 9 is a perspective exploded view of the netpage pen shown in Figure 8;

Figure 10 is a schematic block diagram of a pen controller for the netpage pen shown in Figures 8
25 and9;

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 25 is a schematic view of a docunment and page description class
diagram Figure 26 is a schematic view of a docunent and paggocmﬂ?rfdiwp

cl ass di agymmmp7 20 Figure 27 is a schematic view of a term na ment
speci alization class diagram Figure 28 is a schematic view of a static

el ement specialization class diagram JHgure 29 is a schematic view of a
hyperlink el ement class diagram Figure 30 is a schematic view of a

hyperli nk pgleaments aS@e%&k@blezvasﬂtQ@lnﬁlcmgél BRI And ghileWAlg, Ad prifit ShgRfeSRLI C
view of a hyperlinked group class diagram 25 Figure 32 is a schematic view
of a for mngiPagesPriien g Hgyres E‘lf’gdﬂé 33 is a SChEITB.tI c view of a digital ink
class diagram Figure 34 is a schematic view of a field el enent

speci al i zat3uwh 14 isax schginaer Blagk dimgram o azprintar gorgrodlen Bydlhd eetragewrieer sowndekbox
field claggygiaghnagi,,NPS027 -7- Figure 36 is a schematic view of a text
field class di agram Figure 37 is a schematic view of a signature field

cl ass a u i it hm
Fi gurec%l38g:r1§][iré gtgl aﬁ%gﬁatg I %@Ez g{ F.Q }ggbgg%plég{eggﬁm @Rﬁ ?‘fn%%ﬁﬁgraﬁ go“?&%?{gure
38; 5 Fi guriethgslsassociatsd wantheipcnter @wtrolfer shopaige Fgerevidr conmand el enent cl ass
diagram Figure 40 is a schematic view of a resource description class

di agram Figpoe & i4 4 sthematicsld brdsretgraon ofi teaprof exgirfearontralkeesholvi $it Fighraskt abidd gy am
Figure 42 is a schematic view of a history list class diagram Figure 43
is a scherFa?guiresl’Misewemﬁeca'vesﬂbs of & pitigle Medgdt Mg inying eledhac ods jusédln Hogexampdihe S a
schematic v ew ofta ﬁe)/ 10r}k 1éfequest class diagram Figure 45 is a
schenmat i cn\‘? S g‘ﬂ ctivation protocol; Figure 46 is a

sche c.vie a form subm ssio r of ocol Figure 47.is a schematic

o o of 5 Rl € Brrsotier provod bt of et ar st gﬂgtewee#ﬁéw@ View of a
pen optlcal path 15 Fiqure 49 is a flowhart of a stroke ca

al gor i t hmY&H9? BiagaHes Og@e*ﬁgecaves‘e%ﬁwreﬂ% Bgoprratingcydle af Ge J?tn“kpreﬂtlass

di agram 2@nindfRm Mk PS0R7 -8 20 MAY 2005 DETAI LED DESCRI PTI ON OF
PREFERRED AND OTHER EMBODI MENTS Not e: MenjetTMis a trade mark of

Si'l ver br ogkg ResEigh pbsRdvelsily ofAURb &ohRnt of a pagewidth Memjet™ printhead;

Figure 21 is a schematic view of a user class diagram,
15  Figure 22 is a schematic view of a printer class diagram;
Figure 23 is a schematic view of a pen class diagram;
Figure 24 is a schematic view of an application class diagram;
Figure 25 is a schematic view of a document and page description class diagram;
Figure 26 is a schematic view of a document and page ownership class diagram;
20  Figure 27 is a schematic view of a terminal element specialization class diagram;
Figure 28 is a schematic view of a static element specialization class diagram;
Figure 29 is a schematic view of a hyperlink element class diagram;
Figure 30 is a schematic view of a hyperlink element specialization class diagram;
Figure 31 is a schematic view of a hyperlinked group class diagram;
25  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 diagram;

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



In the preferred enbodinent, the invention is configured to work with the
net page networked conmputer system a detailed overview of whhghgAoldgess-
It will beymppreciated that not 5 every inplenmentation will necessarily
enbody all or even nost of the specific details and extensions di scussed
below in relation to the basic system -However, the systemis described in
its nost conplete formto reduce the need for external reference when

at t enpt i nridyPe 3JQEHeARSE LR of LRI c1dsDaiwbthah the preferred enbodi ments
and aspects of the present invention operate. In brief sumary, the

pref er r ed HigkdR70f 2 kOBmARL RAVEE SHSRI GIPLAN SiBrafPMPUt €r interface 10 in
the formof a nmapped surface, that is, a physical surface which contains

ref erencegidype M FBRAoRENINE S HbhiGr &R RIRlMMGL 1N a conputer system The map
references can be queried by an appropriate sensing device. Dependi ng upon

the speci frigrd TRREIEMiIRY FORehak Ve oftBRplc8 IR TR WERS JTRYpuREssencoded  visibly or
invisibly, and defined in such a way that a |local query on the mapped

surface Yirgh#S3038 o seRATR QHUPHS: SR sdrit B5iRaR Rt Mt Biaftalh® Map and anong
di fferent maps. The conputer system 15 can contain | nformation about

features @iy (e TRRACHGUWISREE: re@the IUCHfdR RETBEA AR, Can be retrieved
based on map references supplied by a sensing device used with the nmapped

surface. Higire 41NE QLIRMLAViLES: Fa%rftés%‘é?rﬁas@@ﬁgrtaﬁke the formof actions which
are initiated by the conputer system on behalf of the operator in response

to the OPGHALOL? i§ aisc!hfeﬁﬁt?&tié@{?fé’ﬁi&t&yﬁi@@cla%k‘&iﬁ@rﬁrﬁ; features. In its preferred
form the netpage systemrelies on"the production of, and human 20

interacti @y 43 2 BQLRAUETew Jﬁes%scﬁgﬁon%ﬁ@e?y EJotoTc@LXt, graphi cs and i mages
printed on ordinary paper, but which work 11ke interactive web pages.

I nf or e | QiS40 G QIERAQNi8RA6H: IRRORNURLIG: IRk slilamh IS substantially
i nvisible to the unai ded human éye. The i nk, however, and thereby the coded

data, can Fi%ﬁ%%@ﬁ%eﬁ)&i@kv@@ﬁl@%rlﬁﬂkLc@i@ﬂioﬂ%rcﬁ@d%l;and transmitted to the
net page system Substrates other than paper nmay be used. The encoded

i nf or mat i @inikdud B8 seeRhR iRH o SIBAM LiTRALioh rdfol; Nf rared absorptive 25 ink
and so an infrared sensitive optical sensor nmay be used. |If desired other

vavel engt hgzpBy7 iBg schem@sk Bw SeNShdsRApIhGVaRiRbiner than optical sensing;
one alternative is to use magnetic inks and sensors. In the preferred

form actipygirda it Q8RR IWPEId JeRlbpi@lpMach page can be clicked with the
pen to request information fromthe network or to signal preferences to a

net Wortg Sefigted 49 ik B 10NEhaR Of & SRALICARAL algh@lh; Wdi tten by hand on a netpage is
automatically recogni zed and converte§ to conputer text in the netpage

system alp; Qv §i0s h X¥HeRaddifeof d talv@tithNnk $BssAfBRm. €nbodi ment's,  signatures
recorded on a netpage are automatically verified, allow ng e-comerce
transactions to be securely authorized. NPS027 -9 20 MAY 2005 As
illustrated in Figure 1, a printed netpage 1 can represent a interactive
form whi ch can




be filled in by the user both physically, on the printed page, and

"electronically", via connunlcatlon between the pen and the BERWRAYS005
system Th@@@gﬁnple shows a "Request” form containing name and address
fields and a submt button. The net page consists of graphic data 2 5
printed using visible ink, and coded datg-3 printed as a collection of tags
4 using invisible ink. The correspondi ng page description 5, stored on the
net page network, describes the individual elements of the netpage. In

Pﬁ[te Ir gglt ?\r/neEﬁAédeewémﬂptri@NbHOPREPéRREQtAnbt@PﬁmEWGmﬁEW eaCPO Al ow
t he netpage syst t%én&’ cattw Pﬁ‘?‘ﬂt}éﬁéﬁr& lﬁ%ﬁ?”&?%w?ﬁcgﬁﬂgﬁbﬁge The

submt button 6, one 7.which orre ponds t.o0

Soar &l ot on Cap' B g% ?mrgﬁe%bc?ﬂmeﬁg i Hirftiohgs RuSRHCRPPaR ey fiefoprie o

t he net pagetwoeked L6hputer s@ﬁtaﬁeer tadlell @venviety oﬂwm foBovadh Gwrilliba appredatédetatthodnd 9
and descri bed .in, nore det bel o rks .in con'unctl wth_a a
e s0gy TR Er etk araserb et thar 581 PR e P o, REIPAE of
mobi | e usexteddiéhs @@Buss&l BldveInaSEtiond GheCABI YA FRSve SR CHE S siemis Haschissa 1ﬂ<ﬂ:§ page

printer via a sh rt-ra e radio link 9. If desired the 15 pen may
connect ed "M% ?%‘B’ rfg GE4urs e mgedafor edergp! x fe?r‘inﬁ? PhfetitempUesiRi “t“fi%f?ta“d the

al t hough Redktbxt namleﬁﬂe Fof&fed leinBbdimbifalidlasfetts of the pRednPd 886ntidh b, 601, a
preferred formof which is shown in Figures 11 to 13 and described in nore

detail bel ow, Ienehkiesumagekue\f)erferrea%mtm{ekﬁég@fys@a SRIBEE cofiiet Mgtdcg ed
newspapers, azi nes, catalogs, brochures and ot her publications, al

print et? atih Fhe Pty efa mﬁgpeéeur@ee,lth&té% adhysics! melprayish cagipipsaslerners ia amap of

conput er, HhN@rBRURAGKINE iRt Bhphtdr @E‘teﬁpﬁle' @@qefevéﬂbe Ra 8OqRAed by QF apBrtpAmt €
wal | - nount ed_adj acent to an area where the norning news is first consuned,

such as isepsigisyee. Deppndiigaipon Heépe%ﬁ%wmeaetwrt’ 191 1eap rgferqneqgrmaythe encoded
househol d' v%lb@Pbpﬁwﬁfbl ERPIkHELinf Bkh 4 D8y HBYa 10chl queh 3 ﬂl;ﬁ?g%ea QurbRDV 140 Bn

deskt op, portable and m niature versions. hbtpages pr at their point
of consunpriBhigusHizRmecterpmee babevigin the sapfnpapens differpntmies. TRE compridrisybes and

interag)i vt YoRbin qgfo%'rﬁétﬁha{bt)ﬁtvﬁ di J4Mhe /%ﬁapggtpmfaé@ Sl LR i ?nﬁgﬂgl ngl gage

pen 101 interacts w e code ata on a printe net page
communi catreyeved jbased on hep referarrgesuppliiddyl o saksing, devige ujed vathdled inenped snrfacqadbpage

printer. T@%ﬁ g §a%’19\§e thé‘fbrﬁ B g&f&ﬁé ivRih EI% fiflfied %1%2! %&Ine%d?e?t ﬁ&&?

page server Interpretation ropriate circumnstanc

server semdbdahhﬁﬂwe$p@mdmngmnasya@ememaﬁnhweaUmuwmtbnpuﬁe¢&@ﬂmsoftmare
runni ng on a netpage application server 13. The application server may in
turn send a redpoits prefwiried Hoins the inatpagk eysteirh eclies iogi thatprotigctpmi oft end liftinen

net pa S IS . nsy. der abl RLe con enient in . th referred

erbod e S A el ThAE AR deo T ke LN Tl Bl BIRTG P e,

m cr oel ectbnomisctheamikdt iggrattieenve/ids). Iifasedon rslepeided Mo e4gEMping inkrvthéehsis | n

tpgg 2$r ?];_Srsabesganaﬁfy 1nv1s1blte I’?A fhe unauﬂ:g?l 2 éyer ﬂea}rtlll( ow ver, a&i" e Ey t%e cfgd Qatg Ra

be sensed by an optically imaging pen and transmitted to the netpage system. Substrates other than
paper may be used. The encoded information in the preferred embodiment is an infrared absorptive
25 ink and so an infrared sensitive optical sensor may be used. If desired other wavelengths may be
used or sensing techniques other than optical sensing; one alternative is to use magnetic inks and

S¢NsOrs.

In the preferred form, active buttons and hyperlinks on each page can be clicked with the

pen to request information from the network or to signal preferences to a network server. In one

30 embodiment, text written by hand on a netpage is automatically recognized and converted to
computer text in the netpage system, allowing forms to be filled in. In other embodiments,
signatures recorded on a netpage are antomatically verified, allowing e-commerce transactions to

be securely authorized.



20 MAY 2005 quality printing is nade nore affordable to consuners. In its
preferred form a netpage publication has the physical charagphqiagtdgys of
a traditi gjpahonewsnagazi ne, such as a set of letter-size glossy pages
printed in full color on both sides, bound together for easy navigation and
confortable handling. 5 The netpage priguter exploits the grow ng
availability of broadband Internet access. Cable service is available to
95% of househol dg; iRl it Pishid, PhRtEEner Bl 1 CaPlfreIRACMS LRIV Hfin Ynicflchd
broadband I nter n_et1 access | gﬁal Fegcjy aleleal?dgabl e tegr620% of 't hese. .Thec r?e_t page
printer ca fllesdoinder teeuseniboth phywigally.comribetrirgid, pagat aed t“mlsetramically’) orger
delivery t} OF I it ) X n tem
can bo. onSB o caiohaeierh fRen e denlbe Rt 11 QRER: R o ReBRAA EF

al t hough tbdaigipng tnemre wid hddogse fiaide ambe eutshivbitipnatie metake térsisefafresepbe dabsd
accept apl e . . . ' I . V] ew. h e i -

et page syiredhi (EBRIHTERS SaBOBLy Bind £ coh i) WPlap A EEbR nl. T
enbodi menterrespémeinggagadpscripyist 8mtared tvotht ectpagn natwsikn ddserites putdvidl elements
conput er - epabl e devi ¢ uch as..a printer.. Netpa bli.catiqgn.servers 14
on the net gg‘fe“e & t\5’/\‘131%1 agt%%f:gn Fohre e 3Paaid ?Pg{jﬁpegﬁaﬂ{)tjzo 3 ‘%ﬁ‘r‘ﬁ‘f {@em tve

publ i cat i ekmehtqi.naépdigh gobuthinen she Ranple)] tccalowphbhdymat serm @ceradl intaped

automatically taq, subscriling n age i nter i a pointcasting an

mul o1 cast AR Fhos REREh: TheolbRt RS Bh bk MRt Aot ors raRh) Pdbeq
and f dilrakpaidl aeaosfdha@riegpohdifg yaghias. user profiles. A netpage printer can
be configured to support any nunber of pens, and a pen can work wth any
nunber of net pages ustfatedris Figure 1,hke poreie qallsrgdoli, mﬁgmatfaﬁﬁ l@iﬂwhi@ﬁﬁﬁhhﬁ};ﬁh page
pen has a_20 uni identifier. A hou 0 .have a, col | ection of.

col ored n&%ﬂ%&ig %g%s?ngdﬁ%"";%‘ging‘ﬁ%ra r‘}f‘t&‘% EQBW’ w %ﬁb?on&‘l‘mtﬂ‘}‘?e‘“fha?ril?t%ge?ﬁ‘fl?r

al | ows eaghi,us &iteine-ddBhdited | phinfin i pplidrd€ For MoBE | dfEicabrl obile IRE Ahe bén R WiRlRage
publ i cation server or appli ca,tf‘i on server, assu\rﬁrg}g that .the assigned pen is
only used B SHHBUNIGAES SEUFSLY, @ith b nefpage REer Vidp wRAFErnecadigiipk 2 Hedssikrd) B,

ot her 1eaRs, WRY HeecodiRedl© thél@pkdn YitiBzind!$8Es of 8n AMEPASBmMARN L4BBughl K be
registered wth a netpage registration server 11 and linked to one or nore
payment cé}t?}naé’c‘f%'&fﬂ‘ﬂ?ab‘gl"‘ﬁi-s al | ows e-comerce paynents to be securely

aut horized wusing the netpage pen. The netpage registration server conpares
the signature caﬂgﬁd&e@ag@ogﬂ&fﬂéo nePisEged fem 9&9 Vhicly spihawn g Sigyres ditad

si gnat ur e dehibddMnNghotel ddesll BbIbRER bNALE deligerUp&lodRailyd 8P bohtdntafd, Rfsonalized
e-commerce server. Other bionetrics can also be used to verify identity. A
ver si on offViparesH MnErgnssecafiinssi hiethyese $nd phgepyblirationss @l printed at f;@h iapslgyas n a
si mi | 2 Wayerldivt RGpAel. RAGRe & fbHhT Bdp@idr, HRGIMREe prithd: RO RnBELRRYEanel NT er
may deliver periodicals such as the norning newspaper w Fhout user

i nt er vent if@rexample.cveahl-mheunged il jagamt Evanrasgaevhergthg glormjes napidoiitst¢aneumgdusich asi | .
Inits pief fll-edidneh Mear 4 brofikae Q@%,; o GEd tRAHoL QbR Bink bPIBLSHRS fk &My 9F

ot herwi se authorized 'sources. In o
also comes in tabletop, desktop, portable and miniature versions.

Netpages printed at their point of consumption combine the ease-of-use of paper with the

25  timeliness and interactivity of an interactive medium.

As shown in Figure 2, the netpage pen 101 interacts with the coded data on a printed
netpage ! and communicates, via a short-range radio link 9, the interaction to a netpage printer. The
printer 601 sends the inferaction to the relevant netpage page server 10 for interpretation. In
appropriate circumstances, the page server sends a corresponding message to application computer

30  software running on a netpage application server 13. The application server may in turn send a

response which is printed on the originating printer.

The netpage system is made considerably more convenient in the preferred embodiment
by being used in conjunction with high-speed microelectromechanical system (MEMS) based inkjet

(Memjet™) printers. In the preferred form of this technology, relatively high-speed and high-



N PS027 20 MAY 2005 -11 respect, the netpage printer is unlike a fax

machi ne or e-mail account which is visible to any junk naileboWRRYHIES

t he tel eplrs@2nunber or emmil address. Alternatively the enti re system nmay
be made visible to outside users or each user may be provided with the
ability to expose their printer(s) to-dgtside users. This may be by way of
sel ecting outside users allowed too send junk 5 mail. 1. NETPAGE SYSTEM

ARCHI TECT\yghiitkpsaftinaas eﬁae lﬂ&deffoﬂdablé ReconMmde® % Heesed Raf vigage fubitdh ed
Model i ng Lan cl ass diagram_A class diagram consists of a set

of object "gf g@s&@%ﬁl%ﬁhaéette@hﬁyofraeqr@etroeﬁlsnﬁwléeagaalﬁe suglings & o 9k Igter-size glossy

rel ati onshjps O[ﬁffn?edolfn fulltBloRSh HEI Sdes2 3SR %éﬂ%?%laé‘ag%g@ﬂgitl%h'a%@tcbtﬁfb?tabl@n
associ ation represents some kind of relafionship between objects, i.

bet ween i Mgtdifges of classes. A generalization relates actual classes, and
can be understood in the followng way: if a class is thought of as the
set of @ll obj ecthe nsipaghprintes lexpiaits thpgrowinggsailabilisy of bg@ﬁ@élhitzra@tiaewseﬁablp ass

B, then BSice$d Mh%l@to&)&bﬁgﬁ hoggeh'gids ﬁf“fﬁb Uﬁht@(? §tafe§ fé’lgdé’i‘n E,e?ﬁ&ea&@

| abel ed with the name of e class. It contalins a
attribut eéﬂr@ﬁbqnﬁéntemetescesee pligady evhilpblotn 20feotithese Tbly n@tpm?mﬂzf@maalalst) opeate and

a list of e W&rc%{lﬂe‘e g,OCLF eﬂﬁer%ﬁwsl%n%cg% V\ﬁxF %ﬁﬂf Qb1 t%da%tc?r ﬁo‘tSt by

a horizontal 11 ne ass diagra ow ho opera i ons
are never Indedd| thel .netppgeasysioni ani eneriabled naing caisting bmmanyromkmeingnd laser giraisse s,

optio Iy e d., h | It h sQciation.
The de aula ti'nﬂ}éﬁ ttﬁg ?%IH? vaIPSJpgﬁg }rllgl Ealcs) é{r i?nsdﬂyzv li ;I'%refo b\é l(e)ss cltccg(ﬁ:ﬁﬁe B }1
mul ti pli cicogsuokr’ §ptanlydfwew B otlmebmbozdnmerm the naaa:ge sasmm t@sueabm a privot ineaat. | y

lt ﬁgelr gldeWIO%n t%lL%tﬁ%rge?rggglglgeﬁtd thé éeé;?alges: gys gos ed %’I e dc%gnpﬁg r ((?:rl ({oggatgﬁenabled
aggr egat i ghvias sahiaat pomer( "i s-part-of '), and is drawn at the aggregator end
of the association line. A generalization relationship ("is-a") is drawn
as a solid |ine Nepagepgblicatorcieagses!, onnht epage i2bvaak amwmﬁgmédhe debivampeifit- an

t I t ' br.ok
open L1 STGhED aPhibline B Bkt entia iRt 35T S S e P
dashed outshlnsnebm@ nétphgebptintdr exanpmmczdtnﬁg aad msfticadting dhiteiers priotocolk.t Pdronslp@in

with attriputes onl def ETPAGES 30 Net pages are the
f oundat i or?“glﬁ’aWﬂS@Ff’iﬁtemgt \%‘iD 1?%t°6'i'ﬂl‘f‘%“a YERFOPSvi de a paper- based

user interface t H‘F%bl i shed i tion and interactive services. A netpage

f
consists of a priBtBEFEGE" ¢4y r*’ed’if) ““?JPFERPQ PR PgRger ?ﬁ“@?laﬂﬂﬁpﬁ‘b@'ﬁ‘d&’rﬁnth

with any number of netpage printers. In the preferred implementation, each netpage pen has a
20 unique identifier. A household may have a collection of colored netpage pens, one assigned to each
member of the family. This allows each user to maintain a distinct profile with respect to a netpage
publication server or application server, assuming that the assigned pen is only used by the
respective family member. However, as explained below, other means may be used to identify a

USEr.

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

30 netpage pen includes fingerprint scanning, verified in a similar way by the netpage registration

SCrver,

Although a netpage printer may deliver periodicals such as the morning newspaper
without user intervention, it can be configured never to deliver unsolicited junk mail. In its

preferred form, it only delivers periodicals from subscribed or otherwise authorized sources. In this



NPS027 -12 20 MAY 2005 references to an online description of the page. The
tags may be printed on or into the surface of the page, my qud$
sub- | ayer NHsobhe page or nay be otherw se incorporated into t e page

online page description is maintained persistently by a netpage page
server. The page description describes1itlhe visible |ayout and content of
the page, including text, graphics and inmages. It also 5 describes the

i nput el enBRLS, B ndthBe PRBEY lsluamketuifaﬁ%abmé SNSmaill YRSt Whkch. is #881e tDREY junk
fields. The page descriptions of different netpages may share conponents
such as adifayes kngusHbriglephane npebsy eail pddiess t"g‘@“ﬁ‘é@@b ihgteatiresygiem may be
descripti gna) vifle Vb ShRidy Lgérts TRTeROE usel My PRS0 HBSF WnHtth@ BbiliRr toe‘[@&agsenﬁlglpage
may include references to these common conmponents. A netpagée al

mar ki ngs eeider(e) terpugsiderjserpaljes panbopy wey of spldctinge outgidd esers atlgived moogsd jrnk
capturefl ang processed by the netpage system 10 Miltiple netpages can
share the sane page description. However, to allow input through otherw se
identical pages to be distinguished, each netpage is assigned a unique page

identifier., Thigeage shPréviarsitifdiokent precision to distinguish between
al |l netpages en

d t Lro I f t
envi ronnent is é%ﬁﬁgg?ﬁéﬁﬂ?H%HBFE%?%Féﬁ“ﬁ@%GmﬁﬁtqggﬂﬁgaaFﬁﬁﬁL%EW%ﬁ2$¥ﬂJthe
envi ronnenlasi Siagranga clabddiageh doafidy encet bboljhe cm@geccd]ﬁaﬁddl 1t deRBorsBipg Ra@ded
in a printed i.fies the un whi ch it appears,

i den |
and t her ety° e PEE%L'I‘%P“%WP of égerﬁ%élerﬁa@eocae g F%f mhm%e‘m PFUFEPD ed
enbodi1tent&présb@s t3ge akisd of detibnshiB Shotdn O¥¥fecROSle! bOtVe& idsBBcdRa@ieclasses. A
Characterlstlcs of the % are described in nmore detail_ below, Tags are

printed i g1 F%?"é‘dfeli‘E?éd‘P‘ﬁ j §Jassgsn pndo pRnabfy undgtsioe 4 dheyfoflewing gvay: if a class is

i nfrared- HefubRGirhY e set20 al BBtk 1Rht diaBR b (AP AlLs o DaRFalikdtoh BF 8gksWRYURHL BNgt hs
are |nV|S|bIe to the human eye but are easily sensed by a solid-state i mage

sensor wi tHRhha s9Etebfi ate filter. A sensor sensitive to the relative
wavel ength or wavel engths may be used, in which case no filters are
required. O her Kislslaeriy gy aﬁapeceegfale@ded With theaippe opthr slags- Kigpaeipae Ey oAind

Sensorts  And AGivhids SARS QG P¥p AN A6 thTRFR bS8 HSRkonta 1iAd) %nd‘@ﬁs@ @Bfhe Bfdtations
decoded and the data 25 encoded by the tag is transmtted to the net page

system préflsr episysepprated fom thg ragigiputp distoliy @ berizantag dine. ip dheyelpss dagfgmsebish  and

connunlca@aﬁwvﬁbgam;QﬁﬁﬁeﬁpgggmgphﬁggaiV|a a short-range radio |ink. Tags
are sufficiently small and densely arranged that the pen can reliably image

at |east one tagseyQBifn i@ dSA%sS e Jeiﬁu@r}wm@ase@g&momyl1§oelem9 el tend hat
the pen recognize the tag and extract 't he "page |ID pOsition on every

i nt eract i ovithythe muktipbicifyznddhe aspagiagion. Hde idpfawlf mettipbeity] i ls oeet Analsiensk (*Tindisatas @
error-5a30 9% 11%1(1‘:} g‘lbln}{an?’nquz%g) c;r(?ncﬁ@iﬁ%cl’} gb%glat?%ﬁ Esj ltll)l}{all @e{bgfeﬁ{%thtltg L faﬁ&e

damage. The netpage page server maintains a unlq e page I nst ance %gr each
printed nés Pegeptionally| laheiledcpt pither endruitinthairele af the sbirgspondggtclass. Ansepen dizgpyohd ed

val ues forincf-icﬂﬂagtanf :;g%}egﬁioinnasg&%tigﬁg‘%s-gﬁﬁgf"i, Qitnh Q8 drawn at the aggregator end of the

association line.

A generalization relationship (“is-a} is drawn as a solid line joining two classes, with an

25 arrow (in the form of an open triangle) at the generalization end.

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

attributes only where it is defined.

1.1 NETPAGES
30 Netpages are the foundation on which a netpage network is built. They provide a paper-

based user interface to published information and interactive services.

A netpage consists of a printed page (or other surface region) invisibly tagged with



for each printed netpage. N PS027 -13 20 MAY 2005 The rel ati onshi p between
the page description, the page instance, and the printed netpagagaySyggsown
i n Figure nksobn the preferred enbodi ment the page instance is associ ated
with both the netpage printer which printed it and, if known, the netpage
user who requested it. It is not essentiigl- to the working of the invention
inits basic formthat the page instance be associated with either the 5
net page prfdieRdes WinaliRd dcidrfiod bﬁh@parge eﬁ]@%@ g bOPFRELEH or RAI e eﬁrfarcb St he

net page user who requested it or for whomthe page was printed

NETPAGE TARES: Py by imeipnpeubriayeinfdhn pagp onmpy s dhereige frspipprated dirio r@gmge The
Ldentifi egylileydofdbfption iMambhidel pRRRRAS by 20EtpdAGabdGRll Ofhe Yhoe dellortith T 20
within thenrl*ebeqa%n ag lma; al o pglgnt alyfl i agls) émgﬁl)la%:h e}-at g%t ® the plrEliegl on
as a whol dessribgsghe Nﬁ@let fayput @pcbcastentrof the fphgey insiudingriext, glfap}ncse@némpms kagnal a
tag senpi | LY DE o at ed
w th o e Afginbl Mt A SRER T hOR, hiEnhe 30l WL 40, FRERRLT
refer to aesteipidoms of fidlereof netihgesrmayi share compakepagaciparenagge, Aldrougktirpkipages

1T um na;’garﬁnth as@gﬁtu{té/dg ag ﬂ%clé%l%g‘g%eeplsﬁ &1@&&%0& pglfe e h%(g%ﬁ lferneléch 0e ?:;haé?

Wil | re cl ear apre’ferr

cont ai ns n@y iecdsdel ryfereacezsgmﬂmd chmmen camgonsits. utmanpegevwi]owh nmrldﬂ;gsl mactenarth a
detection, and whi c i st mnimzin effegt of a i nduced
by the sul r%ee 805 s fRE S Re! .Slﬁ*u“mr%e capm%f% g amsse% b i Vi e

entir & Page, dMaltISIe n%f Y le | enthlau% 1R G same ) degcer‘ﬁ]) 1on ey eﬂ ¢ r1‘at Q) en
fPasss ng on ‘%pH% béﬂé

can relablylma ne tag e T ER
is inport a:rlterwlhmtdemtrwl es @&erdaﬁmgmslreé éahb nppoe 1l; I@ss@ndd p(nsiqtm: piipeddenaivier y

interactl he iLnteraction.is stat

br e err ed e et KRS Binohn i Togmtunh b ag pLPur S Libirteed as b im,
entire page envinrahehhe rﬁe@ﬂ' thelenviDonea® aehail fheh i@ prafsidnhetdiit 8¢ O @B YOHORYEDUS
with the page | D of the page on which the tag appears. |In other

enbodi ment', “WHEEMNBYF %% o which a tag refers can be an arbitrary 25

subre n of a r other surface. .For e it can _coincide with the
Bpoitit: UM ef’@?ﬁi?emcsr%rrﬁﬁrge LSS RHPER oY P o TR e ?setiaffr v
identify thigué pageractwhice 1’&6Jq;fpﬂzﬁ‘ﬁltand KRG Ebyt aglrdcmpnaaahf“es 166 phgd .ﬂ@cﬂp@ml@l 1tnsm@f
tag 1D, at Iea 0. bits of re HD a nynber = of flﬁ ﬁ

a maxi mumPFed piigrenss ﬂezf% rr o8 itf ﬁ&fﬁ Poeﬁ%%rhﬁ PRty G Esagﬁrbsﬁa% pisthey

regi on si Z@s@ﬁed@ﬂn’b@ﬁh@%ﬂe&ﬁﬂﬂ[&feﬁw nches. Larger regions can be mapped
continuously wi thout 30 increasing the tag ID precision sinply by using

abutting r egl ONSTagk GrePRiRted inl h€raftli bdoRGHt Ak Ve tratd Whitlliid Iiftaldd3Hkcave 29

IDis éHﬁ)S one of conveni ence. For nost pur.poses t he concatenation Of t he
such as ordinary paper. Near-infrared wavelengths are invisible to the human eye but are easily
sensed by a solid-state image sensor with an appropriate filter. A sensor sensitive to the relative
wavelength or wavelengths may be used, in which case no filters are required. Other wavelengths

may be used, with appropriate substrates and sensors.

A tag is sensed by an arca image sensor in the netpage pen, decoded and the data

25 encoded by the tag is transmitted to the netpage system, preferably via the nearest netpage printer.
The pen is wireless and communicates with the netpage printer via a short-range radio link. Tags

are sufficiently small and densely arranged that the pen can reliably image at least one tag even on

a single click on the page. It is important that the pen recognize the tag and extract the page ID and
position on every interaction with the page, since the interaction is stateless. Tags are error-

30  correctably encoded to make them partially tolerant to surface damage.

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

for each printed netpage.




two can be considered as a globally unique tag ID. Conversely, it may al so
be convenient to introduce structure into the tag ID, for exa2gmAyi®os5
define theypsognd y coordinates of the tag. A 90 N PS027 20 MAY 2005 -14 bit
region ID allows 29 (---102' or a thousand trillion trillion) different
regions to be uniquely identified. Tagq3may al so contain type information,
and a region nmay be tagged with a mxture of tag types. For exanple, a

region nmay be tapgedaiinkitp Qa%eélethe ?{getd@élﬁp%c@lg'p% ifstn@Q LM ﬂ@bﬁﬁe@ﬁ@page
anot her set, interleaved M th i'Tst, encoding y coordinateés. wll be

appr eci at ayshone in diguent | Ip the ﬂﬁ@”ﬁ‘bgmﬁ?q}ilfp?%éhesﬁaéﬁ mscenis appgpiated mmévsrth thean
t d {.
j ust descr, éagfgé AsReodich gngﬂlg% {thRd qmowgtgggﬁ&m uséMNhﬁ Re g B dSY 1?%’(\@%_5'5%1:13& s

used. 1.2. Data Encodi I'n one e t each tag contalns
of i nfor nde themvormeoflmnmn@gn wf itstbagjc Gunahag the pagfeldEIMaht hspo@ricoditideithst they a

Codeworus o aarAup R E ] E”'eég%%%%"?'ﬁ“ﬁ?%&'ﬂﬁ%g 4PN bR ©

errors toobér whomrtlerpagdwgepringddewor d, i . e. i's toI erant of a synbol error
rate of up to 33% per codeword. Each 4-bit syrrbol is represented in a
spatially coherent way in the tag, and the synbols of the six codewords
are interlletived NEFRABEMAGSW t hin the tag. This ensures that a burst error
(an error affecting multiple spatially adjacent bits) damages a m ni num
nunber of 1sytbol ragobstaatdntemd 15 a m ni num nunber of synbols in any one

codeword, thus "ﬁﬁ’é‘p?@b%&éagfoﬁ&‘%aéh' déﬁ?f?@gth% %ﬁon i GnRH G a?sr A dthg%@at fofully

corr ect ed. Any suit errdor-cortecting code code can be used 1 n pl'ace of

a (15,10%) tiretad-vBtiiote regicmoddag ey aleo«:mtﬂlneﬂas Rbéti-relate tntha reppuieas i vitioleote or
| ess redu Y t ?I[r’% I [, €, n e

anot her blre%(a:tag C%I%femg(?rg g[g B e?érﬁ g’ ?rl‘ %}/a%bsgl{ﬂ%% %gﬁggozmg‘élg%\iegﬁbatél onal
code (see mdimlvaaac%mﬁlhetion@swph@d vith tW mkreerd,lateEama) pf Go tigr withdsy ﬁteesmilfgoievxce

Digital t Or Pren HaII 199 the ent s of
which a her‘;e‘%%l ﬁe?%rtgo%rgﬁggd)%ﬁg 0?21?6’0?§{Og % ef Tasésﬂg BHY®ie }l ag.
Structure“a‘dmsephy‘sEEIabvherapnmmmaihyperbﬁkthe tag, shown in Figure 5
includes fixed target structures 25 15, 16, 17 and vari able data areas 18.
The fiteed targetAsWﬁUhﬁmme&leaﬂj/ expla‘n@eldnk:im@ dlpiclccred smbdiimentf daeh tagebpaige pen
to detect the tlag and_i.nfer . ientation.relative to

n

e semcort ey SecRRfida ofhriant MbdHECHABIEAR: BV Bles ol ot DOiF oy il 1
of the enmﬁﬁiﬂ‘[ﬂznﬁgigledﬁﬂ'e& of Ty avednp mcqnlrmypmé shdgperce (yotiel 6dnsiag prche. TBE tags
rendered at A e%.gl 1¥t| on of 256x256 l V\gﬁn (ﬁal ntIed at 00 .dot s er
inch thisH eé?d% 15 P8 GO PAES BT Altet °‘e8 Y BB Y T AFRES %S‘Grpég& Ution
the tag i $eldBI;‘yl igagdat Lasbens tigraunded dmelacliofntthe pagatt ®fimpathtitatle gtk S.
Si nce 2td’ue CL

e ogmze the page ID and position on every interaction with the page, since the interaction is

stateless.

In a preferred embodiment, the region to which a tag refers coincides with an entire page,
and the region 1D encoded in the tag is therefore synonymous with the page ID of the page on
which the tag appears. In other embodiments, the region to which a tag refers can be an arbitrary

25  subregion of a page or other surface. For eﬁample, it can coincide with the zone of an interactive

element, in which case the region ID can directly identify the interactive element.

Each tag typically contains 16 bits of tag ID, at least 90 bits of region ID, and a number

of flag bits. Assuming a maximum tag density of 64 per square inch, a 16-bit tag ID supports a
region size of up to 1024 square inches. Larger regions can be mapped continuously without

30 increasing the tag ID precision simply by using abutting regions and maps. The distinction between
a region ID and a tag ID is mostly one of convenience. For most purposes the concatenation of the

two can be considered as a globally unique tag ID. Conversely, it may also be convenient to

introduce structure into the tag ID, for example to define the x and y coordinates of the tag. A 90-




area is also contributed by adjacent tags, it only adds 16 dots to the
effective dianeter of the tag. The tag includes six target st Qgg\ggﬁfe%?f
detectionnpspgy 15 al l ows the sensing device to N PS027 20 NMAY -
initially detect the tag. The ring is easy to detect because it is
rotationally invariant and because a sHaple correction of its aspect ratio
renoves nost of the effects of perspective distortion. An orientation axis
16 al | ows bﬁth@g&?%'dﬂgwg@”@%n 8r g%ﬁﬁ{émdnﬁl%ﬁe{nﬂﬁm BXfeFR ReRh@Rbe uniquely
orientation o he tag due to the yaw of the sensor. Teorlentatl(c)ln axi s
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on an |rre@lwhahe$fstemrwgﬂ|bausegrl d, such as is required to ti I e an arbltrary
non- pl anar surface. The tags may, however, be arranged at the apexes of any
pol ygon having n apexes, where n ranges from3 to infinity, as desired. In
conbi nat i dr.i t HfagnRatgiBreeding det ection ring 15, this nmakes a circul ar

arrangement of dabae amoamwnt éhumtagbsmalagmnﬁtb Bﬁhfonﬁﬁtm‘ﬁhﬂi@ﬂzb BitddAa tAife L O
maximze its size, each data bit is represented by a radial wedge 510 in

the form &fduadendy eacoded wsingd By YRsedBolpmen sndey T*H%gle@aéfio gpcpdedi Bits IConsisHp® r
are SHp anf caoldrdird by10MbRyAEEs obR. THRAGH, $Rdas Rl PR Rsy rﬂnonbl%mo be

di mension of 8 dots at 1600 dpi_ and is desi gned so that |ts base (i.e. its
i nner ar eCQI‘HP)ed priscodgyorfldgsit isdeferant of @ symhod emeripterghrte AR rdeotedeiord. adl al
hei ght of the wedge 510 is always equal to the m nimum di nension. Each
4-bit data symbdiach &-bitsynpa dnrepigsanieddm a gpatighy sohgrenf wayyip thodagyead egymbgls
best showgrim il g&fe@oﬂg are 1Qte;’l_g!1‘%e<1i|-%)a‘ﬂali%I Fidda iR @y hel &sfﬁfes BRCH bRfst L% (§d X

codewords are all ocated four concentric synbol rings 18a to d,
shown in Frgiatecting mﬂtlwlﬁﬁwfwlé/merﬁ Aiylidanagss a gHERAMInHMBErl pxarbolspyenall am.

Synmbol4gs of; pihintin dughbsi a@spmsagﬁm; dge &%Qﬁéaﬁhesnﬁ?ﬁgizﬂ gﬁeﬁgegﬂc}oﬁ &@@g]%{bgrsl n

circular progression around the tag e inter esl gne

maxi m ze eher Ay ke BfE cepretedal di st ance between any two 25 synbols of the
sanme codeword. Ot her arrangenents of the codewords or their data synbols
may be utilized\nyEhahihgrireairecting ende code qahde nsagdn place ¢fe (4 hap Keedhiglomon

arr angene deoforg 18y Rp&ll %H}ﬁ&n%ﬁe Fiﬁl%ret &YeR25& 0 %‘hcf %ﬁtﬁ%é s%ine of dﬁﬂ%ﬂt

wor ki ng o the invention. Tt 1s nere necessary t ach tag enco
suf fi ci ensymbef Cﬁmda@ngworﬁomeﬁhenqthﬁrebid@id celep or Thdiffesant dfind efl wndkanwgh ian 4 he
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wor ki ng o e I nven
Communication and Storage, Prentice-Hall 1995, the contents of which a herein incorporated by

cross-reference).

1.2.3  Physical Tag Structure
The physical representation of the tag, shown in Figure 5, includes fixed target structures

25 15,16, 17 and variable data areas 18. The fixed target structures allow a sensing device such as the
netpage pen to detect the tag and infer its three-dimensional orientation relative to the sensor. The

data areas contain representations of the individual bits of the encoded tag data,

To achieve proper tag reproduction, the tag is rendered at a resolution of 256x256 dots.
When printed at 1600 dots per inch this yields a tag with a diameter of about 4 mm. At this
30  resolution the tag is designed to be surrounded by a “quiet area” of radius 16 dots. Since the quiet

area is also contributed by adjacent tags, it only adds 16 dots to the effective diameter of the tag.

The tag includes six target structures. A defection ring 15 allows the sensing device to




arrangenments may be utilized. Exanples of other tag structures are
described in US Patents 5,625,412, 5,661,506, 5,477,012 and EO%&Y%S and
PCT appl i ogHgopn PCTI US98/ 20597, the contents of each of which are

i ncorporated herein by reference. NPS027 -16 20 MAY 2005 In order to
support "single-click"” interaction with1g-tagged region via a sensing
device, the sensing device nust be able to see at |east one entire tag in
its field;ipfiagi @¥cNRe MR TR M8 re§sy't5' detE(h%eéa%g:' PR r@lratnﬁfallwgnﬁf hﬂ%e@&ds@g the
sensing deviceé is positioned.” The'required dianmeter of the field of view
of the sersyigy ceressiige of &s wppsplerabip aerpovesmest ointhefefieete of porspeiing dipladiongAnf
the tags. oricASSMHRA6AIGM HULAbink 38iANARGermf NI RHASHATE b on bie
sensor field of viewis talne vvhent e tags a equi lateral
triangul artaggduedo thesawled the smmFiTge paen@ation agis is s1reuged| tcmgbl Pynigye DsiEmigficantour
Decodi e i

por  or e PP o WERACI PHRASAE ARRT P ROHDH Bl A Bhelde i e,

7. Wile etraua"mnuo%tlie itrgaayd tiegcelrai swgurat@qhm&émeﬁsﬂmad pdgﬂlomkaed |onagaioeexfshﬂ tagt he
dynamc r jmage is determined (at 20). The center of the range
is then c%%gtivr?%thesnesmbl nary threshold for the |mage 21. The imge is then
t hr eshol ded and C i.xel ons shapes 23)
(at 22). Shapes }\?\E%?%tgugw esg}ere& Pant% tlar%e reSent tﬁ g untﬁe(fn structures are
di scarded. The ze an entro d Q s als ted.

shape moment o 255 SR hE SE’%%" Beop i i S?@cm aanwn%ﬁ? TR opfnd Y
provi d& béclﬂﬂmorbasmsgdlmrmmglnmeguen;uathyasl xemhnagtottaas gearbmfamﬁmqﬂzmm sugiacd r al
shape no nat ur.e .inva ition, and be easily
o | nvarita e B dbub B e BRh By b VG Ay Ro B e ap RS pRay st
struct ur e fin B o tikfenith] gsSdesiral. e comifiadtiod Wit the @jrculdk detedgorndse 1 f1ehiadivikad age

of being ver er spectl ve-dj storted, . Matchin roceeds
by aspect MO TR oot DR PRt L3 T it & oo g Tence
its Seconﬁrz@rdelﬁ da R segaerselmiol_ﬁyrmkadzaedvea@es 1@Qnrthdwgmh53feﬁsseatbauﬁdea@g mw(lze
even if_the ive djistortion was si i cant ring's, origlna
aspect ndac}“gel ?gﬁi F7ea0 G (HSE 255 Vi W & ?th GPteﬁﬁrﬁrﬂgl |‘6fﬁ]g'i)f51€ﬁés a
per spect i \iinfifud&ifenisibn ofiB&lof>t 56(10&1Ii)gﬁid S dsipabdisotha Gts bBse (1 itD kb 4rO5 D8, is

| ocated (at, 28). Matching proceeds b applying the ri s normalizations
to each sHh§&" §q%weﬂhlﬁ IR dRIISOD- RSP O &et‘fﬁégerggus HPRY cardirthe s
Once its s@aaREr AdRSonTPABRNLS: @FLsyRObNB kpfBthidd s Adhdy § & @l vid dgeesm Yis
recogni zed. Note 25 that one thi rg order nonent i s required to ambi guat e
the two pdssiskiven iBFigsmt4t i ons of the axis. The shape is deliberately

skewed. to one side to make this possible. Note also that it is onltgl1Ee
possi & to rotHie bnarhir g syebalnal gachsoft the gét cedewends jare pdosataddo tthee four ng' s

nor nal i Zatcbn‘?c@ﬁtn@@ﬁhﬁo‘?@ingssis%@lﬁJ‘QhO“E%%Pg[%Fé3 \{@m@erﬁea el ngégho@hdﬁgiﬁp.% axis

target S axlIs axl s targe S origlna I‘OtatIOI’l rovi es a use
appr oxi mattPor D Sybolsaef Brsy it avithoﬁodgwerds O°2péR5 ygvald@ated alternately in circular

progression around the tag.

The interleaving is designed to maximize the average spatial distance between any two
25 symbols of the same codeword. Other arrangements of the codewords or their data symbols may be

utilized.

The physical layout of the tags or the shape and/or arrangement of data symbols within
each tag are nor essential to the working of the invention. It is merely necessary that each tag
encode sufficient information for the intended use. The use of redundancy in the tag is preferred

30 but, at its basic level, not truly essential to the working of the invention. As such other tag
arrangements may be utilized. Examples of other tag structures are described in US Patents
5,625,412, 5,661,506, 5,477,012 and 5,852,434, and PCT application PCT/US98/20597, the

contents of each of which are incorporated herein by reference.



30 The four perspective target structures 17 are the last to be | ocated (at
30). Good estimates of their positions are conputed based onohhghy FgpRwn
spatial re|mpppnships to the ring and axis targets, the aspect and
rotation of the ring, and the rotation of the axis. Mtching proceeds by
applying the ring's normalizations to eggh shape's nonents. Once their
second-order nonents are NPS027 -17 20 MAY 2005 nornmalized the circul ar
perspective tar gl‘ﬁto?de@'i@sﬁﬁéd i fd- &&Q@H{te?ré‘cnoé‘%htaﬂg %%@'}%%n X PS&RIng tyeyigach
estimated position 1s taken as a match he original centroids of the four
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per spect g gy AR B (S RARS s REORR, T8 Akl SREERT B e iRe
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pairs (see Heckbert, P., Fundanentals of Texture Mapping and | mage
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i mage- space perspective transformis used to project (at 36) 10 each known
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position ﬁ?%segﬂt Iﬂbégf&;ea@fs‘?np'&%ﬂ dé&%ﬁﬁ-.égs at 36)._.the foufr reI evant .
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are sanpled in codeword order, so that codewords are inplicitly
de- i nt er | 480 &ENGEFY RSt EIORHIB! ShARgs BB bEE4D: Skpeshich aifder apdle repmwent tag

physi cal ttagetsttatﬁtwr@dﬁameaon@sagm&t@m bfseaepthaséﬁeﬂt béhputd. the _
i nvention and ot her physical arrangenents of each tag may be used. It wll

be understood t hgad RBape RERCRESD 5T HE hE@G&Q;%Pe’d' (20} rtgréi@l? Gk gt iqjfage
to retrieve the daztug er?goded dep endts on X @ Lg ysi ca%trﬁctu?eﬁgt] t he

tag antP t it sgsstfem%@ﬁelﬂbrlwaeaa trigah STryehepe S@nt stlfwe reRiReRts arh by theignatge get
15 is onl 3948 Iahgdsﬂxoﬁ LA l&’e%aﬁfy nﬁzﬂl@ ;dvﬁ@aﬂn‘?ot"ﬁa&té %sﬁe%l aid Qﬂ%ﬁﬂaﬁo&' o the

i mage guarantees that the ring, i'f found, is part a conplete tag. If a
conplete tag is ARl LQMbg sﬁ!ﬂcqureﬁy?sctﬁéﬁis@t&% 19&%9%%% LARR R t}&ea[&va‘t’rﬁ’a?getoton
is recorded for the current frame. G ven adequate processing power and

ideally a bnmgywmeﬁdwhafvpfbwhlendterm@w ilst@ttechM@Ght%rmwedséwssneatt@gyallzmg@nd/es
25 seeki ng ol %al éa?h E]ﬁg glﬁgoﬁrﬁﬂtts OIRIE seﬂﬁ% (ﬁ@&%&ﬁeqtsgﬂg ﬁgt%aﬂzed. the

i ndi cat es entit regli on cont al ni ng t ag an posSI t1on
of the agmw lt hm tb recogmigi even lﬁﬂieammatve dstrgiieni oas §Bnibéant. Hhepeng’ sniriginah t he

region, Jyé@l! ahd ?&aﬂoﬁtggt E‘IEI%JTJ)V]&)J :Ep&lr%ﬁlog%f Ehg Eer?t%nt’lve ttsansfg%P inferred

(at 34) fr e per spec tr ans or m
The axis target structure 16 is the next to be located (at 28). Matching proceeds by

applying the ring’s normalizations to each shape’s moments, and rotation-normalizing the resulting
moments. Once its second-order moments are normalized the axis target is easily recognized. Note
25  that one third order moment is required to disambiguate the two possible orientations of the axis.
The shape is deliberately skewed to one side to make this possible. Note also that it is only possible
to rotation-normalize the axis target after it has had the ring’s normalizations applied, since the
perspective distortion can hide the axis target’s axis. The axis target’s original rotation provides a

useful approximation of the tag’s rotation due to pen yaw 29.

30 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 second-order moments are



observed on the tag and the known spatial relationship between the pen's
physical axis and the 30 pen's optical axis. 1.2.5 Alternatiyg pAY 2005
StructureqpBogytag structure just described is designed to allow both
regular tilings of planar surfaces and irregular tilings of non-planar
surfaces. Regular tilings are not, in gdferal, possible on N PS027 20 NMAY
2005 -18 non-planar surfaces. In the nore usual case of planar surfaces

wher e regubafalibdd hBGicflr SRAPSRE areRORRI AAbPI0 decGimiz UnbARE furgtt eRsAB 13l S
of paper and the like, nore efficient tag structures can be used which
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vi ew 193, awttiecin musporgipdby trha-reiemganal s of two tags. Figure 6¢c shows a
square tiling of nine tags, containing all one bits for illustration

pur poses. Usi ng Ehe(itfsrred jagResd-tGohageespace qebespectivd tramst@mob utedgto ghadject date36)
e ORnt o SASORSy bR gp BRIV AR FEL T R R! Vhor PREl Pl SR0BE PR ©
errors. AdfinerhgingeribGtd{at 36)ate fdr adevaef afj@enttpivteds ialthoinputamaggilhe pleioodly up

1 92 15 bits.,.Th ta- i dot f t t i d 1
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;I'ﬁg i nags_ormmt ﬁsféwmgispﬁ ag‘?eas(gassz)gesmd m&cbﬁtdﬁBD,mt 1%0 aeibd?ﬁbwfin twvl h

e e on Sl eps n .are om . (0] e tag.
L o P N RS e R PRI S sApIES i SHOE T Ot P 16" G e A pHoith

possi bl e @eiigeeatddangngihe tdugplinggrocgkati ve to the sensor, it is also
possible to enbed orientation data in the tag data. For exanple, the four

codewor ds can beAaméRidgaichbs, tiahySal iglsagnat befcadih®§ st AdtRssent@N® the
codeword pl aced at that, orientation, as shown in Figure_ 6d, ere, eac
symbol i s B A ofiet pvssalaanse oF Bt bRt dt Vil bpun o the
posi tion @fockdIEoskodzind 4n8idacddi EOSRIREEE loActekve thadata REAAED Bépehdieh the
consi séos of decodi ng gne codeword at each orientation, Each codeword can

ei t herd! c pAYsifahstycfepiiths thy andithevetam virg fnredupdantly engoding e dtar st codewor d,

or two bits indicating which, . . . .
The ringtarget 15 is only sought in a subarea of the image whose relationship to the

image guarantees that the ring, if found, is part of a complete tag. If a complete tag is not found and
successfully decoded, then no pen position is recorded for the current frame. Given adequate
processing power and ideally a non-minimal field of view 193, an alternative strategy involves

25  secking another tag in the current image.

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

30  pen’s optical axis.

1.2.5  Alternative Tag Structures
The tag structure just described is designed to allow both regular tilings of planar

surfaces and irreguiar tilings of non-planar surfaces. Regular tilings are not, in general, possible on



codeword it is. The latter approach has the advantage that if, say, the
data content of only one codeword is required, then at nost byQuaYdRWY ds
need to beyrdpepded to obtain the desired data. 30 This nay be the case if
the region IDis not expected to change within a stroke and is thus only
decoded at the start of a stroke. Wthirga stroke only the codeword
containing the tag IDis then desired. Furthernore, since the rotation of
the sensi ng,deMhCRERANGGE: HofMYiaPOGk Bf Sighdt sBticks Wik Ridh)R ihECK GOt Y
one codeword typically needs to be decoded per frame. It"Is possi bI% to
di spense WessiPlp desyyefacer suchiag phyets of papeagdthedikeanere icHisteablds ptaicpresivan beusddt a N
PS027 -19 ch’\éﬁfﬁoﬁ%ﬁ %u?a‘?%&tﬁl%%tf i«@n, being self-registering. In this case
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translated into an absolute location within the tagged region, the
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22, as parésilihcd foebufe bpageARiihing arl6ditass I haBITas) thid allés MeRiohdDl Eaib 3o dhe

scherre#s%? totile the surface region with tags, and this can vary
accord1 g % surface type. When nultiple tagged regions share the sane

tiling scheme and the sane . tag n ering,schepe, they can, al so share the

same tag map. T@et@&-%%ﬂgrféﬂm‘gg ?ﬁﬁ? B FAEEB Pt Pediap feireizhbote 5P &5t on
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can be retrieved, the tag. ID }c?an be translated into an absolute ta
Shfgire o
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t o the tagmadeGfatbisiiy pretedtsab Bestiibed s Qetidel D Bbdve GAtH (RN tidh fhat §6ps28GhON.
1.2. 7(%-561\?\%;8”9 Schenmes Two di stinct surface coding schenes are of interest,
bot h

&y qed he tag structure 25 described earlier in this section.

The preferred codjng scheme uses "location-indicating" t agos_ as
Althotigh the tag may contain an orientation feature to allow disamibiguation of the four

possible orientations of the tag relative to the sensor, it is also possible to embed orientation data in
the tag data. For example, the four codewords can be arranged so that each tag orientation contains
one codeword placed at that orientation, as shown in Figure 6d, where each symbol is labelled with
25  the number of its codeword (1-4) and the position of the symbol within the codeword (A-O). Tag
decoding then consists of decoding one codeword at cach orientation. Each codeword can either
contain a single bit indicating whether it is the first codeword, or two bits indicating which
codeword it is. The latter approach has the advantage that if, say, the data content of only one
codeword is required, then at most two codewords need to be decoded to obtain the desired data.
30  This may be the case if the region ID is not expected to change within a stroke and is thus only
decoded at the start of a stroke. Within a stroke only the codeword containing the tag ID is then
desired. Furthermore, since the rotation of the sensing device changes slowly and predictably

within a stroke, only one codeword typically needs to be decoded per frame.

It is possible to dispense with perspective targets altogether and instead rely on the data



al ready discussed. An alternative coding schene uses "object-indicating"
tags. A location-indicating tag contains a tag |ID which, whenshngay! fjosd
through t hgesbag map associated with the tagged region, yields a unique tag
| ocation within the region. The tag-relative |ocation of the pen is added
to this tag location to yield the locatingn of the pen within the region. 30
This in turn is used to determne the |ocation of the pen relative to a
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ei t her taggl ng scherre the tags function in cooperation with associ ated

Vi sual f tqilnm?ﬁ the netpage as user interactive elenents in that a
user can i nt'eract the printed page using an appr Prlate sensi ng devi ce
in order for tadsgading wgtse%w 15giop He astan 8P rgd gdigetighppostispsigyn. Before
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absolute tag location within the region, and the tag-relative pen location can be added to the tag

location to yield an absolute pen location within the region.

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

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

already discussed. An alternative coding scheme uses “object-indicating” tags.

A location-indicating tag contains a tag ID which, when translated through the tag map
associated with the tagged region, yields a unique tag location within the region. The tag-relative
location of the pen is added to this tag location to yield the location of the pen within the region.

- 30 This in turn is used to determine the location of the pen relative to a user interface clement in the
page description associated with the region. Not only is the user interface element itself identified,
but a location relative to the user interface element is identified. Location-indicating tags therefore

trivially support the capture of an absolute pen path in the zone of a particular user interface




25 instances of the sanme page description. The presence of the nost
abstract document description on the page server allows a usebpg gAY RPEESt
a copy of npsdorunent wit hout being forced to accept the source docunent's
specific format. The user may be requesting a copy through a printer with
a different page size, for exanple. Co@Qersely, the presence of the
formatted docunent description on the page server allows the page 30
server toegfdchciently interpret user actions on a particular printed page.
A formatted docunment 834 consists of a set of formatted page descriptions
5, each of whi chn oe&liadiSatial 18 8Qkaiff a il MRGILRH &R NRhiGseMBRE ntBfre
Each formatted el enent has a spatial extent or zone 58 on the page. This
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or a page server conmmand el enent 846, as shown in Figure 27. A static

el enent 843 can be a style element 847 with an associ ated styl e object
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el ement_ 850 with an associ ated graphi c object 857, a video clip elenent 851

with ar ad&¥sa0 &wl 26 deo cl | p object 858, an audi o cli p element 852 with
an associated audio clip object 859, or a _script element 853 with an
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t he paz%e 1.4 THE NETPAGE

preference, the document is paginated and otherwise formaited. Formatted terminal elements 835
will in some cases be associated with content objects which are different from those associated
with their corresponding terminal elements, particularly where the content objects are style-related.
Each printed instance of a document and page is also described separately, to allow input captured
through a particular page instance 830 to be recorded separately from input captured through other

25  instances of the same page description.

The presence of the most abstract document description on the page server allows a user
to request a copy of a document without being forced to accept the source document’s specific
format. The user may be requesting a copy through a printer with a different page size, for example.
Conversely, the presence of the formatted document description on the page server allows the page

30  server to efficiently interpret user actions on a particular printed page.

A formatted document 834 consists of a set of formatted page descriptions 5, each of
which consists of a set of formatted terminal elements 835. Each formatted element has a spatial

extent or zone 58 on the page. This defines the active area of input elements such as hyperlinks and



In a preferred enbodi ment, a netpage network consists of a distributed set
of netpage 25 page servers 10, netpage registration servers b mAY AR | D
servers 1Apsoet page application servers 13, netpage publication servers
14, and netpage printers 601 connected via a network 19 such as the
Internet, as shown in Figure 3. The netpgdge registration server 11 is a
server which records rel ati onshi ps between users, pens, printers,

appl i cati gisut 88ds. publ i cations, and thereby authorizes various network
activities. It 30 authenticates users and acts as a signing proxy on behal f
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20  captured on the page which does not apply to a specific input element.

In the preferred form of the invention, a tag map 811 is associated with each page

instance to allow tags on the page to be translated into locations on the page.

1.4 THE NETPAGE NETWORK
In a preferred embodiment, a netpage network consists of a distributed set of netpage

25  page servers 10, netpage registration servers 11, netpage ID servers 12, netpage application servers
13, netpage publication servers 14, and netpage printers 601 connected via a network 19 such as the

Internet, as shown in Figure 3.

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

pens, printers, applications and publications, and thereby authorizes various network activities. It

30  authenticates users and acts as a signing proxy on behalf of authenticated users in application
transactions. It also provides handwriting recognition services if desired. As described above, a
netpage page server 10 maintains persistent information about page descriptions and page

instances. The netpage network includes any number of page servers, each handling a subset of



Apart fromidentity and security settings in non-volatile rrermry, t he

net page printer need not contain any persistent storage. As bgrmAy Fogsser
is concer o2/t he network is the 25 conputer”. Netpages function
interactively across space and tinme with the help of the distributed

net page page servers 10, independently-@p -particul ar netpage printers. The
net page printer receives subscribed netpage docunents from netpage
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can be(confifshbifage documents on demand and via subscription. Each printer has a unique printer ID 62,

and is connected to the netpage network via a network such as the Internet, ideally via a broadband

connection.

Apart from identity and security settings in non-volatile memory, the netpage printer
need not contain any persistent storage. As far as a user is concerned, “the network is the
25 computer”, Netpages function interactively across space and time with the help of the distributed

netpage page servers 10, independently of particular netpage printers.

The netpage printer receives subscribed netpage documents from netpage publication
servers 14. Each document is distributed in two parts: the page layouts, and the actual text and
image objects which populate the pages. Because of personalization, page layouts are typically

30 specific to a particular subscriber and so are pointcast to the subscriber’s printer via the appropriate
page server. Text and image objects, on the other hand, are typically shared with other subscribers,

and so are multicast to all subscribers’ printers and the appropriate page servers.




interpreted. Figure 2 shows the netpage printer class diagram reflecting
printer-related information 25 maintained by a registration sgrygy dggsen
t he net paggspgt work. A preferred enbodi ment of the netpage printer is
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operation of the printheads in the print engines.

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

nefpages.

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

printers may print onto more specialized surfaces, such as globes or sheets of plastics. Each printer

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

interpreted.

Figure 2 shows the netpage printer class diagram, reflecting printer-related information

25 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.

1.51 Memjet™ Printheads
The netpage system can operate using printers made with a wide range of digital printing

30  technologies, including thermal inkjet, piezoelectric inkjet, laser electrophotographic, and others.
However, for wide consumer acceptance, it is desirable that a netpage printer have the following

characteristics:




transfer, timng, and drive circuits (not shown). Mjor elenents of the
printing el enment 300 are the nozzle 302, the nozzle rim 303, ?qupﬁﬁhdmgzle
chanber 3Q@#gsothe fluidic seal 305, the ink channel rim 306, the l'ever arm
307, the active actuator beam pair 308, the passive actuator beam pair 309,
the active actuator anchor 310, the paggi-ve actuator anchor 311, and the
ink inlet 312. The active actuator beampair 308 is nechanically joined to
t he passive actuato&m$g§H@hM%ﬂdhy%Qgrﬁ&nhge join 319. Both beans pairs are
anchored at their respective anchor points 310 and 30 311. The conbi nation
of el ements 308,., 30903ty R4dpringRg 319 forma cantilevered el ectrothermal
N PS027 -25 bend actuatort%zo. 20 Y 2005 Figure 18 shows a small part of
an array of printingglamets 300, including a cross section 315 of a
printing el ement 300.” The cross section 315 is shown wi thout ink, to
clearly show the ink, hijli&lcodl2 that passes through the silicon wafer 301.
5 Figures 19(a), 19(b)" and 19(c) show the operating cycle of a Menm etTM
printing element, 3QQ.;.Fi.gure 19(a) shows the quiescent position of the ink
meni scus 316 prior to printing an ink droplet. Ink is retained in the
nozzl e chanber Ly 5ﬂ£;@ﬁgr&§psion at the ink neniscus 316 and at the
fluidic seal 305 fornmed between the nozzle chanber 304 and the ink channel
rim306. 10 Wil p@ﬁﬂﬁé%gnn$$e printhead CMOS circuitry distributes data
fromthe print engine ntroller to the correct printing element, |atches
the data, and byffe -a-10 drive the electrodes 318 of the active
actuat or beam pair %%g&gﬁﬁﬁgaﬁglses an electrical current to pass through
t he beam pair 3Q8 fg{h299ﬂ¥f§ q mcrosecond, resulting in Joule heating.
The tenperature increase Fesu ting fromJoul e heating causes the beam pair

308 t xpand. As t LV or .15 beam pair 309 is not heated, it
does g%f expand, regﬁpggﬁéhyﬁmgﬁéﬁge%gﬁﬁ?fference between the two beam

pairs. This stress dj is partially resolved by the cantil evered end
of the eIectrotherng#L&%gﬁﬁgggkﬁator 320 bendi ng towards the substrate 301

The lever arm 3Q7 transmts this novement to the nozzle chanber 304. The
nozzl e chanber 304 noves abdut T Wo microns to the position shown in Figure

19(b). This increases the ink.press L Qrcing ,ink 32 t of the. nozzle
302, and 20 caudhgeny Emetiaflb SERLLEpeh P e e gt oG SardisbS

prevents the ink.nmeniscu 16 from. spr. i Ng,acr,oss 1 surface.of the
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t he break-off .of. the in ?ropl t 317 fromthe i 321 jn.the, no %ie .
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action of ntitteclatmvfnadh@nical systems (MEMS) technology. Figure 17 shows a single printing element
300 of a Memjet™ printhead. The netpage wallprinter incorporates 168960 printing elements 300
to form a 1600 dpi pagewidth duplex printer. This printer simultaneously prints cyan, magenta,

20  yellow, black, and infrared inks as well as paper conditioner and ink fixative.

The printing element 300 is approximately 110 microns long by 32 microns wide. Arrays
of these printing elements are formed on a silicon substrate 301 that incorporates CMOS logic, data

transfer, timing, and drive circuits (not shown).

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

passive actuator anchor 311, and the ink inlet 312.

The active actuator beam pair 308 is mechanically joined to the passive actuator beam
pair 309 at the join 319. Both beams pairs are anchored at their respective anchor points 310 and

30 311. The combination of elements 308, 309, 310, 311, and 319 form a cantilevered electrothermal




25 tension at the neniscus 316. Figure 20 shows a segnent of a printhead
350. In a netpage printer, the length of the printhead is thegfphly gt h
of the papgrsoftypically 210 mm in the direction 3 51. The segnent shown
is 0.4 mmlong (about 0.2% of a conplete printhead). Wen printing, the
paper is noved past the fixed printhea@si-n the direction 352. The
printhead has 6 rows of interdigitated printing elenments 30 300, printing
the siXx coLbfd sulforbByPes of ink supplied by the ink inlets 312. To protect
the fragile surface of the printhead during operation, a nozzle guard wafer

330 is attachedripge tiBE&hEN] RLRSAGDHSUPAY %ﬁ&ﬁoﬁ%tm@%ﬁmﬁeﬂﬁ@Oﬂoéélh@in§g?cr659er €
is a correspondi ng nozzle guard hole 331 through which the ink droplets
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from becom gy QM&Qkﬁﬁlaﬁ%ssIB@thJugﬁ ﬂ1@‘§h§oxp&af913*0@r debris, filtered air is
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the printer is id The Net page Pen 5 The~attive sensing device of the
net page sy8femis typically a pen 101, which, using its enbedded
controller 134, is able to capture and decode | R position tags froma page
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pressing with the pen nih, in order to request, say,
spreading across the surface of the nozzle chamber 304,

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

25 tension at the meniscus 316.

Figure 20 shows a segment of a printhead 350. In a netpage printer, the length of the
printhead is the full width of the paper (typically 210 mm) in the direction 351. The segment shown
is 0.4 mm long (about 0.2% of a complete printhead). When printing, the paper is moved past the
fixed printhead in the direction 352. The printhead has 6 rows of interdigitated printing elements

30 300, printing the six colors or types of ink supplied by the ink inlets 312.

To protect the fragile surface of the printhead during operation, a nozzle guard wafer 330
is attached to the printhead substrate 301. For each nozzle 302 there is a corresponding nozzle

guard hole 331 through which the ink droplets are fired. To prevent the nozzle guard holes 331



information froma network. Furthernore, the force is captured as a
continuous value to allow, say, 25 the full dynamcs of a si QQ?tI\H'A?’Z sbe
verified. NPegeeni b may be novabl e when subject to a specified orce ich
is greater than that nornmally applied when witing. To "click" the user
applies a force sufficient to nove the26i-b. This may provide nore
desirabl e feedback to the user conpared to that provided by a non-novi ng
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interpreted relative to a threshold to indicate whether the pen is “up” or “down”. This allows a

interactive element on the page to be ‘clicked’ by pressing with the pen nib, in order to request, say,
information from a network. Furthermore, the force is captured as a continuous value to allow, say,
25  the full dynamics of a signature to be verified. The nib may be movable when subject to a specified
force which is greater than that normally applied when writing. To “click” the user applies a force
sufficient to move the nib. This may provide more desirable feedback to the user compared to that

provided by a non-moving nib.

The pen determines the position and orientation of its nib on the netpage by imaging, in

30 the infrared spectrum, an area 193 of the page in the vicinity of the nib. It decodes the nearest tag
and computes the position of the nib relative to the tag from the observed perspective distortion on

the imaged tag and the known geometry of the pen optics. Although the position resolution of the

tag may be low, because the tag density on the page is inversely proportional to the tag size, the

adjusted position resolution is quite high, exceeding the minimum resolution required for accurate



nonentarily activates its "error"” LED. Wien the pen succeeds in decoding a
stroke relative to the page, it nonentarily activates its "ok Mk 2005
sequence ofpsoaptured strokes is referred to as digital ink. Digital i1nk
forns the basis for 25 the digital exchange of draw ngs and handwi ti ng,
for online recognition of handwiting,-2Ad for online verification of
signatures. The pen is wireless and transmts digital ink to the netpage
printer VipgndvrifRtdcogdimge radio link. The transmitted digital ink is
encrypted for privacy and security and packetized for efficient
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DNS, the page | DEabD paf hasheustntakesdanTis shbe mbtiwondifad tdy éepenio thheysnet. mage

page seryer tains the conres ndi,n e. ta ce 830.
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pi eces of tex ypi cal | ere on the netpage network. \Wen the
page ser v&Est @é‘ﬁ“ § T'HE ts’t“F’oﬁE’gef Fﬁ‘ r@eStﬁ‘é‘ﬁS I S‘fbé‘ﬂ“f"@ e@Pofucela gy are

descri pt i edprédacedif kilehnil fife Sith QkRh &RPlicasage@nd det er m nes whi ch el ement of
t he page description the stroke 20 intersects. It is then able to interpret

the statoke in t hehaeRrakd pdafis Wiint oL Ffa grinfr %eth QMM it @ArCdBRIMunicate, the pen
slowly flashes its “online” LED. When the pen fails to decode a stroke relative to the page, it
momentarily activates its “error” LED. When the pen succeeds in decoding a stroke relative to the

page, it momentarily activates its “ok™ LED.

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

online verification of signatures.

The pen is wireless and transmits digital ink to the netpage printer via a short-range radio
link. The transmitted digital ink is encrypted for privacy and security and packetized for efficient

transmission, but is always flushed on a pen-up event to ensure timely handling in the printer.

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

range of a printer, it transfers any buffered digital ink. The buffer may provide more or less buffer

capacity.




A "click" is typically a stroke where the distance and tine between the pen
down position and the subsequent pen up position are both | esg A 2FEE
smal | maxiNpggp7 An obj ect  which is activated by a click typically requires
aclick to be activated, and accordingly, a longer stroke is ignored. The
failure of a pen action, such as a "sl oggy" click, to register is indicated
by the 25 | ack of response fromthe pen's "ok"™ LED. However, where a
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activa
A “click” is typically a stroke where the distance and time between the pen down
position and the subsequent pen up position are both less than some small maximum. An object
which is activated by a click typically requires a click to be activated, and accordingly, a longer
stroke is ignored. The failure of a pen action, such as a “sloppy” click, to register is indicated by the
25 lack of response from the pen’s “ok” LED. However, where a netpage includes a button a “click”
can be registered when both the pen down and pen up positions are both within the area of the

button.

There are two kinds of input elements in a netpage page description: hyperlinks and form

fields. Input through a form field can also trigger the activation of an associated hyperlink.

30 1.71  Hyperlinks
A hyperlink is a means of sending a message to a remote application, and typically elicits

a printed response in the netpage system.
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associ ated hyperlink, as 25 shown in Figure 31. Wen input occurs through

any field el emeng hyﬁbrﬁm@elgﬁamm ﬁd@ﬁn#«unﬁééﬂpn&téﬁlaﬁﬁaphm@ﬂ awvmmt &emgroup
is activated. A hyperlinked group can be used to associate hyperl

behavi or Rl filek D sSftdﬂnﬁlsldﬁlt@ﬁ%é]ﬁ BeRerlink tothg appligatiopcan  kigp reﬂlﬁred” flag
conj unct i Qi akik tﬁé.'%s @Q@fﬁbﬁldéjﬁ!a Bﬁ; s aﬁﬂ&iﬂop Hj:l% 1Bf658n e Hﬂi}eﬁl&&%ﬂu}aﬂ&; g.\gtPa

pr ovi de conti nuous i npu to an app i cation. can therefore be use
support a dessripidebwhiclis vsad avhar thediyperbinlels, fevoréed aptrefagotiitp pe eprears dapheuvseds and

ther ef a5 & 43 Qe A%her AR cRARM B8 bR Mhun o Faide BOr 15 A form defi nes a

collection of relat'ed Input fie used to capture a related set of inputs

through one or ngLg er'gggx‘ﬁgk NELRRAARS, e éa%g rE'eerﬁl OURs & Hflst 4P an uuzﬁ)ﬁhéatlgrpe or

nore paraneters to NPSO27 -30 an app 1|ca Iron software program-r
server. ZQOWG@OQE the memverks Glhe; @phcagpm ip idehtfsinby &B&tpphcatlhle TBo®4 rmﬂtthe

i er ar ¢y apdifoatel iR Bty IR A1Bm B8 via B 1196 "THRR! acf Wb BLASTARBSHRRD. A

forminsta ce 8 represents a printed instance orm
set of fi gkumbral rhsmealnrdce§63m*nv\h1pclﬂlnm66e@|dcsddcttoo hypeelirfkis @54 ae blewarit §igBkS3 00f

the f E S e n i val ue 871 V\:h se. type
depenglrsd’norﬁxL ?ﬁﬁra? hgééﬂ lﬁ( fafr;]k ! (ﬁ;e(rﬁ}elelggon Sr%gfgls? iqg‘?%ﬁg?cémnlgﬁt or E‘é‘g hsmf.‘llD N %la ue
records i ppiidredchroagervar. p’afdnnchﬂpa:ﬂmlp sulmtitadhé osrmaspangingriosy id the.applivatielgA  one

or nore prlnted net ... 1he Qrm.c m.i s n Figure 32.
Each f or mr RS KRS RIS T b R han he A0 Rt R Rep el Pnsin
active, f la(smgh:-wors pt&m dsfttad for/aaamp&r thexmjlrcadm nfsyfrem 4 Sngecpagy dosfient divingt
pri nted. f orm becones T§ once i i gl}]to Slg_ ned. A f?r.m becoma?%f

subni t t ed "Sn& o BeYHng f”é %CQ%F’Sn‘“hVH i HIPETH Y HEBK WL i Wt L 4 IR ess
t he hyl@er linghaghaSach hperlmk bype s diedattarizea by whitinferni@ibn isAubbitted ekppEcarion.d
when the user invokes a void form reset formor duplicate form page

command. A for mmmone@om@gwhyﬂeauﬂci iRRarich 861 @écmdbaiStrarbﬁﬂﬁn apt3jsvehiekcaees t he
forms SpeCIHJ ifetime. Wil Ee'thorn]ls active, orﬂ;eln put .is_all owed.
| nput t hr SRRGHCEOF BT RFERHPERRCF O Rk ek fnsepeeaRpPEath U dnpaftiph P can
backgr ounguchii®! @erdpifd ddihe théapptit@ioaNfor BaGHId Nhafie cahh 8N pdndRigipafchades
active or froze formsuyubmssign is allowed. Any attenpt to submt a form
when t he f’lﬁ‘f‘%tﬁ“i‘% DX GPuzs, ?Sﬂ‘lgé‘pgfca‘fl?rﬁf'eq‘?hQIEOfri]éﬁj‘@E"t ed, and instead elicits a
form status re%&e Each forminstance i ? ﬁr efer abI y. associ ated (at  59)

Wit h form i ndCAMLER Melidps, g PP 3 Ayrrent selqe RS 875 18V BICREP ORI BRIVEI® or y .
Thi's al | owse &sterbidéludddehel RE@Stor ﬂ@ra%ogﬁte@?orﬁ ih<@Ine BEY iR al&hd hypktiiak activation,

although if the hyperlink has its “submit delta” attribute set, only input since the last form

submission is included. The system includes an effective return path in all hyperlink activations.

A hyperlinked group 866 is a group element 838 which has an associated hyperlink, as

25  shown in Figure 31. When input occurs through any field element in the group, the hyperlink 844
associated with the group is activated. A hyperlinked group can be used to associate hyperlink
behavior with a field such as a checkbox. It can also be used, in conjunction with the “submit delta”
attribute of a form hyperlink, to provide continuous input to an application. It can therefore be used

to support a “blackboard” interaction model, i.e. where input is captured and therefore shared as

30 soon as it oceurs.

1.7.2 Forms
A form defines a collection of related input fields used to capture a related set of inputs

through one or more printed netpages. A form allows a user to submit one or more parameters to
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All input is captured as digital ink. Digital ink 873 consists of a set of time-stamped
stroke groups 874, each of which consists of a set of styled strokes 875. Each stroke consists of a
set of time-stamped pen positions 876, each of which also includes pen orientation and nib force.

The digital ink class diagram is shown in Figure 33.

25 A field element 845 can be a checkbox field 877, a text field 878, a drawing field 879, or
a signature field 880. The field element class diagram is shown in Figure 34. Any digital ink
captured in a field’s zone 58 is assigned to the field.

A checkbox field has an associated Boolean value 881, as shown in Figure 35. Any mark
(a tick, a cross, a stroke, a fill zigzag, etc.) captured in a checkbox field’s zone causes a true value

30 to be assigned to the field’s value.

A text field has an associated text value 882, as shown in Figure 36. Any digital ink
captured in a text field’s zone is automatically converted to text via online handwriting recognition,

and the text is assigned to the field’s value. Online handwriting recognition is well-understood (see,
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“Editing” commands, such as strike-throughs indicating deletion, can also be recognized

in form fields.

Because the handwriting recognition algorithm works “online™ (i.e. with access to the

dynamics of the pen movement), rather than “offline” (i.e. with access only to a bitmap of pen

20 markings), it can recognize run-on discretely-written characters with relatively high accuracy,
without a writer-dependent training phase. A writer-dependent model of handwriting is

automatically generated over time, however, and can be generated up-front if necessary,

Digital ink, as already stated, consists of a sequence of strokes. Any stroke which starts

in a particular element’s zone is appended to that element’s digital ink stream, ready for

25 interpretation. Any stroke not appended to an object’s digital ink strcam is appended to the
background field’s digital ink stream.

Digital ink captured in the background field is interpreted as a selection gesture.
Circumscription of one or more objects is generally interpreted as a selection of the circumscribed

objects, although the actual interpretation is application-specific.

30 Table 2 summarizes these various pen interactions with a netpage.

Table 2 - Summary of pen interactions with a netpage
| Object | Type | Peninput | Action
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instance 830 to which the page ID 50 in the stroke refers; retrieving (at 886) the page description 5;

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

SCrver.

Figure 38a shows a detailed flowchart of step 893 in the process shown in Figure 38,

i
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command voids the corresponding form instance and then produces an active printed copy of the

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

printed, and the form status of the form instance.

Since a form hyperlink instance contains a transaction ID, the application has to be
30 involved in producing a new form instance. A button requesting a new form instance is therefore

typically implemented as a hyperlink.

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

with the background field value preserved. If the page contains a form or is part of a form, then the
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status cong@idednP q}écﬁée %orﬁélhsmé %gm{ %P er fvahrp Br 5 rf@m? ttﬂéryﬁw C}Ls& Iﬂ%ec r%l%g qpdi ng
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page contaﬂnnmgW#hEmB@fmdﬂw&mdmOTMNﬁmmﬂmmwmwmnenwmmbfpage server commands
to be printed. If the target page doesn't contain a page server conmand
el enent for the Hegictpage logh phigle aprearg en coaymetpate it el dseociatalmitinadupdicate

gnor ed. A ARRLE PRGN RERHLARARRLLRIGAY; Speci fic handiing by

enbeddi ng evant™ page erver comian enent in a hyperllnked group.
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el ement d $9_cann acti.v

i Toer] " Bl BN SRR ief 08, Bl DREF oAREN Hn MR B isBitud plagy s
command embwdgaded by,ar ditérﬁﬁwehytrepﬂa@é byl & stahdard NREUR TndicAbnd agecssfal sgiature
conmmand has on sel ected"” attribute set. 20 MAY 2005 1.8 STANDARD
FEATURES C$¥¢&§E9 GES In the preferred form each netpage is printed with
t he net page | ogo e botton1 0 ndi.cat e tha a net

er o7 or a2b a6 2o Bhntierf et B Pond POYRE Fiesar of e SomSha ARG O imen
buttoni5 | ﬁnstm&t with dackgronhd ElbidngTuct pesdrogio Hpmediaaeﬁenacm@ys my folis, Bagehe | N
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appl i cat i dBeunkt chnPhabiSERett ik Form¥ ST HEMsame way a reset form command does. A get document
20  status command produces a printed report on the status of the corresponding document instance,
including who published it, when it was printed, for whom it was printed, and the status of any

forms it contains.

If the page server command’s “on selected” atiribute is set, then the command operates

on the page identified by the pen’s current selection rather than on the page containing the

25 command. This allows a menu of page server commands to be printed. If the target page doesn’t
contain a page server command element for the designated page server command, then the

command is ignored.

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

30  with the hyperlinked group rather than executing the page server command.

A page server command element is hidden if its “hidden” attribute is set. A hidden
command element does not have an input zone on a page and so cannot be activated directly by a

user. It can, however, be activated via a page server command embedded in a different page, if that




In a preferred enbodi ment, the netpage printer has a single button | abel ed
"Hel p". Wen pressed it elicits a single page of informationggigig jo39:
status of Nmsopit er connection status of printer consumables 15 top-Ievel
hel p menu docunent function nenu top-level netpage network directory The
hel p menu provides a hierarchical manual35on how to use the netpage system
The docunent function nmenu includes the followi ng functions: 20 print a
copy of apdecdReitommaRl hidits¥of bdRfede abudfse@ fOorm print the status of a
docunent K docunent function is initiated by sinply pressing the button and
t hen touching any page of the docunent. The status of a docunent indicates

who publ i ghged | tSTANDARD ERATURES\WRFrANBTPAGE®XD Was del i vered, and to whom and
when it was sub e i t1ed for e e, net wor irectory
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t he net worikdicassthatnit &l 4 etpagt anvdetherefoee hisantemetiveqadrertieh el hedograd® avest asair dopy 900"
nunber  "yell o ages" and,spgak o a human operator. The operator ¢

locat e 5 nuipegih B Geen AORIPER RS S, RollPL BRI Hlowe N IPRRLH Lhocher ng
on t he dobumeaniroduggss cophef thebhtirs Fueih. And inhis: dasesft apagise ddeemed Gusingl  tickgtek | ow
pages" service fee. N PSCO27 -36 20 MAY 2Q05.The hel p page is obviously
unavai | abl®@“8%- t[’%guttﬁpieﬁ‘fﬁéran%ﬁﬁﬁém@t??f Y e %St his case the “error”

light is lit and.the.user can request renote diagnosi,s over the npetwork. 2.
PERSONAL| ZED Pug[ e R R teRES PP RRSTPE E‘ﬂ}iﬁd%& %8563@%}% beﬁﬁ"“ﬂékﬁg’%esp"@% ed
as a canonrémal Sgreuial dopatiinotion® ¥aMahdled 1 linkingShe lagEbuttdn peihSpplakiichat | on
mechani snms i n the netpage system Although news is often used in the
limted sense of newspaper and newsmagazi ne news, the intended scope in
t he priserttd contidser HELPvBydeEmM | n t he net page system the editorial content
and the adverti 09, G0M&Mbo@ineft, &@%tpagg%meg: Rlsi s 0tBE 5008 A WHish NG
di fferent mechani sns. The editorial content is personalized according to
t he readePressedsitslici & sigglapage ebinfprrationpineleding'y captured interest profile.
The advertising 10 content is personalized according to the reader’'s

| ocal ity and dertogr afshisef printer cEmeTI@R| AL PERSONALI ZATI ON A subscri ber can
draw on two kinds of news sources: those that deliver news

. status of printer consumables
15 . top-level help menu
. 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:

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

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

25  was delivered, and to whom and when it was subsequently submitted as a form.

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

30  small “yellow pages” service fee.



publications, and those that deliver news streanms. \Wile news publications
are aggregated and edited by the publisher, news streans arezgg\ghqgﬁogd
ei t her by nesogms publi sher or by a speciali zed 15 news aggr egat or.
publications typically correspond to traditional newspapers and

newsmagazi nes, while news streans can b86many and varied: a "raw' news feed
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The netpage publication server supports the publication of edited news publications as
20  well as the aggregation of multiple news streams. By handling the aggregation and hence the
formatting of news streams selected directly by the reader, the server is able to place advertising on

pages over which it otherwise has no editorial control.

The subscriber builds a daily newspaper by selecting one or more contributing news

publications, and creating a personalized version of each. The resulting daily editions are printed

25  and bound together into a single newspaper. The various members of a household typically express
their different interests and tastes by selecting different daily publications and then customizing

them.

For each publication, the reader optionally selects specific sections. Some sections

appear daily, while others appear weekly. The daily sections available from The New York Times

30 online, for example, include “Page One Plus”, “National”, “International”, “Opinion”, “Business”,
“Arts/Living”, “Technology”, and “Sports”. The set of available sections is specific to a

publication, as is the default subset.



sophi stication of the reader, for exanple to provide children's and adults’
versions. The appropriate version is selected according to tbg mMAFIR05S
age. The mgadegr can specify a "readi ng age" which 15 takes precedence over
their biological age. The articles which nake up each section are selected
and prioritized by the editors, and ea@Ri-is assigned a useful lifetine. By
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within a Erectlo nodi fies the priorities assigned by the

%ﬁ%' t Qi
editors. lﬁ’éécés}mp i) WV]CQOOS The speed of the reader's Inter net
connection aff eczgns é&hl% maEllfho nt versmnms% _FC?IatHG expr?a 6

f;%’w% ali dy

delivered. The reader op |ona spe Fles a pre &r encerf

smal | er |sm&g@sat@n obtie lneaddarf fot la:emmimberoveie childzen’ S)éndmdmig:eserslmsnﬂte appdpiGee ,

t hen |mages may b g? e(riedtaé] }1 %r wer resaql u ion or
with great 81%'“086?11% 5SS Gh) . A Fr{gﬁ FR/%F‘%/ aﬁ 813 ?“{fﬁé‘ Eﬁa’i‘ﬁ‘fu‘t"@' si ze
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reader specifies how quantities, dates, tines and nonetary values are

| ocal i zed. This Th&\mﬁ&ﬁsﬂﬁ@ﬁﬁiﬁeyjprbgc}v\heﬁdneﬁe sebdcted aAd Pridritized bythe @ditaretand C, a
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reading difficulties caused by poor eyesight, the reader optionally
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qualifies for collaborative filtering is printed with rating buttons at the end of the article. The
buttons can provide an easy choice (e.g. “liked” and “disliked’), making it more likely that readers

will bother to rate the article.

Articles with high priorities and short lifetimes are therefore effectively considered

25  essential reading by the editors and are delivered to most relevant subscribers.

The reader optionally specifies a serendipity factor, either qualitatively (e.g. do or don’t
surprise me), or numerically. A high serendipity factor lowers the threshold used for matching
during collaborative filtering. A high factor makes it more likely that the corresponding section will
be filled to the reader’s specified capacity. A different serendipity factor can be specified for

30 different days of the week.

The reader also optionally specifies topics of particular interest within a section, and this

modifies the priorities assigned by the editors.



The | anguage in which a news publication is published, and its
correspondi ng text encoding, is a property of the publicatiopoanayriosa
pr ef er enceypppy essed by the user. However, the 15 netpage system can be
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Effective advertising is placed on the basis of locality and demographics. Locality
determines proximity to particular services, retailers etc., and particular interests and concerns
associated with the local community and environment. Demographics determine general interests

25  and preoccupations as well as likely spending patierns.

A news publisher’s most profitable product is advertising “space”, a multi-dimensional
entity determined by the publication’s geographic coverage, the size of its readership, its readership

demographics, and the page area available for advertising.

In the netpage system, the netpage publication server computes the approximate multi-
30 dimensional size of a publication’s saleable advertising space on a per-section basis, taking into
account the publication’s geographic coverage, the section’s readership, the size of each reader’s

section edition, each reader’s advertising proportion, and each reader’s demographic.



directly capture advertising. Even though the advertising aggregator is
taking a proportion of advertising revenue, publishers may fbgmAfegpsange
profit-neuwpsgb7 because of the greater efficiency 15 of aggregation. The
advertising aggregator acts as an internedi ary between advertisers and
publ i shers, and may place the sane adveBfi-senent in nultiple publications.
It is worth noting that ad placenent in a netpage publication can be nore
conpl ex than adnRbApRRENWith BiteP Reditbthé GapdgoRySerh hAcl s the B@eﬂﬁﬂg\%ﬁﬁé RAbS |
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system provi des sone automated support for these negotiations, including
support for aut GRREeGhAIGHd QAR AlerBGYL ddrsEAbe DRAMEaryMY QBRI th Several
particularly desirable for the placement of advertiserient's which generate
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server. \Wen the netpa i i | ays out each user’

blication serv
per sonal i zdormptipn indanliegpurdhasipg. &idherethes rpieds dhveantrinsiel valve ¢f leerndmertising spaset he
net page ad server. 2.3 USER PROFILES 2.3.1 Information Filtering 30 The
per sonal i zat i on Bykausewpersonalizatione rangulokdlzatianonse rhendlek ayipmaticadly s by t weémage of
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part of t Q]?acg %l nlilgre Oc];min 62%. \B’Li?enlfighoring the full complexities of negotiations between advertisers,
20 advertising aggregators and publishers, the preferred form of the netpage system provides some
automated support for these negotiations, including support for automated auctions of advertising
space. Automation is particularly desirable for the placement of advertisements which generate

small amounts of income, such as small or highly localized advertisements.

Once placement has been negotiated, the aggregator captures and edits the advertisement
25 and records it on a netpage ad server. Correspondingly, the publisher records the ad placement on
the relevant netpage publication server. When the netpage publication server lays out each user’s

personalized publication, it picks the relevant advertisements from the netpage ad server.

2.3 USER PROFILES

2.31 Information Filtering
30 The personalization of news and other publications relies on an assortment of user-

specific profile information, including:

. publication customizations



not to be found el sewhere. Collaborative filtering vectors are therefore
al so maintained by the relevant netpage publication server. 23 pMAYZR5
details, iNpgbpdi ng nane, street address, ZIP Code, state, country,

t el ephone nunbers, are global by nature, and are nmaintai ned by a netpage
regi stration server. Presentation prefedg@nces, including those for
quantities, dates and tines, are |likewi se global and maintained in the
sane way. The | acal icgdboRbvOfitdelyiddsi ng relies on the locality indicated
in the user's contact 20 detailsS, while the targeting of advertising
relies on personal i.pfif BLAON such as date of birth, gender, marital
status, incone, profession, education, or qualitative derivatives such as
age range and iNncone.LARRE prdf@lnckose users who choose to reveal personal
information for advertising purposes, the information is maintained by the
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associ & eduygmigationdnformatios is npiiaingd t7|tiengleGod petpaBg phbligatéan seyetn, print er,
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identifier, and 4 kellabemapegjeltariagiventorgpisos ofdhe/ eser srgtingsaifpgumber ofalews itoms hi ps
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by def aul whi | st.. e rinted on demand are.delivered.to the printer
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publ i sher 3s Bkelyste rwanht@praaeitt e nieze dollaboptivanfilteriag vveors ssafartf defvaluk bf for bradder . A

publ i sher does, not record t | D of . particula inter, but instead
Posol ves b0 1 e SREviect ayaferdiye TenBREder s et bRt batipsaty' 6
publ i cat i e¢levBimettabepyblibdtion bater806 (i.e. application provider 803) is
authorized to print to a specified printer or the user's default printer.

This Hut hori zatGwimcc detaide ifichuiddgetandd, sagyt ddisees, AP tQvde,USEE,. coAky) tdspHoneray

have several ,h pens 1, but a en is s ific to a.single user. If a user
e aut hor PIBATEGra bbbyt apf GF R Y S oFHeT RO RO+ ecogni 2os
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o prof 1 6 i FERTAGER ByeEergsy okt Cos dpn B S ) sy BEwot] o
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The localization of advertising relies on the locality indicated in the user’s contact
20  details, while the targeting of advertising relies on personal information such as date of birth,
gender, marital status, income, profession, education, or qualitative derivatives such as age range

and income range.

For those users who choose to reveal personal information for advertising purposes, the

information is maintained by the relevant netpage registration server. In the absence of such

25 information, advertising can be targeted on the basis of the demographic associated with the user’s
ZIP or Z1P+4 Code.

Each user, pen, printer, application provider and application is assigned its own unique
identifier, and the netpage registration server maintains the relationships between them, as shown in
Figures 21, 22, 23 and 24. For registration purposes, a publisher is a special kind of application

30  provider, and a publication is a special kind of application.

Each user 800 may be authorized to use any number of printers 802, and each printer

may allow any number of vsers to use it. Each user has a single default printer (at 66), to which



Wb pages and net page docunents encountered during Wb browsing to be
conveniently printed on the nearest netpage printer. 15 The pgtpagegsst em
can col | egtpsogn behal f of a printer provider, fees and comm ssions on

i ncome earned through publications printed on the provider's printers. Such
i ncome can include advertising fees, cHMick-through fees, e-conmerce

conm ssions, and transaction fees. If the printer is owned by the user,
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hi er ar chy f 2 whi C 0, | he
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mai nt ai ns recophigs@nyofl thetseOP@non each user's behal f, containing links to

docunents etc. accessed by the user through the netpage system It is

organi¥kd as a dHicepeoriBds agbd o RRBR he d@rekpamtling asqurpedfde mathtagred doti anpnticubf

whi ch is shown |r}t; e classVla Bf\]@%ih@uﬁ;'a%%e 42. 20 MAY 2005 2.4

| NTELLI GENT PRAGE'LE fie “net page pub i'cation server automatically |ays

out the pages o otV e —

pre-for natWﬁdpaga::m@lngtpag dctchmgmtamezomitae@dum Whle bpagies Itxebeo«:cmvédimntlgqb'rihtedi al

content. The advertisi n% f’;ltl o for a section can be achieved with wildly

varyi ng advVeltt® re%&“?%ﬁe 68" "on i ndi VI dual pages within the section, and the
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Each user also has a netpage account 820 which is used to accumulate micro-debits and

20  credits (such as those described in the preceding paragraph); contact details 815, including name,
address and telephone numbers; global preferences 816, including privacy, delivery and
localization seftings; any number of biometric records 817, containing the user’s encoded signature

8§18, fingerprint 819 etc; a handwriting model 819 automatically maintained by the system; and

SET payment card accounts 821 with which e-commerce payments can be made.

25 23.2 Favorites List
A netpage user can maintain a list 922 of “favorites™ - links to useful documents etc. on

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

hierarchy of folders 924, a preferred embodiment of which is shown in the class diagram in Figure
41.

30 23.3 History List
The system preferably maintains a history list 929 on each vser’s behalf, containing links

to documents etc. accessed by the user through the netpage system. It is organized as a date-ordered



The entire process, including the selection of ads and the sel ection of
editorial content, nust be iterated once the |ayout has convepagaly 4005
attenpt tqpmape cl osely achieve the user's stated 15 section size
preference. The section size preference can, however, be matched on average
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must be iterated once the layout has converged, to attempt to more closely achieve the user’s stated

15  section size preference. The section size preference can, however, be matched on average over

time, allowing significant day-to-day variations.

2.5 DOCUMENT FORMAT
Once the document is laid out, it is encoded for efficient distribution and persistent

storage on the netpage network.

20 The primary efficiency mechanism is the separation of information specific to a single
user’s edition and information shared between multiple wsers’ editions. The specific information
consists of the page layout. The shared information consists of the objects to which the page layout

refers, including images, graphics, and pieces of text.

A text object contains fully-formatted text, preferably represented in the Extensible

25 Markup Language (XML) using the Extensible Stylesheet Language (XSL). XSL provides precise
control over text formatting independently of the region into which the text is being set, which in

this case is being provided by the layout. The text object contains embedded language codes to

enable automatic translation, and embedded hyphenation hints to aid with paragraph formatting.

An image object encodes an image, preferably in the JPEG 2000 wavelet-based
30 compressed image format. A graphic object encodes a 2D graphic, preferably in Scalable Vector
Graphics (SVG) format. Other formats may be used for text, images and graphics.

The layout itself consists of a series of placed image and graphic objects, linked textflow



extflow I D extfl ow Zone Optional text object |DMIXSL HyperlinkType one
Application 1D, etc. FieldType Meaning Zone atermarkone- 2.6 BORAENDOS

Dl STRI BUTINPMogs descri bed above, for purposes of efficient distribution and
persi stent storage on the netpage network, a user-specific page layout is
separated fromthe shared objects to whd@h it refers. 10 When a subscri bed
publication is ready to be distributed, the netpage publication server
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2.6 DOCUMENT DISTRIBUTION

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

netpage network, a user-specific page layout is separated from the shared objects to which it refers.

10 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

15 multicast channels which will carry the shared content used by that layout. The server then
pointcasts each user’s layouts to that user’s printer via the appropriate page server, and when the
pointcasting is complete, multicasts the shared content on the specified channels. After receiving its
pointcast, each page server and printer subscribes to the multicast channels specified in the page
layouts. During the multicasts, each page server and printer extracts from the multicast streams
20

those objects referred to by its page layouts. The page servers persistently archive the received page

layouts and shared content. Other techniques for distributing the data may be used.

Once a printer has received all the objects to which its page layouts refer, the printer re-
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simlar to the highest expected rate of page data delivery og@MAY 2005
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CRYPTOGRAPHY Cryptography is used to protect sensitive information, both in
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in much the same way as a periodical. However, since there is no shared content, delivery is made

20  directly to the requesting printer without the use of multicast.

When a non-netpage document is requested on demand, it is not personalized, and it is

delivered via a designated netpage formatting server which reformats it as a netpage document. A
netpage formatting server is a special instance of 2 netpage publication server. The netpage
formatiing server has knowledge of various Internet document formats, including Adobe’s Portable

25 Document Format (PDF), and Hypertext Markup Language (HTML). In the case of HTML, it can
make use of the higher resolution of the printed page to present Web pages in a multi-column
format, with a table of contents. It can automatically include all Web pages directly linked to the

requested page. The user can tune this behavior via a preference.

The netpage formatting server makes standard netpage behavior, including interactivity
30 and persistence, available on any Internet document, no maiter what its origin and format. It hides
knowledge of different document formats from both the netpage printer and the netpage page

server, and hides knowledge of the netpage system from Web servers.



cryptography. Secret-key cryptography, also referred to as symetric
cryptography, uses the same key to encrypt and decrypt a nessgofay buds
parties wpgplpsg t o exchange nessages nust first arrange to securely
exchange the secret key. 10 Public-key cryptography, also referred to as
asymmetric cryptography, uses two enccyption keys. The two keys are

mat hematically related in such a way that any nessage encrypted using one
key can only be glegiryted using the other key. One of these keys is then
publ i shed, while the other is kept private. The public key is used to
encrypt any, nmess for the hol der of the private key. Once
encrypt ed%yu13| ng ?%&TBgé‘gﬂ%ekey a nmessage can only be 15 decrypted using
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private key with respect to that particular message by decrypting the encrypted hash uvsing the
public key and verifying the hash against the message. If the signature is appended to the message,
then the recipient of the message can verify both that the message is genuine and that it has not

been altered in transit.

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

certificate has indeed been signed by the certificate authority, whose public key is weil-known.

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



5 the server's certificate, authenticates it with reference to the
certificate authority, uses the public key-exchange key in the mAyt2dgscat e
t o exchanggggssecret session key with the server, and then uses the secret
session key to encrypt the nmessage data. A session key, by definition, can
have an arbitrarily short lifetinme. 3.3gNETPACE PRI NTER SECURI TY 10 Each
netpage printer is assigned a pair of unique identifiers at tine of

manuf act ursemiptiet Bng %&&E@@%&gﬁ £RRH:Q0bY KOR ”@écYethE[v E@ﬁogamt i nlsanfér b the
net page regi stration servéer database. The first D62 1s public and

uni quel y iothenpyrpéses the printer on the netpage network. The second IDis
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t he reglstrbat l%ﬁﬁ@Qase 20 The netpage registration server acts as a
certificat® au f%or ty i net page printers, since it has access to secret
information allowing it to verify printer identity. Wen a user subscribes

to a publ |3c ti OrNEﬁAEE"P?:hH‘EB%EEHﬁﬁw in the netpage registration server
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net wor k. net page pen ca a nu of "het pagée printers
printer cdahe rekistoasion datalmsmber of pens. A pen comunicates with a printer via

a radi o frequency signal whenever it is
20 The netpage registration server acts as a certificate authority for netpage printers, since it

has access to secret information allowing it to verify printer identity.

When a user subscribes to a publication, a record is created in the netpage registration

server database authorizing the publisher to print the publication to the user’s default printer or a
specified printer. Every document sent to a printer via a page server is addressed to a particular user

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

from the publisher’s certificate stored in the registration database.

The netpage registration server accepts requests to add printing authorizations to the

30 database, so long as those requests are initiated via a pen registered to the printer.

3.3 NETPAGE PEN SECURITY
Each netpage pen is assigned a unique identifier at time of manufacture which is stored



5 within range of the printer. Once a pen and printer are registered, they
regul arly exchange session keys. \Wenever the pen transmts Qoqmwlzogy( to
the printempsothe digital ink is always encrypted using the appropriate
session key. Digital ink is never transmtted in the clear. A pen stores a
session key for every printer it knows,4Fndexed by printer ID, and a
printer stores a session key for every pen it knows, indexed by pen ID.
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session key encWygt eplen/\ddnhs wlitkinprenge Hf Iaqayhvexctllrﬂamem&«pyﬁntefr&iecopﬂiwhemer Ehbyar es

the sessign key.interpall |ndexe he, pen sm.t.s
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a pen |nthe e tration protocol, onl eal, en can, decr he
et on kS BF Zhalef Bt & wRy e H bR fiam: oihel ot fESt SRS S iRE TR el per
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to which tpheefi®dy pen is automatically linked, or to add a new pen to an
exi sting user. The pen uses secret-key rat her t han public-key encryption

because of har dWﬁr;ﬁldltilaﬁrtf) Gfs'fRBGE IDOMhS tfedli doh@ink 1 $bRt REPexcNRRO Xéy.- ik 2@ VAY
2005 3.4 SECURE DOCUNENTS The n t age S stem supports t he deli ver
secure dot ﬁ%eskegaeﬂsc’ag“?@a@tf belkhee AR S dafehepragfings 9 st aF‘HEﬂ udes

a faci0 t youriag Rigistrhtionathe peRfkSmitd 4 po 1Dl to %I pinfe ah@ tHRprinReSShits the pen ID
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 pen 1D, and transmits the encrypted session key to the pen. The pen stores the session key

25 intemally, indexed by the printer ID.

Although a fake pen can impersonate a pen in the pen registration protocol, only a real

pen can decrypt the session key transmitted by the printer.

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

or to add a new pen to an existing user.

The pen uses secret-key rather than public-key encryption because of hardware

performance constraints in the pen.



from publishers who are suitably authorized. The publisher indicates its
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predioujonmmﬁ%qgggghﬁgf§mgpg$@rgers. A secure docunent verification pen can
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easy poi nt - of - pragemeatii QRigQs 4 RRmark &f ihhd i€RthbORsibIGWaRH loYkiREhtdAB onk Bie
wat ermark nor the user's photograph are secure in a cryptographic 25

sense. Théythsipags yndgs logh when shegiagmis coriedty nopBalaeeRs- t o casual forgery. Online
docunent verification, particularly using a verification pen, provides an
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submtted by users are delivered reliably to fornms handlers 0 and are
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When presented with a secure netpage document, the recipient can verify its authenticity

by requesting its status in the usual way. The unique ID of a secure document is only valid for the

20 lifetime of the document, and secure document IDs are allocated non-contiguously to prevent their
prediction by opportunistic forgers. A secure document verification pen can be developed with
built-in  feedback on verification failure, to support easy poinf-of-presentation document

verification.

Clearly neither the watermark nor the user’s photograph are secure in a cryptographic
25 sense. They simply provide a significant obstacle to casual forgery. Online document verification,
particularly using a verification pen, provides an added level of security where it is needed, but is

still not entirely immune to forgeries.

3.5 NON-REPUDIATION
In the netpage system, forms submitted by users are delivered reliably to forms handlers

30 and are persistently archived on netpage page servers. It is therefore impossible for recipients to

repudiate delivery.

E-commerce payments made through the system, as described in Section 4, are also

impossible for the payee to repudiate.



The net page system uses the Secure El ectronic Transaction (SET) system as
one of its payment systens. SET, having been devel oped by MagpanAyrzoosd
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t he recor d. The SET cardhol der registration process is 30 conpl eted, and
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bi onetric to conplete a paynent, for exanple by NPS027 -50 20 MAY 2005

si gni pg a net pa%e%gs% spgénmhseg B mBicHo@hihSREME Bl 2R fthdrie B pAtlals.
information, the pen’|
Because the system is pen based the biometric used is the user’s on-line signature, consisting of

time-varying pen position and pressure. A fingerprint biometric can also be used by designing a
fingerprint sensor into the pen, although at a higher cost. The type of biometric used only affects

the capture of the biometric, not the authorization aspects of the system.

25 The first step to being able to make SET payments is to register the user’s biometric with
the netpage registration server. This is done in a controlled environment, for example a bank, where
the biometric can be captured at the same time as the user’s identity is verified. The biometric is
captured and stored in the registration database, linked to the user’s record. The user’s photograph
is also optionally captured and linked to the record. The SET cardholder registration process is

30  completed, and the resulting private signature key and certificate are stored in the database. The
user’s payment card information is also stored, giving the netpage registration server enough

information to act as the user’s proxy in any SET payment transaction.

When the user eventually supplies the biometric to complete a payment, for example by



the bionetric data to the netpage registration server. The server verifies
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private signature key
the user’s input.

20 When input occurs through a page which is not user-specific, however, the application
must use the user’s unique identity to establish a context. A typical 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 preferably not divulged to
applications. This is to prevent different application providers from easily correlating

25  independently accumulated behavioral data.

The netpage registration server instead maintains an anonymous relationship between a
user and an application via a unique alias I} 65, as shown in Figure 24. Whenever the user
activates a hyperlink tagged with the “registered” attribute, the netpage page server asks the
netpage registration server to translate the associated application ID 64, together with the pen ID

30 61, into an alias ID 65. The alias ID is then submitted to the hyperlink’s application.

The application maintains state information indexed by alias ID, and is able to retrieve

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



of a user's applications, to allowit to sign application transactions on
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25 cooper dtequeaky ofuhbtidagiomuser interaction with the netpage system Each
protocol is illustrated by way of a sequence diagramin which the

hori zontal dinension is used to represent nessage flow and the verti cal

di mensi on 4% us REIWRCEPESSRIATIONS AND CORP¥BIGHENt ity i s represented by a
rectangl e cont ai Aipfgericl @mbadierlof § Rgoet debeyipAdithias YREMNGAshoGAliPRure 40.
representing the lifeline of the entity. During the tine an entity exists,
the lifeli nel [ fS inRﬁV\m)caﬁerﬁ ad d@ﬁéileg)bﬁeicilﬂenﬁy% ideg@rib&ie bl i dSHﬁ an ned irtaébluicg
active,.the lifeli i,s sho as _.a dou i ne ecause the protocols
onst ot e oo R PR B s GTHBy Dl i DU Fore ety Sogecrhl |y
cut short vaschso BdkignadtodiciRbtk idisyoveBaATRRclréhiPREJukd@l. IAibBn CBreanddidata @6@brmshb

PS027 20 I\%AYWZ%)S ~-52 5.1 SUBSCRI PTI ON DEL| VERY PROTOCOL
the World Wide Web Consortium (W3C) Resource Description Framework (RDF). Other metadata

element sets may be used.

A resource description may identify rights holders 920. The netpage system
20  automatically transfers copyright fees from users to rights holders when users print copyright

content.

5. COMMUNICATIONS PROTOCOLS
A communications protocol defines an ordered exchange of messages between entities.

In the netpage system, entities such as pens, printers and servers utilize a set of defined protocols to

25  cooperatively handle user interaction with the netpage system.

Each protocol is illustrated by way of a sequence diagram in which the horizontal

dimension is used to represent message flow and the vertical dimension is used to represent time.

Each entity is represented by a rectangle containing the name of the entity and a vertical column
representing the lifeline of the entity. During the time an entity exists, the lifeline is shown as a

30 dashed line. During the time an entity is active, the lifeline is shown as a double line. Because the
protocols considered here do not create or destroy entities, lifelines are generally cut short as soon

as an entity ceases to participate in a protocol.



A preferred enbodi nent of a subscription delivery protocol is shown in
Figure 43. A large nunber of users may subscribe to a periodi gglMAY 2005
publ i cati gypgplach user's edition may be laid out differently, but many
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1t then returns the newly allocated page IDs to the application for future reference.

Once the application has distributed all of the document structures to the subscribers’
selected printers via the relevant page servers, it multicasts the various subsets of the shared objects
on the previously selected multicast channels. Both page servers and printers monitor the

25 appropriate multicast channels and receive their required content objects. They are then able to
populate the previously pointcast document structures. This allows the page servers to add

complete documents to their databases, and it allows the printers to print the documents.

5.2 HYPERLINK ACTIVATION PROTOCOL
A preferred embodiment of a hyperlink activation protocol is shown in Figure 45.

30 When a user clicks on a netpage with a netpage pen, the pen communicates the click to
the nearest netpage printer 601. The click identifies the page and a location on the page. The printer
already knows the ID 61 of the pen from the pen connection protocol.



the particular page I D 50. The address may already be in its cache if the
user has recently interacted wth the sane page. The printer 20iMAYf2Z005ar ds
t he pen | Byprsoks own printer ID 62, the page ID and click location to the
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page server to obtain the corresponding user ID and printer ID 62. The first page server rejects the

request if the hyperlink request has expired or is for a different application.

The second page server allocates document instance and page IDs 50, returns the newly
allocated page IDs to the application, adds the complete document to its own database, and finally

25  sends the page descriptions to the requesting printer.

The hyperlink instance may include a meaningful transaction ID 55, in which case the
first page server includes the transaction ID in the message sent to the application. This allows the

application to establish a transaction-specific context for the hyperlink activation.

If the hyperlink requires a user alias, i.c. its “alias required” attribute is set, then the first

30 page server sends both the pen ID 61 and the hyperlink’s application ID 64 to the registration server
11 to obtain not just the user ID corresponding to the pen ID but also the alias ID 65 corresponding

to the application 1D and the user ID. It includes the alias ID in the message sent to the application,

allowing the application to establish a user-specific context for the hyperlink activation.




5.3 HANDWRI TI NG RECOGNI TI ON PROTOCOL When a user draws a stroke on a

net page wth a netpage pen, the pen communi cates the stroke 20 MAY 200F est
net page pmpaber. The stroke identifies the page and a path on the page. The
printer forwards the pen ID 61, its own printer 1D 62, the page ID 50 and
stroke-path 5 to the page server 10 ins5g4he usual way. The page server
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818 to verify the strokes as the user's signature. Once it has verified
the si gnaregsratiomenergiusisthy Feio dereepstios pagesoucr. Birapesnicorrrmisghe texd user
I D 60 to iydepliiiive bhge dsetels application-specific private signature key. It
25 then uses the key to generate a digital signature of the formdata, and
returns the digital signature to the requesting page server. The page

server{mssigns tﬁénﬂﬂﬁbtﬁhr%ﬁwpﬂ&&mt he si gnature field and sets the
associ ated form statys .to frozen ure. incl

o Tes 1D 65 of cRartls Rl arRgt lue Saph ke s tGR G Spdle e e
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preferred enbodi nent of a form subm ssion protocol is shown in Figure 46.
For m subm ssi on Aft urerivd &f iaadtioityrirhip esilei dfkheadgriatuad figd,. thd page Reiser ohdsaks t he

pr ot ocol Zgn %A\Xl %I(I)CP ’Ele Igelfglggzsztroi{gsSto the registration server 11 for verification. It also sends the

20  application ID 64 associated with the form of which the signature field is part, as well as the form
ID 56 and the current data content of the form. The registration server identifies the user
corresponding to the pen, and uses the user’s dynamic signature biometric 818 to verify the strokes
as the user’s signature. Once it has verified the signature, the registration server uses the
application ID 64 and user ID 60 to identify the user’s application-specific private signature key. It

25  then uses the key to generate a digital signature of the form data, and returns the digital signature to
the requesting page server. The page server assigns the digital signature to the signature field and

sets the associated form’s status to frozen.

The digital signature includes the alias ID 65 of the corresponding user. This allows a

single form to capture multiple users’ signatures.

30 5.5 FORM SUBMISSION PROTOCOL
A preferred embodiment of a form submission protocol is shown in Figure 46.

Form submission occurs via a form hyperlink activation. It thus follows the protocol




defined in Section 5.2, with some formspecific additions. In the case of a
form hyperlink, the hyperlink activation nessage sent by the ROQAYNOS

10 to thepnpgppr cation 71 also contains the formID 56 and the current data
content of the form If the formcontains any signature fields, then the
application verifies each one by extracggng the alias ID 5 65 associ ated
with the corresponding digital signature and obtaining the correspondi ng
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hyperlinkge fi réémﬁlgélb\(FﬁA%ENﬁﬁRgﬁ%' bed in Section 5. 2. V\hen the target
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server |ID 5&% and the hyperlink reqagggst I'D. The registration server
credits t RBY EIPPISSHHIN OFUMEIATS @ io6A B rravablreiros thecublisher tpothe pravidgy glgthe

notifies thgter.application provider. If the appllcatlon provi der needs to
credit the printer provider, it sends the printer 25 provider credit to

the original pageespatfik Ee@%ii[ﬁsz Widséll foheuth Y B8 drl BlmiRH @Uit ildm thb @r@Rge
server uses the hyperlink request IDto identify the printer, and sends the

credit on2PRjicetien preYidsy iz (c-g B§Tchantpthsroutss mlw%t@géfq’f&er Vbt(he- tPHRlIsher)-er

I'D. This I e@hbrsithé $utRApRRENS prévi®d ibStoltS @k hRSReNM, Ng  printer provider
account 814. The source application provi der is optionally notified of the

identity of the 1iargett apploatiBiPld&Gidds tﬁ@hﬂfeﬁiﬁ'kqgc[uest@@rcinbﬁwﬁfa NiBler RO Rteler
of the identity of the source application provider. 005 NPS027 -56

6. NETPACthsPpmetpsdipstractingted, as pesKripdanARptos 5.2. When the target appllcatlon needs to

credit the source application provider, it sends the application provider credit to the original page
server together with the hyperlink request ID. The page server uses the hyperlink request ID to
20  identify the source application, and sends the credit on to the relevant registration server 11
together with the source application ID 64, its own server ID 53, and the hyperlink request ID. The
registration server credits the corresponding application provider’s account 827. It also notifies the

application provider.

If the application provider needs to credit the printer provider, it sends the printer

25 provider credit to the original page server together with the hyperlink request ID. The page server
uses the hyperlink request ID to identify the printer, and sends the credit on to the relevant
registration server together with the printer ID. The registration server credits the corresponding

printer provider account 814.

The source application provider is optionally notified of the identity of the target

30  application provider, and the printer provider of the identity of the source application provider.



Referring to Figures 8 and 9, the pen, generally designated by reference
nunmeral 101, includes a housing 102 in the formof a plasticomaydoos
havi ng walypgpdP3 defining an interior 5 space 104 for nmounting the pen
conponents. The pen top 105 is in operation rotatably nounted at one end
106 of the housing 102. A sem -transpatgpt cover 107 is secured to the
opposite end 108 of the housing 102. The cover 107 is al so of noul ded
plastics, gand i syE@QABBPehDRSERBHbN F @ansparent material in order to enable
the user to view the status of the LED nounted within the housing 102. The
cover 107 cI u @g@g@cgart 109 whi ch substantially surrounds the end
108 of th ou3| nﬁ' B nd a oj ecting portion 110 which projects back
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and styl uspdie 11$£&memb|doeéry107Aarreoilﬁhg&ml ® caevdar metal :2b plese sec,urnelddih@ t he
pen top 105 in operation rranged. to, 25 tate therewith

Parr o P13 gorr Bt A to b RE RE 6Pt Do SematpbIn h thls G F1ie e
of thelxzambaemel. Cam fol lowers 127 and 128 projecting fromslider blocks
123 and 124 fit within the camslot 126. On rotation of the cam barrel

125, the slider Kk®gkontd?3id0h thk%évdﬁﬂﬂ’ﬁlsra&fl&biovaaﬁJQLEBa(B@01O£ het p¢® 1 pr.ajhect
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the top 1Q>5n1¢1rigp%dgﬁa§jugdp§,smlhgo the three states are: Stylus 120 nib 121
out; Ink cartridge 118 nib 119 out; and Neither ink cartridge 118 nib 119

out nor stylus 1PQ pgehRanlépkrdddiboth M PSORA mé(zmgenld\@%}{ 289 @02 forSAGRNG shyhRXAPCB
129, is mounted on an el ectronics chassis 130 which sits within the
20  ink pen cartridge 118 with nib 119 and a stylus 120 with stylus nib 121 are mounted side by side
within the housing 102. Either the ink cartridge nib 119 or the stylus nib 121 can be brought
forward through open end 122 of the metal end piece 114, by rotation of the pen top 105.
Respective slider blocks 123 and 124 are mounted to the ink cartridge 118 and stylus 120,
respectively. A rotatable cam barrel 125 is secured to the pen top 105 in operation and arranged to
25 rotate therewith. The cam barrel 125 includes a cam 126 in the form of a slot within the walls 18!
of the cam barrel. Cam followers 127 and 128 projecting from slider blocks 123 and 124 fit within
the cam slot 126. On rotation of the cam barrel 125, the slider blocks 123 or 124 move relative to
each other to project either the pen nib 119 or stylus nib 121 out through the hole 122 in the metal
end piece 114. The pen 101 has three states of operation. By turning the top 105 through 90° steps,

30 the three states are:
. Stylus 120 nib 121 out;
. Ink cartridge 118 nib 119 out; and

. Neither ink cartridge 118 nib 119 out nor stylus 120 nib 121 out.



housi ng 102. The second flex PCB 129 nounts an infrared LED 131 for
providing infrared radiation for projection onto the surface20MAYELDS
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receiver, and a controller chip 134 for controlling operation of the pen
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o deter e position o us ni or artridge. ni
129 by 1 g tigmefornan wepat B St iout ad grredn kBl i e e

vicinity @hotbdiede niddor detecifCAibfifcinbf ih 06 &k 0Brdata wheDahNBe BERE €30 or the

| ocat i tag, and is arr nedto calculatethe di st an f the n|b 121 or
119 fr@% t"ﬁ‘eCal“‘B@gétl g O PIHRG iy 5t ?‘@E‘%é‘ﬁteﬁ?faa“&BHf&’ﬁg res beingiapplieg Ao o5

The contr ald s‘ﬂffa&myﬁhé% RN oba@ss 4iRe2 RIThe Mt Bhdteiodel 14t RBleRS NelR Bt S TR
ni b-to-tag di stance fromthe perspective distortiaon observed on the imged

tag. Cont e reflestarg (et aha%)tmfaﬁteéga theglids flockide3 abhtFol bits
instructing the 1{)en 101 to activate its "active area" LEDrgthis_is in fact
one node of the RubpercBipdiadi BB anlgl42 g RAvigcisaids thesnd 408 olin hersing @A to

det er m negssig gﬁgplﬂg%ﬁe BNy fBtaRo itdNAlks 4 OB AL &S difsitg the piiabAGodkgRged is an
30 "active area hus, a region on the surface c% corresponds to the

active area of a button or hyperlink may be encoded to activate this LED,
gi vi n@g hg.21ser mdy eoerreepervi sual feedback that the button or hyperlink is

active when the " eﬁ%lpg%ﬁ% e?%grde‘ée;mmmgéogltl?ﬁ%tfats és%d&s niibnl? rolil %kt he

pen to capture COMt1 NUOUS orce re on on the surface

whi ch cor cesplgadid 118) by 1rraggg,an meenﬁrarprmpeetrwa ag ama bEthe mufadenh thoviciajhy of the

cont i nuous; 2P & re]::c())rrdsc ﬁle locatlon dataq{')o?n ‘lt\Ille nearest location tag, and is arranged to calculate the
distance of the nib 121 or 119 from the location tab utilizing optics 135 and controlier chip 134.

25 The controller chip 134 calculates the orientation of the pen and the nib-to-tag distance from the

perspective distortion observed on the imaged tag.

Control data from the location tag may include control bits instructing the pen 101 to
activate its “active area” LED (this is in fact one mode of the tri-color LED 116, which becomes
vellow when the pen determines, from the control data, that the area that is being imaged is an

30  *active area™). Thus, a region on the surface which corresponds to the active area of a button or
hyperlink may be encoded to activate this LED, giving the user of the pen visual feedback that the
button or hyperlink is active when the pen 101 passes over it. Control data may also instruct the pen
to capture continuous pen force readings. Thus a region on the surface which corresponds to a

signature input area can be encoded to capture continuous pen force.
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stroke consists of a sequence of tine-stanped pen positions @0 MAY 2005
surface, iypshpated by pen-down event and conpleted by a subsequent pen-up
event. Note that pen force can be interpreted relative to a threshold to

i ndi cate whether the pen is "up" or "dosg., as well as being interpreted as
a continuous value, for 5 exanple when the pen is capturing a signature.
The sequence of GARLHMIafdBLRSLARISy cbhBS:SQeriCal bibbkes eﬂok@éongl% of a
Digital ink can be used with a conputing systemto formthe basis t he
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transnltteﬂebaﬁbmumkﬁs@hamegntroIIer chlp 134 i's mounted on the second flex
PCB 129 in the pen 101. Figure 10 is a block diagramillustrating in nore
detail the archi lﬂlﬂ(zingrtﬁe BF chipd38 ami amdninen 1 Tihie perl BAL. cakitgounet the digithlsiok shows
repre

t at th chi i €. .Sensor. col or
o CoRTLRMRER St o el Pndb eed Boetai T CREmRRoT i‘%‘@s COlie SERB 43,
and the force s hot odi ode 144. The pe n ip,13 es a
A g T T e it S e g T R PG T
conponent Iswmfn thd@nd0 ghroxésl Rt oi}:rbﬁga, digifl idkl Aaghis Biﬁ’fﬁﬁ&’dywﬂl‘ﬂizzlrlglpéh @héiﬂez clfBlciﬂRAM
148 are al.s e n.anal o converter 1S ran to
Camveart el b Gdea RTSerR ikl itk Bt R aR RS o it o B tion
di gi tal siogfalsurfiie) addmgebsedasalitel Bteer f ace 152 interfaces with the i mge
sensor 132. A transceiver controller 153 and base band circuit 154 are

al so i1l uded t ortietberdREEhipM 34hs bentddonahd fcdnaFewtPCsh29 %&héﬁ@imeﬁg@mﬁ
circuit 155 EgngF res nat ors and i ndu tor@ 156 co necte t. he ant enna
112. The &oh #lﬁﬁ@nﬁ weaingdp mpasdetaiihe prelitegiyee ofe ?:Pé‘E“"I ecse Pilah ewral? r om

tags fromglshehovsUtprakBtalém of i mgﬁlasems @hagt 3ensoB] the i cdifietdhQIED sBNSor
phot odi ode 144, contrals the LE 131 and 143, and handl es

shor t - r andl IRAHwBingtismkER Bt the R fPFCé SFIH"@' RS P?dathe%ﬂfe\ﬁe%wmﬁetodmde 14 a

medi um performance (-40MRz 8gneral urpose RI SC processor.
processor 145, diliReAIcOTARSERR V&t MEBATThERire!lipg PR ‘\%érB%Wﬁre&Phierth%s

and lpseladdn n%él I bhethvedn conlpbRGI® FARSQhtrdllRE 8fip 25E FhSmehdg 987 BRI 1Y K7
and 512KB DRAM 148 are integrated in a single controller ASIC Analog RF

conponent PR 14§ pregisp 111@516%@ Relogdesdighal spaverteind?iiyaitaeesdrie cang theragalog
provi ded isndilRSHP @ sensBFpHolidRde N 8Q AU zital signal.

An image sensor interface 152 interfaces with the image sensor 132. A transceiver
controller 153 and base band circuit 154 are also included to interface with the RF chip 133 which

25  includes an RF circuit 155 and RF resonators and inductors 156 connected to the antenna 112.

The controlling processor 145 captures and decodes location data from tags from the
surface via the image sensor 132, monitors the force sensor photodiode 144, controls the LEDs 116,
131 and 143, and handles short-range radic communication via the radio transceiver 153. It is a

medium-performance (~40MHz) general-purpose RISC processor.

30 The processor 145, digital transceiver components (transceiver controller 153 and
baseband circuit 154), image sensor interface 152, flash memory 147 and 512KB DRAM 148 are
integrated in a single controller ASIC. Analog RF components (RF circuit 155 and RF resonators
and inductors 156} are provided in the separate RF chip.



20 MAY 2005 -59 The imge sensor is a CCD of with an approxi mate resol ution
of 215x215 pixels (such a sensor is produced by Matsushita EReqiAy 2005

Cor porati gpsoand is described in a paper by Itakura, K T Nobusada, N
Okusenya, R Nagayoshi, and M Ozaki, "A 1nm 50k-Pi xel IT CCD I rage Sensor
for Mniature Canmera Systent, | EEE Tran5@ctions on El ectronic Devices, Volt
47, nunber 1, 5 January 2000, which is incorporated herein by reference)
with an IR filtefye idhi2 s@@m 1:@ld@d o AR anl A RMRE Rsutfbdi23cRN1 S sikal auafier a
period of inactivity when the pen 101 is not in contact with a surface. It
i ncor por af¥sors a@dv@étbéadaéﬁuﬁlu@ﬁlecﬁr%c {fRiperatipng and tsrdgscribed in grigier b¥ &alywz. K
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a pen-down event. 10 The radi o transceiver conmunicates in the unlicensed
900MHz baifet Mavatere | Gemeredystoyn”, ddt [TeapsactiensephblsetsonicoPevites.el plattly aimber . t he
unl i Cersseql?]&mg?ggo WRRHSE fbtboraSEheh bl [efertid) W RImiek | SV band, and uses

frequency I on detection to provide |nterference free
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i npl enent ed by optics bo opt | [enen
optics bod91 36t iarcentidt M;tbtarsmf?@d Igmmmnetfaﬂdd}caied cmlgdﬁ@wlmh mphigors fheiferse

conpri se %%M p%‘ia%:dﬁﬁél v{% sfu%égé&ﬂlgroﬁ 4520190 ;{oﬂw%%&%geﬂ 13 /% gn h&P 131,

amrror eam sp an obj ective Tens and ‘a econ | ens
161 for fewmsi ng an i mage onto i mage sensor 132. Axial rays 162 illustrate
the optical path. 20 The optical path is designed to deliver a sharp inmge
to thell mage ser@emadidawteivdrabmpanicates] @3hohnlichesed Az bandfraosallphisechby

: 2: g:: )S eCEI_E dpelss IeiePLonFst%Vallt%r\l/lvathe emltgez hnl\llgerhsgcli 25{62%? :n(\i/uesg Islcite tétaj:na%ﬁsmedgcaia
al so used(]iSM)rlamé,r snel ti@s fpeqmqneﬁﬂmpﬂnhgmnmabﬂmm fdmmomhie ﬁrE&ndd linterfanaice-6re LED
131 onto the surface within the field of view Since it is inpractical to
pl ace bot TR f%@&e sensor 132 and the IR LED 131 at the focus of the 25
objective, a beamsplitter 159 is used to split the path and separate rel ay
| enses 15 nd ch path provides refocusing at the inmage sensor
132 and tééﬁJR &&é(?ﬂT§$es pectively. This also allows different apertures

to be %hposed oﬁ%ﬁ@uf%a*ﬁ%ﬁ&e Perhertistge dmplemenied Py geldsd Artiss bad133cheys

the field o%&ﬁm{:@ﬁxeﬁtmbf%@toﬂﬁ& tfdd?llgiS al%rlﬂusttr%d s&@ﬂﬁwaﬁy RAtBuk SzdeRd (ﬁ'ﬁ’l@g SO
that the resultin bj e space_angul ar fiel viewls as require

30 just umemBprse@ réirleltsﬂé7é‘ﬁfpfp?‘éallglr@fhat@fl from 'éle@rfﬁéﬁﬂlllr@]ﬂf)l aTIHEOY lﬂgu@ri’?ﬁml on

path is desiQpesh, E&oﬁjé&ﬂr@%s 186‘%@%%@0:19%%%1 $RAG&isihk & it oth%g%%eﬁsBP
capture path, so "t hat ilTTumnation fills the object sSpace field o

view w t hlﬁ%ﬁxmmygb@%ilum@thﬂﬂmmlmﬁly. The IR LED 131 is strobed in

synchrony with frame capture. The use of focussed
20 The optical path is designed to deliver a sharp image to the image sensor 132 of that part

193 of the imaged surface which intersects the field of view cone 192, within required tilt ranges
(see later). The primary focusing element is the objective lens 160. This is also used in reverse to
project illumination from the IR illumination LED 131 onto the surface within the field of view.
Since it is impractical to place both the image sensor 132 and the IR LED 131 at the focus of the

25 objective, a beam splitter 159 is used to split the path and separate relay lenses 157 and 161 in each
path provides refocusing at the image sensor 132 and the IR LED 131 respectively. This also allows
different apertures to be imposed on the two paths.

The edges of the image sensor 132 act as the field stop for the capture field, and the

capture path is designed so that the resulting object space angular field of view is as required (i.e.

30  just under 20° for the application of this embodiment). The illumination path is designed to produce
the same object space field of view as the capture path, so that the illumination fills the object

space field of view with maximum power and uniformity.

The IR LED 131 is strobed in synchrony with frame capture. The use of focussed
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a small aperture. The short exposure tinme prevents notion bl go,MAYUED05
al | owi ng p@s&bt on tag data capture during pen novenent. The small aperture
allows sufficient depth of field for the full range of surface depths
induced by tilt. The capture path inclgges an explicit aperture stop 191
for this purpose. 5 Because the i mge sensor 132 has a strong response
t hr oughoutijfnfiRatioh SliBlv§ b@ﬂﬂda ORAT expbdild ﬁfn@qm@aar Ima@f apeRire SPRE oM Bxpbdurd fme
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121 or i nlcampmaﬂldlg:@dnszblelim@m@‘peltﬂhestpleh9111©11th1533um¢86c0nt act with a surface,
the pen determines its position and orientation relative to the surface at
100 Hz & o al | ow Begsusarthg enagasehapt 132nkpsreegigairesporse (threeghohtethg visitd¢ endygear
Tappert, G [uen, and r Hand
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i ncor pora I. Qi s-.r ef n e r.C r _phot odi ode 144
| S ut| i zé% t%g:(?e‘ﬁlel%nl? ¢ pnn%éf SlI\1/%1 Swm?%%rgg%% Ig[a %gng c%{aﬁe@r the pen is

"up" or "down". The force may al so be captured as a continuous val ue, as
di scussed ove, he full dynam cs of a signature to be verified,
for .éfnéﬁg 1?m§¢kﬁ§%ﬁ%% etermnes the_ position_and orientation of

1

nib 1 121 on Vhe Yartdediby?! oninkragiideg, nib 1 Abemer dPbé @ﬁ@&‘la?tu‘f‘ﬁthl %ﬁ

area of tRgsurhagsh idlerhnRs b pbstidnVan@foribfioni Bladve%o Heshurfadd a:d06 PLAS allb\@
nearest tag data and conputes the position of the nib 119, 121 relative to

the | ocat i*gfrale Bapdpriting reReension &yeg dhe psle Br Jerrge: Qi S totuen 9nd v aksbarendded

tag and t Re.kponwh AGER MRLIliYe ﬁindtmmp%&co@mdnesgéﬁﬁraﬁﬁ%ﬁods%%%m AlaRpugh the
position resolution of the | ow, the adjusted position

resol ut i ofMachingJnteldigericghVYolalge n@ahqu 8 Asgess dg., tﬂ*Féd@@Qﬁuthi’ Vgl iy mpeyporated
requi regl hekirPGOUCALERRRRANTI RG scBr PRAGAIE 1491; (BRI W0 Qe FIRRES)
Pen actions rel'ative to a'surface are caﬁture as a series of strokes.
st roke corlypshpll wilue whethguéheceenofs Tupi anpedhseterqsoniy rlsadeoririppd as a
surface, iBhfalSdYastiRaRe MR 8Y §Q5w ﬁm’é%ﬂ 991591'1&%‘?9 E%athxf%% Bt Qe':‘r%;defb}
pen-up event. A stroke Is al so t dgge t he region he surface
whenever tekanplegi on | D changes, i.e. jUSt at the start of the stroke under
normal circunstances. As 30 discussed above, each location tag includes
dat a i ndicative Of lcien éﬂlp@;&inmimwhemosnm agd pfigrdasion wtlitanil d 19, @ pwthe darfage by

i ndi c % b gur e
49 | saééj dﬁrgaggl%éhh]? e r a(tl ?éleé&'ggc%t ;IirgaﬁS gl\éﬁsgﬁécfg m%@c%gggfégglnlﬁ%??g 1? ?121? pen
101. The decodes the nearest tag data and computes the posmon of the nib 119, 121 relative to the location

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

25 recognition (see above reference).

Pen actions relative to a surface are captured as a series of strokes. A stroke consists of a
sequence of time-stamped pen positions on the surface, initiated by a pen-down event and
completed by the subsequent pen-up event. A stroke is also tagged with the region ID of the surface
whenever the region 1D changes, i.e. just at the start of the stroke under normal circumstances. As

30 discussed above, each location tag includes data indicative of its position on the surface and also

region data indicative of the region of the surface within which the tag lies.

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

pen controller 134 starts with an empty siroke (at 164). It then continuously samples (at 165) the



pen controller 134 starts with an enpty stroke (at 164). It then
continuously sanples (at 165) the N PS027 -61 20 MAY 2005 ni bofpaaye20052

t he force npgpr phot odi ode 144, checking for a pen-down state (at 166). If
the penis in a pen-down state, the pen controller 134 captures (at 167)
an imge of the surface, locates (at 183)- a tag in the captured inmage,
decodes (at 169) tag data fromthe tag, infers (at 170) the pen position
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Wi t hin ran@ecompu’alngswsiclpdtihn:gstawlm”nnomhreamﬂtmaroﬁqe@wﬂ)nternal menory is full
the pen ceases to capture digital ink and instead flashes its error LED
whenever the usetssaming rapeasortablyvﬁasit Bebitwtitiply (ecypler), tht profedsing alpotithst (seetliter)
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p onent en | D 28-
absol it e PR RBUACHAR FRTRERT B DhhePEF so0 e R eetitasda. 7
days tag libiché -ﬂashes)ﬂsf éiﬁﬁ PBDovieRd/6ndie user attempts to write with the pen.

15 Table 4 lists the components of the raw digital ink transmitted from the pen 101 of the
computing system. Figure 50 is a diagram illustrating the structure of the raw digital ink. Digital
ink which is buffered in the pen when the pen is working offtine is stored in the same form as

digital ink which is transmitted to the system.

20 Table 4. Raw digital ink components

raw digital ink unit precision range
component (bits)

pen [D - 128 -
nib ID - 128 -
absolute time ms 64 -
last system time ms 64 -
regicn 1D - 100 -
time offset ms 32 49.7 days
tag ID - 16 -
x offset 20 pm 59 +10mm
y offset 20 pm 89 1 0mum
x rotation {pitch) degree S7 +00°
y rotation (roll) degree S7 +90°
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134 notifies the systemof the pen ID, nib ID 175, current absolute tine
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thepcontroller 134 regords, in the form of a ra'!?v pen pOSitlSOH 177, the x and y offset of the pen nib

20 119, 121 from the current tag, the x, y and z rotation of the pen, and the nib force. It only records
the tag ID (which identifies a tag within a region) if it has changed, in the form of a tag change 178.
Since the tag frequency is significantly smaller than the typical position sampling frequency, the
tag ID is constant for many consecutive pen positions, and may be constant for the entire stroke if

the stroke is short.

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

30  ifnecessary.

Since the 32-bit time offset of a stroke has a finite range (i.e. 49.7 days), the pen
optionally records an absolute time, in the form of a time change 176, for a stroke. This becomes

the absolute time relative to which later strokes’ time offsets are measured.
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A 10mm stroke of 1 second duration spans two or three tags, contains 100 positions

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

15  requires a maximum transmission speed of 5.5 Kbps, and offline continuous digital ink capture
requires about 40 Kbytes of buffer memory per minute. The pen’s 512KB DRAM 48 can therefore

hold over 12 minutes of continuous digital ink. Time, region and nib changes happen so
infrequently that they have a negligibie effect on the required transmission speed and buffer
memory. Additional compression of pen positions can reduce transmission speed and buffer

20 memory requirements further.

Each raw stroke is encrypted using the Triple-DES algorithm (Schneier, B, Applied

Cryptography, Second Edition, Wiley 1996, the disclosure of which is incorporated herein by
cross-reference) before being transmitted to the computing system. The pen and computing system
exchange session keys for this purpose on a regular basis. Based on a conservative estimate of 50

25 cycles per encrypted bit, the encryption of a one-second 5500 bit stroke consumes 0.7% of the

processor’s 45 time.



25 cycl es per encrypted bit, the encryption of a one-second 5500 bit stroke
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7. NETPAGE PRINTER DESCRIPTION
7.1 PRINTER MECHANICS
20 The vertically-mounted netpage wallprinter 601 is shown fully assembled in Figure 11. It

prints netpages on Letter/A4 sized media using duplexed 8%4” Memjet™ print engines 602 and 603,
as shown in Figures 12 and 12a. It uses a straight paper path with the paper 604 passing through the
duplexed print engines 602 and 603 which print both sides of a sheet simultaneously, in full color
and with full bleed.

25 An integral binding assembly 605 applies a strip of glue along one edge of each printed
sheet, allowing it to adhere to the previous sheet when pressed against it. This creates a final bound

document 618 which can range in thickness from one sheet to several hundred sheets.

The replaceable ink cartridge 627, shown in Figure 13 coupled with the duplexed print

engines, has bladders or chambers for storing fixative, adhesive, and cyan, magenta, yellow, black

30 and infrared inks. The cartridge also contains a micro air filter in a base molding. The micro air
filter interfaces with an air pump 638 inside the printer via a hose 639. This provides filtered air to

the printheads to prevent ingress of micro particles into the Memjet™ printheads 350 which might
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during perio i nactivity asses | nto

assent#l) 67Bshafidheghme mgorgppkisdlds tamsbafe  vert | cal edge on the front si de
(apart fromthe first sheet of a docunment) as it is transported down 30
i nto the bindi ngThs gloeiwthyel@@Embly 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 radial holes. A molded housing 682
surrounds the glue wheel, with an opening at the front. Pivoting side moldings and sprung outer
25  doors are attached to the metal bracket and hinge out sideways when the rest of the assembly 673 is
thrust forward. This action exposes the glue wheel through the front of the molded housing 682.

Tension springs close the assembly and effectively cap the glue wheel during periods of inactivity.

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

30 into the binding assembly 605.

7.2 PRINTER CONTROLLER ARCHITECTURE
The netpage printer controller consists of a controlling processor 750, a factory-installed

or field-installed network interface module 625, a radio transceiver (transceiver controller 753,



7.2 PRI NTER CONTROLLER ARCHI TECTURE The net page printer controller consists
of a controlling processor 750, a factory-installed or field20may 2005

net wor k i mpappace nodul e 625, a radio transceiver (transceiver controller
753, NPS027 -66 20 MAY 2005 baseband circuit 754, RF circuit 755, and RF
resonators and inductors 756), dual ras6ér- i mage processor (RIP) DSPs 757,
dupl exed print engine controllers 760a and 760b, flash nenory 658, and
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provi ded in a separaiser BAn2&gili qont?(ﬁ?-:r 7€0wcomabwd<pdpmmmeaﬂmdwiter56125 i's
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a6t ory- s B TEHMBPER T B hereus o i e bt g b8 D 28 o «
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nodens, telli transcei vers, current d next ener tion
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on the | 0Gginection to be factory-selected or field-selected. Flash memory 658 and the 2x256Mbit (64MB)

DRAM 657 is also off-chip. The print engine controllers 760 are provided in separate ASICs.

A variety of network interface modules 625 are provided, each providing a netpage

network interface 751 and optionally a local computer or network interface 752. Netpage network

25 Internet interfaces include POTS modems, Hybrid Fiber-Coax (HFC) cable modems, ISDN
modems, DSL modems, satellite transceivers, current and next-generation cellular telephone
transceivers, and wireless local loop (WLL) transceivers. Local interfaces include IEEE 1284
(parallel port), 10Base-T and 100Base-T Ethernet, USB and USB 2.0, IEEE 1394 (Firewire), and
various emerging home networking interfaces. If an Internet connection is available on the local

30  network, then the local network interface can be used as the netpage network interface.

The radio transceiver 753 communicates in the unlicensed 900MHz band normally used
by cordless telephones, or aiternatively in the unlicensed 2.4GHz industrial, scientific and medical

(ISM) band, and uses frequency hopping and collision detection to provide interference-free
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data "squirted” from devices such as netpage caneras. In an alternative
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expansion and printing pipeline of the print engine controller 760 consists
of a higlpegpeess-| EEE 1394 serial interface 659, a standard JPEG decoder
763, a standard Group 4 Fax decoder 764, a custom hal ftoner/conpositor
unit 765, a custbininhgcedRd e ofehe printed page contains coded netpage tags at a density of

about six per inch. Each tag encodes the page 1D, tag ID, and control bits, and the data content of

each tag is generated during rasterization and stored in the compressed page image.

20 The main processor 750 passes back-to-back page images to the duplexed print engine
controllers 760. Each print engine controlier 760 stores the compressed page image in its local
memory, and starts the page expansion and printing pipeline. Page expansion and printing is
pipelined because it is impractical to store an entire 114MB bi-level CMYK+IR page image in

memory.

25 7.22  PRINT ENGINE CONTROLLER
The page expansion and printing pipeline of the print engine controller 760 consists of a

high speed IEEE 1394 serial interface 659, a standard JPEG decoder 763, a standard Group 4 Fax
decoder 764, a custom halftoner/compositor unit 765, a custom tag encoder 766, a line

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

30 The print engine controller 360 operates in a double buffered manner. While one page is
loaded into DRAM 769 via the high speed serial interface 659, the previously loaded page is read
from DRAM 769 and passed through the print engine controller pipeline. Once the page has
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are well within the operating frequency of the Memjet™ printhead, which in the current design

exceeds 30 kHz.

CONCLUSION
The present invention has been described with reference to a preferred embodiment and

25  number of specific alternative embodiments. However, it will be appreciated by those skilled in the
relevant fields that a number of other embodiments, 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

30 invention is only limited by the attached claims.
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clainms. 20 ¥,2006 NPS027 -69 CLAIMS 0 1. A coded data structure printed
onto a surface so as to be sensed by a sensigg device, the coded data
structure being rotationally symetric af _conprising coded data indicative
of an 5 identity of the surface and of a"reference point on the surface,
the coded data including a plurality of synbols organized in codewords and
arranged so that there is at |east one fggﬁgord correspondi ng to each
rotational orientation of the structurg, | east one of the at |east one
codewords including at |least one bit indicative of the identity of the
correspondi ng codeword. 10 2. A coded data structure according to claim1l
wherei n eadh codemdediatasgneiansprited prig e surfice so dstelbacgnsed by abmtingdevide, the a

predet erm pgflaq i gﬁk ryct.ur.e .according to
claiml wherei n&gggﬁt%ggeé%gﬁﬁ%g? E?’é'gget% %@%ﬂg en gi%f) ;&)%dndé&tlﬁ%gap‘é cz)itft)a‘lnonal
ori ent at ondentity whihe burfdheansiod e vaferende poiposi the pmck, theSoded dita detlethgdaiaality

structure i n f th recedi ¢l , the structure
further cgi; r |b§f|S %F‘”’IAQ% g?é%%w‘? ﬂ/dgg?& ?Fﬁlégetdisg ;alél# t[ﬂ?rgrlsgagteg&f)g‘? Cogﬁ‘é{%rfli ng
pr el i m nar yorrepakling o akh tdatiosd! priattatioa obthe kiaeturs erisisngrcdE he@eleas?Oneb. A coded

data structure according to any.ane of t recedi ng cl ai wherein the
structure c?({éewgrca]dﬁﬁcélgglﬁgt NS oﬁtr@‘g%al%ﬁe ?ﬂﬁ%@?ﬁ%’a&t@%ﬁ?ﬁﬁ%@g&n%@‘ejﬁwf&ded dat a
structure according to claim5 wherein at | east sone of the targets are
shar ed ,between ,adj t structures. 25.7 coded data structure according
to any 1(g)neE‘of tﬁecojﬂf?dg‘gg’(ffrﬂﬁ“rﬁ Ia%f’loﬁgngi/ﬁﬂé‘gé"i‘ hwﬁﬁgnﬁ‘ﬁiﬁegﬁﬁ‘f"é‘i inplydes pispelediti n i nk
that is subslicamig atlether it ba feedoteanibed aie ofihebaBeotd8ai ded human eye.

3. A coded data structure according to claim I wherein each codeword includes bits
identifying the rotational orientation at which the codeword is positioned.

15
4. A coded data structure according to any one of the preceding claims, the structure further
comprising a plurality of identifier targets for enabling preliminary location of the structure by the

sensing device.

20 s A coded data structure according to any one of the preceding claims wherein the structure

is square and has four-fold rotational symmetry.

6. A coded data structure according to claim 5 wherein at least some of the targets are shared
between adjacent structures,

25
7. A coded data structure according to any one of the preceding claims wherein the structure

is printed in ink that is substantially invisible to an average unaided human eye.





