;e3eTQ<H 6VTe6D _1 _ SENSI NG DEVI CE FI ELD OF I NVENTI ON The present
I nvention relates te a sensing device for capturing information applied
freehand wodReysbi cul arly, but not exclusively, to a sensipag/aRyopswWhi ch
can capture drawing or 5 witing information applied freehand by a user to
a surface. The invention has been devel eged primarily to allow a | arge
nunber of distributed users to interact with networked information and
applications via printed nmatter and hand-hel d optical sensors, thereby to
- obtain interactive printed matter &ENSINGYEVICE hi gh-speed networked col or
printers. Although the invention will largely be described herein with
ref'erence | iAW Il 10 be appreciated that the invention is not
thereby i Eﬁ%bﬁdﬂf’gﬁﬁﬁ%e APPL| CATI ONS Vari ous nethods, systens and _
appar at us rel at i ridetnsesericinyntion Telates je 8t sensing devien for| coplating infermation appligng
* co-pendi ngﬁg&g)}l' ag,ﬂ% 1akty] : ' s OF | t
I nvention sinu (%gﬁa us .yafrbvm’ ?’ﬂ n?ﬁgﬁc’%\rﬁbsgg%d %%&%‘ﬁ?idgﬁ&?%%ga@éap&p@dﬁm%
NPAO60US, Nmrifisg io®reiaapplisdiraiad Uga uMPrO: rfére.
NPP0O13US, NPPO15US, NPP0O20US, NPP021US, NPP022US, NPP023US,
NPS014US, NPS015UShblaEsedtioodadbsa e vdop« 8itatily, to AIRBO 2 Farke number of distributed users
NPS028US, NPTOO8U) US, BIND2US, BINO3US Bl NOAUS. 20 The discl r.es .of
these co. pSn R Sihmewwaptes sloamazon sol sppioaront Yfacprsfel ey piedlemR BB
Each appl i esnborsrthérsbyt onghtain intéryctive epfintedl inttebyn iderdardodk highsapeeh aetwoRted coldr| |
be replaced.hy t car respondi ng...USS n ayaj) ahle. Various t hods, .
oyst o anfriORTsATheteh (8 Ry Y ol e dewribel bifen i estegeccio J55 uelt il
t he f oliDowb&\gppeceiafed it (g ivepionCiahotalsdebyilind@dby t he applicant or assignee of
the present invention on 25 20 Cctober 2000: NPAOL1US, NPAO31US, NPA064US,
NPBOO6US, UPA US, UPO2US, NPA040US) NPA046US, NPS004US, NPS008US, UPO3US,
UP04US, NPSUERESDINGAFFUISATION® 13US, NPS024US) UPO5US 30 The di scl osures
of these co-pendi L cAat | ' | ce.
Each application @go%%ﬁﬁyﬁeﬁf gﬁe‘ﬁatpk) [ ecgj&g{/tﬁ%;?fm gg{g élg m%nr?%{é%%%iﬁoggd\?\nﬂl I
be repl acethetfplloving copendingapplicatjonsFipd i ¢he applicantibt sssighézrof shesprasentimytention
systens a”MﬁP&B&Wi&&L@&L&m m}OQ:e present invention are disclosed in
nding - app

the followng co-p I'n rcatirons filed by the applicant or assignee of

the pregeniphB¥ss,' ORpRBertss, 1o NPRBRATOC" NFAGR2Us,  NFPofs 29 Kro1sus,

NPPO15SUS, NPPO20US, NPP0O21US, NPP022US, NPP023US, NPS014US,
NPS015US, NPS017US, NPS018US, NPS022US, NPS027US  NPS028US,
NPTO08US, BINO1US, BINO2US, BINO3US, BIN04US

20 The disclosures of these co-pending applications are incorporated herein by cross-
reference. Each application is temporarily identified by its docket number. This will be replaced by
the corresponding USSN when available.

Various methods, systems and apparatus relating to the present invention are disclosed in
. the following co-pending applications filed by the applicant or assignee of the present invention on
25 20 October 2000:
NPAO011US, NPAO31US, NPAO040US, NPAO46US, NPAO53US, NPAO059US,
NPA064US, NPBO06US, NPS004US, NPS008US, NPS013US, NPS024US,
UPO1US, UPO2US, UP03US, UP04US, UPQ5US
30 The disclosures of these co-pending applications are incorporated herein by cross-
reference. Each application is temporarily identified by its docket number. This will be replaced by
the corresponding USSN when available.

Various methods, systems and apparatus relating to the present invention are disclosed in
the following co-pending applications filed by the applicant or assignee of the present invention on
35 15 September 2000: '
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-2 NPAO24US, NPA025US, NPA047US, NPA049US PCT/ AU01/ 01528 The di scl osures of
t hese co-pending applications are incorporated herein by cross reference.
Each applwoatisgugei s tenporarily identified by its docket wpgrbanioisags wll
be replaced by 5 the correspondi ng USSN when avail abl e. Vari ous nethods,
systens and apparatus relating to the pw%sent I nvention are disclosed in
the foll owi ng co-pending applications filed by the applicant or assignee of
the presemNPAOMES! | (PAD25CS, JINPAGIQOS, NEACMOUS, NPAOL5US, NPAO22US,
NPA026US, NPAO38US, NPA041US, 10 NPAO50US, NPAO51US, NPAO52US,

NPAOG3US) NPAOGS Uble MEAGES o NRAROR) FoniA 0B oM A0 TikbiSpordiEA 05 b) REAR3 US
- NPB004US, NPBO0O5US) NPPO19US,  PEC04US) = PE( S, PECO6US, PECO7USThedi scl osures
of these defersaeeaEach anplinationis teamporaridy idpriilied &y its derketaumber. Bhis wilh bereplyced by

ref er enge.gF@rlsfRMhs OSSN Whed svafigiporarily identified by its docket nunber.

- This will be replaced bythe correspondi ng USSN when avail abl e. Vari ous

nmet hods, syst ems\,?.ﬂ{;!I ARMBELE ' r is i . .
disclosed in the to fowﬁ’ﬁg'c”éi&b’fé%‘?#ﬁb‘%ﬁ%a itgﬁ%ﬁg%netéﬂvéﬁﬁtnﬁg@%l%% F%lelllnt

or assi gndke fellowing cppendingtapplivationsifiled kyrthe appligant 20B6igne2®f the present invention on
NPACO US,@?@%%%N@xNPAOO4US,NPAOOSUS,NPAOO6US,NPAOO?US)NPAOO8US,NPAOO9US,NPA

010US, NPA “NPA016US, NPAO17US, NPAO18US, NPAO19US, NPAO20US, NPA021US, NPAO30
US, NPAO35 RPAQ4SU US.\NPBOS LS, ) NR NP PK0O04US,
NPKOO %ﬁ N §§NP J%Li Sy MR Ees NP RIPAMT U

NPNOO! US, N NPRIOEDS Ripp BP0 goo géesus, NPP
017US, NPP T80 o%’@;ﬁ %20 W'ZTE g1u US%?  NPT004
US, NPXOO U5, \ US, US, PYoS, N 1 J TY30B2US, M1

3U

oUs, MJ11US) MJ12 A3US, M114US, 30 . . . .
MJ15US, MI34US) MJ N%‘F%ﬁ%?ﬁs?]fl\ﬁ%gfU%?'Wé%é}%k%&ﬁ?&s?'ﬁm%mlﬂs?bmws, P
AKO8 US| SPEGEletdficePEadhiplidatissis témpbhieilylidentified by @6 dedked duaiber. This eI Bé feglaced by
applicatiopns are i cogggra%ed gﬁr‘ﬁi n by cross 35 reference. Each
appl i cat i OPf TO5RE N whenjavatlable-ed by its docket number. This will be
replaced by the orre;gggﬂ%@g USSN, when avai | abl e. WD 02/ 42989 -3 .
BACKGROUND PCT/ AYAF9U8 PYstenys apd, apparaths delating to the prasent dgventionags disclosedim | y
i nteracts g following c8P&ldfip Applicaliord HIEH byl 18 afphicart bSRkigkde tePrdbiTBlveRortddd 2
keyboard and/or nmouse for inputting information. Whrlst such an interface
i s power f 23 Man200@: rel atively bul ky and non-portable. Infornation printed
on paper can be 5 easier to read and nore portable than information
di spl 8%d NFARIESp NRAVORES t YPAGRAUSy e NPARISTRe NRAGDSHEr d WPAGREUSe, a pen
on paper BUSy INRADDIUBe NRAQIOUS: o NFAMRHS: \INRADI6ESp ut MPAGIGUSwar e.
OBJECT |t NRAMAUSHj NRAUPUSHe NRAOZEHS, i| INRAAZITA, t NRAOBOUSe NRAOSHSes of
pen on papdAMAHS.10 NRAKIAUS, INFROOKES, SUNRRIQRUSP |NRIEOQRUSN TNRKMSESent
i nvent i on NEKQQ4US, t QNEKOOSHS, nNEMQQIESS, f AYPMeGAISng NRYORAUS, d NPMOG4USat a and
gener a29 ngNENOPEHSNt NRROAIUH en NRROOIESHsi INPRIOTUS,c i NPROOGES, r aNBROOVESt 0 a
regi on of NPPOOSWRice NRROE6US, NPPO17US, NPPO18US, NPS001US, NPS003US,

NPS020US, NPTO01US, NPT002US, NPT003US, NPT004US, NPX001US,

NPX003US, NPX008US, NPX011US, NPX014US, NPXO016US, 1J52US,

IIM52US, MIJI10US, MI11US, MIJ12US, MIJ13US, MJ14US,

30 MIJ15US, MI34US, MI47US, MJS8US, MIJ62US, MJ63US,
PAK04US, PAKO5US, PAKO6US, PAKOQ7US, PAKO8US, PECO1US,
PECO02US, PEC0O3US

The disclosures of these co-pending applications are incorporated herein by cross-
35  reference. Bach application is temporarily identified by its docket number. This will be replaced by
the corresponding USSN when available.



region identity data being indicative of an identity of the region, the
novenent data being 15 indicative of the novenent of the sensing device
rel ati ve wo ¢blagogpegi on) the surface having di sposed upon ptTaadedisdgt a

i ndicative of at | east one region associated with the surface) the sensing
device including: region identity sensing-means configured to sense the
region identity data using at | east sone of the coded data; 20 notion
sensing neans configured to generate the novenent data; and conmuni cations
means confBACKGROUNDonmuni cate the region identity data and the novenent
data to a conput f A ' ] ' .
configured to geﬁl%? a@%&,ﬁﬁ%ﬁoﬁ%g@%@.ﬁ% s&%‘%’gﬁ?@q&iﬁ%&g‘%’gﬁ?ﬁs g%@ﬂ%\*sin?ﬁén %“gafed
data. 25 Nor displayigcinfomhstiontand akeytedrddat/ar neuse! fooinputting mfarmetionf Wehilgd suctoad t y
of reference poai.nts of .t.he regi on he oti 0 ensi ng Jreans bein

confi gur edn?ggcﬁéﬁg?“ﬁrén’tl B rﬁlﬁgvcfﬁéh‘}lﬁyd%ﬁda“°8?°m&t@§f@m8f' Prfec OB Rg?eﬁﬁm be
devi ce'S reasianeniad midnbieepdr@ablatthineinfsrmativh difpliyed onef Ednipited nititoy. Foweleran

alternative_enbodiment, the coded data includes periQdi c el enents
moti on 30 ?%@Y"H‘E‘ar% DU G PEB QP iPARAT SHREE Yééﬂ@rﬂéet@"lﬂtﬁ@ HRRrant e

, the
i compytern
t he basi s sgfiwhlBe sensing device's novenent relative to at | east one of the
periodi c el enents. WO 02/ 42989 -4 PCT/ AU01/ 01528 In a further enbodi nent,
t he novenent sensing neans includes at | east one accel eration sensing
means, thep)BgEETerati on sensing neans being configured to sense

accel eration of ' | lLce. J L] r i o_the rf ace
region, the rmvefrtrgﬁtan soe'ﬁgtl'S hgglrer&g%sse&blg?%él b%’: (%éﬁ? ?‘gﬁl\rﬂggd‘faglag%sn%fre%e@eoﬁ %agetsk.ln
movened damputersystems.odi cal |y sanpling the acceleration. 5 Features and
advant ages of the present invention will becone apparent fromthe foll ow ng
description of enbodi nents thereof, by way of exanple only, with reference
to the accBUNMARWOFINMENTION a WO 02/ 42989 -5 BRI EF DESCRI PTI ON OF

DRAW NGS PCT/ AUt fiveriin retded 8sla Qbdifiy AR o RISy Rlsich N8enkilV &t b
wi Il now be descri bed, b(e/ way of non
generating movement data when the sensing device is 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 least 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 least one of the periodic elements.



limting exanple only, with reference to the acconpanyi ng draw ngs, in
which: Figure 1 is a schematic of a the relationship between a sanple
printed ngbmagesand its online page 5 description; Figurepetiauo®osagemtic
view of a interaction between a netpage pen, a netpage printer, a netpage
page server, and a netpage application sérver; Figure 3 illustrates a

col l ection 'of netpage servers and printers interconnected via a network;

Figure 4 is a schaifutthér evibodin@ht, the Mho¥Bmbr ¢ésing infckifid iuél6dedlat ﬁas@bhenécesieﬁﬁ&ﬂoage
and its online page '10 description; Figure 5a is a plan view showi

struct ur e S6PSing MEMSaffile scseferation sensing yneaas being cqnijguzed ?nm%gccalewapw? dhshi p

bet ween a @fdingOdevicB s t@ﬁ%n&@@\félaﬁv@ 16 11 uBfatFre 308, te iﬂo@élﬂen%en\éinﬁ%e‘iﬁs ﬁemg
net page sensing device in the formof a netpage pen; Figure 6ais a pla

vi ew showicenfigntedip generaie the moverent data by priodically sempling thejaccaleraidmyur e 6b i s a
- plan view show ng a rel ationship between a set of the tags shown in Figure
6a and @ fi eI d 0 eapiresandt advantagesage ﬂyenr;swg iniveptione Wilh bepome gpparest fromdhepage

F
Chown | 1 FAounk Jedufddlof LalbAall B0eh o T CHRRb D b frtilE b B

6d i s a plarompaeyingfrawings; t he |nterleaV|ng and rotation of the synbols of
the four codewords 20 of the tag shown in Figure 6a; Figure 7 is a
flowchart of a tag i mage processing and decoding algorithm Figure 8 is a
perspective view of a netpage pen and its associ ated tag-sensing fiel d-of
view cone; Figure 9 is a perspective expl oded view of the netpage pen shown
in Figure 8, Figure 10 is a schematic bl ock diagram of a pen controller for
t he net page pen shown in Figures 8 25 and 9; Figure 11 is a perspective
view of a wall-nounted netpage printer; Figure 12 is a section through the
| ength of the netpage printer of Figure 11; Figure 12a is an enl arged
portion of Figure 12 showi ng a-section of the duplexed print engines and
gl ue wheel assenbly; WO 02/ 42989 -6 PCT/ AU01/01528 Figure 13 is a
detailed view of the ink cartridge, ink, air and glue paths, and print

engi nes of the netpage printer of Figures 11 and 12; 1 Figure 14 is a
schematic bl ock diagramof a printer controller for the netpage printer
shown in Figures 11 and 12;




5 Figure 15 is a schematic bl ock di agram of dupl exed print engine
controllers and Menj et TM pri nt heads associated with the printer controller
shown i-n wogumuessdd; Figure 16 is a schematic bl ock di agr awcefatolversqsgi nt
engi ne controller shown in Figures 14 and 15; Figure 17 is a perspective
view of a single MenmpetTM printing el ene?l, as used in, for exanple) the
net page printer of Figures 10 to 12; 10 Figure 18 is a perspective view of
a small part of an array of MenjetTM printing elenents; Figure 19 is a
seri es of BRIEFIDESCRIPTION\GF DRAWINGS i ng t he operating cycle of the

Menj et TM printi ' ; j e 1 loSri hye
view of a short Iyg%fgljrngr;@ at(?%h% g%égbé’?aﬁ“ tcgliﬁl\?girlﬁ et Mb”%ﬁi‘ﬁ% ﬁggﬁ&‘%ﬁgﬁ;‘z&ﬁt“% a
schenat i c liniiting example oukyr with refesende togheapcompaning drawii®, in whichschemat i ¢ vi ew of
a printer class diagram Figure 23 is a schematic view of a pen class

di agram Migme & is2vschematicof ladhentelationship\betfeenn sapple printed vetpagk anditsionlipe page

Fi gure §5|§e§cﬁ%ﬁ§ghemti c view of a docunent and page description class

di agram iFE™6 is-a schematic view of a docunent and page ownership

class diagsa 20 Ehqure 27 i sche ic view of a termnal .el epent

Spec al | 2 U h2 1 SO idy oF T Rbtwfenl b Bl it Al il S Pllpree

el enent spage sehviez, ahd otietpdga applidativgrsemver; Fi gure 29 is a schematic view of a
hyperlink el enent class diagram Figure 30 is a schematic view of a

hyper | i nk Rguesr®itlusttitsaci callection ofaetpagesepvett and pritkers terosmmeddd visa fetwofkenat i C
view of a hyperlinked group class diagram 25 Figure 32 is a schematic view
of a for mRiguwsd islh atlicaitic Fieguofa BighilevenstARtedref & ritfed Wetphgeoand i@ dndihe e

cl ass ﬂ:#a am .Figure 34 is a schematic view of a field el ement

speci alf z&PDRUM ass diagram Figure 35 is a schematic view of a checkbox

field class diagra . WO, 021 42989 7 _Figure 36 is a schematic view of a
text fiel FIgYGRSaplagyicy shpyvigg a strapfure Of anelpagetag: ¢ vi ew of a signature

field cla di gor a Fi.gure 38 is g flowchart of i npui processing
al gori t hmPgErgoH 1§ aplan Yiew showing 4 yelafjons H’?F’E“‘;é?‘%ﬂ’é%ﬂsé V&m%‘%"ﬁ%ﬁart

of Fi gurefﬁﬁiof@@&%@@@%&%&i%&ﬁu&ﬁh3ﬁrh%fan&§d’g€w;i c view of a page
ass |

server command el enent ¢ agram Figure 40 is a schematic view of a

resource dBsfé bk b Plan SiedSshoWing @h AfBrnavEsthRnde of ahefaglth@at i ¢ view of a
favorites l1st class diagram Figure 42 is a schematic view of a history

list c{8spiglir@@8 AW pld W ShoWing SrefutidtshpBrivieen ¥ is@Uf fe t4s SHRALRIFRSUrOh and a
delivery protocol; 10 Figure 44 is a schematic view of  a hyperlink request

cl ass di adielnf vievpfametpagy ssnsingdeniser iy the fopmefia sgtpagepsmier | i nk acti vati on
protocol; Figure 46 is a schematic view of a form subm ssion protocol;
Fi gure 47 Hignre, 6e isvaeplan iview shewings anareapgement ploving ef, the tags shewm indFigurei6g iwhere4 8

is a SCheméﬁﬂisMet@eeﬁgﬁa&ﬂ{&%s‘gle path; 15 Figure 49 is a flowhart of a

stroke capture algorithm a Fi g 50 is a schematic view of a raw
digital i kel 8PS 2 YAYeA R howing 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 assédated 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;
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WO 02/ 42989 PCT/ AUO1/ 01528 8 DETAI LED DESCRI PTI ON OF PREFERRED AND OTHER
EMBODI MENTS Note: MemetTMis a trade mark of Silverbrook Research Pty Ltd,
Austral i ayolon/atdse preferred enbodi nent, the invention is ecmiAugwoesdst o work
wi th the netpage networked conputer system a detailed overview of which
follows. It will be appreciated that not65 every inplenmentation wll
necessarily enbody all or even nost of the specific details and extensions
di scussed FipfteOlB ista detdiled iview 6fathd ik cansdge, mksdicamd digsyevar and print sygihesrof itdse -
described in its nosf_co {et %prnlto reduce the need for external -
reference“ﬂﬁgﬁEEPFéﬁbﬁgﬁgP]dmaﬂ erstand the context in which the preferred
enbodi nents and aspects of the present inpventio err te. In brief summry,
the pref eMigeE 1his# sthemplic hlogk diagr taePﬁ“EWB?‘gleé geteage;prnter shovm 1y |
t he forn1qg?ﬁmqqgﬂ@gksurface, that is, a physical surface which contains

0o a map of the surface maintained in a conputer system The nmap
referengesy ueghled: d&%ﬁﬂj I eﬁﬁﬁ' : L Nk HponN
t he spe@ci ?ﬂﬁc@?rlrgﬁ%%eﬁ{hgﬁg%cﬁ?ﬁotaﬂe p rgg‘dgélg’ﬁ%es na%g g\égﬁtgoélgggﬂﬁi giieg%; or
i nvi si bl y printhendd efsociated with thepiinter oemfrollérahoven indligake Huery on t he mapped
surface yields an unanbi guous map reference both within the map and anong
di f f er ent Figaps16 if h echeomipeiblock disgsane of thé printiengineoatroller siaymrin Figures 44 and 15;
features on the mapped surface, and such information can be retrieved based
on map r efRigupntEis apespéctiee viby ofi a sinpleiMmgnjet®y printing eledchen, adustdin, fomerauple, the
surface. The info na%%Pn tpgsléetrieved can take the form of actions which
are initi 2088 oh AL EBIE! LY 14y st em on behal f of the operator in response
to the operator's interaction with the surface atures, In its preferred
orm. 166 Hedro L8 o prsrecive wrY la SRRV b Moty of bieast M Siminm b0
interaction with, netpages. These are pages of text, graphics and inages
printed offigweilhigaygse iperspaetiveyripwhillnsiating theoperating cyelejof the Memist penting

| nf or mat i Qkplesit HBFR 1gach page using ink which is substantially

invisible to t'he unglleﬂggehu’rran eye. The ink, however, and thereby the coded

data, can m J@gec ' '&g' . : I . to the

net page sfs?@é% E%gt atﬁk&ﬂ%\%hﬁ?ﬁ{o gn pa%%%gg%%@@mtﬁ%gboded

i nformati ' ’ gr‘?g_p [.S..an infrared absorptive 25 ink
qiiﬁ' 2fﬂ§s&[eﬁfaﬁ§ Ligd of e Cglﬁgsrasaﬁfﬁl,

and so an rared sensitive o errsor may be used. |f desired other

vwavel efgt hs 28%%@%‘3&9%&%?%&3&&;&% s other than optical sensing;

one alternative I's 1o use nmagnhetic in ensors. In the preferred form

active bu':%;os d .l inks.on e .can be clicked with the pen to
request i fl%J?erT%l P&R° rg%{rﬁ: e°ﬁ% V\nocr%por 0’ signal preferences to a network

server. |n.one Loent, -fext i nd on a netpage is

aut omat | C%‘W%ﬁ%géfﬁ%@ﬁ%%%@g@%@{E%&C%%er text in the netpage
system all.owi ng. for.ns 1.0 . P Lled | %“1% . i s) signatures
recor ded ﬁﬁ%%&sﬁgﬁ@ﬁgvg‘ﬁ%% I ca ‘{Lyl}db%rei |eét,l&;£f1%gw g &-comrerce
transacti gns ecurely a i . / AU01/ 01528 As
illustrat d@%@g&?@%ﬁc léx‘ﬁro?%?g ngﬁﬁgaﬁwg%é@%?sedég a interactive
form whh ch.can,be fill in . ( h.&g¥'c .the printed
page, \Agd%dlh %%flrsgﬁf%eﬁggf/"few\?’i}‘ 5Eec mgrlsueﬁ‘{l%eg‘?%p% ; eﬁ%@%kpﬁg iﬂlép n and the

net page system,.lhe .exanple s .a." Re Lo f.or nt ai ni ng name and

addr ess fiy% g&gaﬁgshegn&g%‘lvﬁwt?gg\f’%%&lﬁ!ﬂ%é‘gkr%?‘%ég%@ﬁ%?‘s S Of graphic data 2
5 printed wsing, Vi sible.ink and c data.3 printed as a collection of
tags 4 usiﬁ?”%?ss?isﬁlfeg’aflﬁwew %ﬁ%ﬁﬁg‘gﬁgﬁaﬁ%ﬁs%%mdescn ption 5, stored on
t he net pagg ne rk,. describe he i ndividual .el ements aof the netpage. In
part i oul arfiEgs Bty pievies p v iertrkeloient PeciliBite Yos fasal 0och
rinteractive el nt (i.e. tex ield.or button.n the exanple), to allow

t e net paddey ST Bihsptsmiahy vt o s bk @Bt IRRaBal s he et page. | The submi ¢
buttonzg, .Or anpl has. a zone 71\/\,h£ﬁch corresponds to the 10 spati al

ext ent <Bf lﬁ"geg)é’rsraesg%aﬁfﬁﬁwé’%ﬁ PSS CAR | ystrated in Figure 2, the

net page p 101,.a preferred form aof, ich.is shown in Figures 8 and 9 and
descri bed lﬂ"ﬁ%ﬂ;‘acfgﬁe&?a&%}”a{ﬁd%?‘@kws ction with a netpage printer
601, an | ,ern}':co ect.ed, pri.nt. appl i ange for_ho office or nobile
use. The ﬁ“‘?g Warsgﬁe c XN °(§8&?ﬁﬁ%ﬂ°3§?'es§e‘§ o Jas he net page printer
via a short-rapge radio.link 9. Jf._ desj the 15 pen may be connected to
The oyst orbigts By Bia e g ot a bk hebfiless dgARs for . 'al t hough bot b
alternatives limt usability. The netpage printer 601, a preferred form of
which is shown in Figures 11 to 13 and described in nore detail below, is
able to deliver, periodically or on denand, personalized newspapers,

magazi nes, catal ogs, brochures and other publications, all printed at high
quality as




1

20 interactive netpages. Unli ke a personal conputer, the netpage printer is
an appliance which can be, for exanple, wall-nmounted adjacent to an area
wher e t haygRbMiege news is first consumed, such as in a ussgTAUsL/bGREN. near
a breakfast table, or near the household' s point of departure for the day.
It al so comes in tabletop, desktop, portéble and miniature versions.

Net pages printed at their point of consunption.conbine the ease-of use of

paper Wi t IFigue3645 2 béheBhiid V6w of Bdxd filEElak diagtaby Of an interactive nmedium As
shown in Figure 2, the netpage pen 101 interacts with the coded data on a

printed NEFHRIFT id a SCHEmBAIVIBW oE AdiSfaturd fidld dlasdWRigkai;ange radio link 9, the
interaction to a netpage printer. The printer 60l sends the interaction to

the rel evaigud s id @ HBwERRILF 38 Inp8Y prdddsdit) algdpfuGh;Pr et ation. In appropriate
ci rcunst ances, the page server sends a correspondi ng nessage to application

conput er - 3budida e Serditd oWehat bf Snd @LPGHIRe iRhhE 8 e 57 VEr 13. The
application server may in turn send a response which 1s printed on the

origingi Wéﬂ%@ﬁche%ﬁ gg&gﬂg@ﬁﬁﬁ&&%}sﬁﬁgﬁaﬂa@m&@ LsHeloRi,y nore

convenient in the pre ment by being used in-conjunction with
hi gh- speeg;diLAdPs fn%@aﬁ e B lﬁé%gcq;lp Mﬁ@{@s inkjet (MemetTM
printers. I%ﬁtile %?‘?Ferre Q‘?oﬁ%ﬁ(%? this éc no g% , relatively high-speed
and hi gh MR £H26 423860 w5F 4 A Qﬂsltsglgss ual ity printing i s made nore

[ ed fo

af fordabl e To consuners. Inits prererr m "a net page publication has

t he physi %ﬁ%@?&h@%ﬁé@i&@oﬂh@to}f% %lags%mgev\srmgazi ne, such as a set

of letter-siz 0SSy pages printe ol or on both sides, bound

t oget her f @mgaﬁégw@@i%o%&bggﬁﬁ@@%&p .ing. 5 The netpage

printer explolts the grow ng aval roadband | nternet access.

cabl o TqEufiEe Ay BB, fek 8 PR/ A AR O ekl 12 T L1 ey avai | bl e
connect | Rttty is {eBEORRT oP kA SR BEHARREL 7 1010 % TUCC qual ity
hiq et and i o s el Ehe AGE o R NI B0R i T "oper ate mor e o1 ow
other embdiRei f e ped SE P BRTn EYRRAEASH™S o7 Vate i ntranet. in

still ot h%gﬁenlgfgl?'gac ntg:%ﬁc&i@v?gﬁ%% a- ggﬁég*_em is hosted on a single conputer

or conput érzen G(En ce, na hter. Netpage publication servers
14 on e Jaet e petwork .are .confiqured.to deliver print 15 quality

publ i cfaé]i e 8?‘8‘5\5%%‘?fiaﬁ&%'$°s°@tﬂgr4ﬁ9ﬂfh&@ ubl i cations are delivered

aut omati cgl.| subscri bi.n et page printers via pointcasting and

mul ti cast ?Jrl%ﬁ(ﬁén 1(‘3?ﬁcg{emﬁé%‘f%‘g8?%@%¢g??gwglcfa§se‘§aﬁfﬂﬁ'l ications are filtered and

formatted according to individual user profiles. A netpage printer can be
configured to support any nunber of pens, and a pen can work with any

nunber of netpage printers. In the preferred inplenentation, each netpage
pen has a




20 uni que identifier. A household may have a collection of col ored netpage
pens, one assigned to each nenber of the famly. This allows each user to
mai nt ai n wodkAatdgact profile with respect to a net page publpceayo®nisagr ver or
application server, assumng that the assigned pen is only used by the
respective famly nenber. However, as exﬁl'ai ned bel ow, other neans may be
used to identify a user. 25 A netpage pen can also be registered with a

net page registration server 11 and |inked to one or nore paynment card
account s. DETAILED DESCRIRTION:OE PREFERRED AND OTHEREMBODIMENTSr i zed usi ng
the netpage pen. N3BvBEIRRGEs kifibhk & diNBRBk Kelea PG ALREST gnat UTe
captured by the netpage pen wth a previously registered signature,
allowing it to at 'fgﬁ\éf BStiMSR" the il | 5 GRS

Q her bionetri CSHCQE% SO g&lusecéﬁ’oth\gledr“%?g&# %%‘%n?ilg@rgd Zover Si o%e%l?%%%gé%o
net page peawtwankedicdmputes sygtemp a idetailedcovarvievwgef which fallews.ilhwill ke appreaiateddbat ot t he

net pa registrati ) a rint ey I yer.

per | odi o] ibecais L0 nello by LheBal ShRADE R L BF i pie {hs 0 can
be confi glexedsiomwiscussed below werelatins tl the bastocsyptemnkKHowever, tHersystemn ippdesdribed aits

for It only delivers periodicals,.ftromsubscribed. or otherw se authorized
sour ces. Pe REGPIEE B 1508 o e Fox eblepipt edhrenss gk ARkoning s SpBrsipag che
printer i sobtektiik@hithtiRpréfaed entbodinests aid dspectLsfuliY prédentGlivention/épetabd. € t 0 any
junk mailer who knows the tel ephone nunber or email address. Alternatively
the entire systembieysid@nary, Bfefeired folif of e Aetie dstend Ohflof a RaHltet MRFfadERY

be proyided with the ability to expose their printer(s), to outside users.
Thi s n@/ HR ths forg of 3 papped 5 ?cﬁgth&}?’sai sigal Spedacs W ntaigs references taacmap ol | |
1. NETPAGRhSYehEnAReiled BT ddRpufen 5y3tcal TRE inap RiGbnckdicda b8 aﬁé&&ﬁ%@aﬁ SppiSintatd bed

using a Unified Mbdeling Language (UM.) class di agram cl asS di‘agram
consi sts oensingdericefDepsnding unon dhespecifie ypplementation. the map refersarep may he ancodest

kinds of rgi@y P RRiitly afd Gefled i bh GWay /1Rl 3 105§} &1 (8% iel
general i zat ilo%s. An Hfilrs'sssoci%ltion 10 reparyesentgﬁgorre %i;nd 0 a‘IFh(ejslmf;lfli'f‘‘}'eoyrlles(rl1sia|c§l

bet ween objnawbiguous map referepgechoth within thecwapoind @meng different weapseTha ¢omputensystem

rel at a ffmati u S i e | SN EW |

cl assefss t oﬁéaﬁttgjng? as %ﬁ{]eggog?@egpﬁ%sl ?‘gggsj %3@%&@%%@%@5 %agsbeA S
a gener al iretaievedrbaged onlmapgeferencdssuppBed by & sanpihg deviceulsedwitlpfhe AnappesicshrfadeaBle i s
drawn as a _fec I ' f e class...lt, contaln | i st
of 15 the attri 8'%“2 r%tﬁg‘?eﬁgg%%ésg{etfg%p‘g&gﬁ%ng v*htricltglm nggegrﬁ( ﬂb cogipﬁigf, ?yf%ﬁlt al

| i ne, and am Hehalf ofale dpemtarheresgonsats thefopblator’s imexaction eith tiet safaderfeanréh e
attribute list by a horizontal line. In the class diagrans which follow,
however, oper ati hnits preferrsdy formmtdechatphge Agstan Selidsadn die prodabtianvrof,asnda hlihane

] Oi ni two cl ass optionally |abele t ei.ther .end wt he ltiplicity
F ¢ hols dBefaefiEci. sRBherSrhesetort ke B Ry wotied S Bben olod i wfitpe phper

i ndi.cates le ﬁ'ﬂilch‘bﬂojﬂi lg&eiiﬁtbfayti\@fwe'brlﬁggsl'lnfdrmﬁla 'onZT%én&ode omaaxl l?agaﬁdi?)gﬁfﬂawaicmsi on
IS optiona abeled . Wwth its name) and s, 0 optiQqn a at

ei t her en&“ﬁ%ﬂ’h’é‘v @Ygemgh‘ “Pﬂge‘@&“%”@%% Hﬁ?ﬁ% ey 3“&%&5?%&41‘0‘?@?% can

i ndi cat es tRIteRed bf aRbptiRallPmaghe pen Ml thankifitted@to thOhetpage Sydtbni. Subbtaf oér thdre

aggregator end of the -
g9reg 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

Sensors.

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 signai 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 automatically verified, allowing e-commerce transactions to

be securely authorized.



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

tri angl e)weto2f43vgo general i zati on end. When a cl ass di agr ampeg/Avodbsgas up i nto
mul tiple diagrams, any class which is duplicated is shown with a dashed

outline in all but the main diagramwhith~defines it. It is shown with
attributes only where it is defined. 1.1 NETPAGES 30 Net pages are the
foundati on on whAciilustratestip Fiparenk tapeinted netpapeill dam repbssont @rimtesactive Sorpowkich &aas ed

user interfage to published information ang interactive seryices. A netpage

consists & Bl iy dtbﬁaﬁ%er(llﬂr&‘cﬂhﬁg?ané’u@ag‘@ P@ﬁ?‘ﬁr‘l’?gq’rﬂﬂasi WOPﬁﬂ@e’d"Wth

- WO 02/ 429&8mmubgicitioh/ ttktkh MHSpeh 4ndftBs BétpEe s?;@elﬁnl‘lﬁrﬁxhﬂﬁle@ﬁm h PRéqBst® forfnhe
page. The tags, may be printed on or into the surface of the page, may be in
or on a s¢EUtpRipgmagy apfaddsegdickls Ay sgmis RGN The netaRasGoBriste etizphie dita

" page. e pifflel REnp FSBleARE Ghd Bide@Qath 3 pRBledheh BARCRE ot tath arefsing il¥sitle ARI BRI

page server. The page description describes the visible |ayout and content

of the pagemespprdingitage desesintion s stpted on thematprgeengtrork,|descaibesthé individual edemeentshe
i nput el e'@?%én&ﬁhg%.hﬁl mar'ipﬁ%s%e?glééﬁghg QR s a%XPSS&édt;}E@ﬁ) af]gachqmé}acﬁve

fields. The page scriptions o t net’pages ma are conponents,
such as arlemeatfe. taxttfieblgrbuttoreinrthe exagple), (e nlibw the netpagecsysterado puugetly interpret

descripti r L3l Rl ¥ di r T, descriptdon. for eac et.page
oy 1 il udt e ek, o bl o /107 KA. HEE TR} Bich Souripis R
mar ki ntfs rspatial exténh oftheedryeappading graphici8t s surface to be sinultaneously ~
captured and processed by the netpage system 10 Miltiple netpages can

share the sane pAg#lustesal inHigue 2, the netpsge, peh AOR| d prefeirad formt dfrwhikhhis Ghdvar ini Se

i denti cal _pages, t e disti,ngui shed ch netpaqge i s assigned a uni que page
i denti fi eﬁg@ﬁf%a%a%@f dosnibed é%?‘f’fecq‘a@ﬁta”e&’"ecw&‘ coRJuRGEioR | A‘S&”?H’a%%f’hvé .
al | net pages, AMiefRGesanécted)intifg dpplinde!Tor Kon, bifice® inobile teEThel fentif Vireless

environnment .is snmall then the precision need not be as great. as ere the
envi r onmeffd pammupieates seenrely with the netpage priptst yig 2 Sﬁéaq&%ﬁ?%%ﬁf\ag%gﬁded

in a pr8 ntpedl rhayObe ddiRedtdiOtd B MNyktbl ORiliiAL Wik B nPRfSre® rankthiBilt, althchPR ®8hS .
and thereby indirectly identifies the page description. In the prererred
enmbodi menteiempfives imit ypability.dent i fies its own position on the page.

Characteristics of the tags are described in nore detail below Tags are

printed in infraFienemsgs pputes, 0L, 3 iproferred-fprm ob thichtis shgymcin Figures 11 to 13 and
o 4 rar B * " .
| nf rar ed- LGt i Shord deidll WIA? 0'a8ieND Lol ,s,hodm% %r;&g‘ Al BUSLRRENS

are invisib \uman eye but are eas sense S d-state 1 mage
sensor w trewspaperpnagezines; catdlpgs; brochusessand other publicationscall printedbatrhighaquality as

wavel t t@a-%:g'g | | no f] e

requi reéeué. h"&g a‘éq@\\/{\lfg{?g%g'ngt S Y?ﬁ{gg%aggﬁg’élé%r ’q\lllmg\df?éhtgagf) ?%‘g’%ﬁgg?éb dshﬁlggseﬁ a hecém g?fd
sensors. Aot exgmpl, wahmeuhtéd/adjacentte an anemybers dhestoorning neweisfestwagpamed spch as
decoded a ) 2 t ' [ .1 0 1 et.page
system p rrhglfl Relgegtts) @E%Ph'?etaﬁg B‘%glg%é g%{’ leh Ertenﬁgége iﬁ%l%ogdr)? gamteo(%%géu%er}vg\nr &8 F%S g and
conmuni c atatss comedin tdbéetope deskigp, portablée and miniatge wemions- r ange radi o | i nk. Tags
are sufficiently small and densely arranged that the pen can reliably inage
at | east one tagNelpages puntad & itheid peint bf cinsuwptioh eorplsinethe kiseiof-usergd pageawith theat

the p recogni ze t.he t and extract the page |17 .and position on every
I nt er?ctfi gl ?sﬁa?‘i]’@%ﬁﬁggfyogfﬂgéeﬁge BPaction is statel ess. Tags are
error 30 correctably encqded to.nmake them.partially.to]ler to surfac
damage. The netp 3]¥°Bvé)d8(}g%??/27mﬁélfﬁq?%i%§ lﬁ?mraﬁ%%%gtte F@%Qmé’nf"oﬂm@ch
printed naiefpagel ardl conmiufigates, viaa shrt-ningé 1adia listk 9f thé\terdotibn &f a defage pritits) Tied
Vel ues Fory Ry ke erkdion”B e S5ShY Rhbea? phet sns 0Pkt TheprelEoh 6

apbropriate 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-



WO 02/ 42989 - 13 PCT/ AU01/ 01528 The rel ati onship between the page
description, the page instance, and the printed netpage . is shown in

Fi gure 4.womuiss preferred enbodi nent the page instance i gcaatncoseed wth
both the netpage printer which printed it, and, if known, the netpage user
who requested it. It is not essential rd%ne wor ki ng of the invention in
its basic formthat the page instance be associated with either the 5

net page prualite printingdfimpde morecifforiable o consypansl iiniys plefesred frmpagetpage publization
net page user .who r.equest ed. |.t of... whom t he page s printed. 1.2 NETPAGE
TAGE 3 . ek o Wi htbsties & el R spRptiC it S Bl ot £t
regi on i n pafesqitinted iapfultadokor onrtsbtl kided, boadid togethdr fbP edsyaiavigaion\ardhdomnfortable

region. A_tag. may also contain flags which relate to the region as a whol e
or to thehf‘%‘.“g'me or nore flag bits may, for exanple, signal a tag sensing

device o provide feedback indicative of a funciion assocjated with th

| medi A e area ofhem?@ag%g}m%emsm the grovang G of readhard ﬁgwwweéabfeo a
descri pti QeviRk i RRAIIAIIPIE% Of RtERNS P BiR Uikd Stalds, AR Snodbih |setiich dtferimy)
"active area" LED when in the zone of a &\%erllnk. 15 As will be nore

cl early ebseadband dnteraptagcess it ajready ayailable do 20 gfthesenThe netnage printer seynalig opsraim
easily re | do ibrRNbut ith&CH | fellvéH kNt ¥els )
whi ch assﬁgt&gﬂ?\ﬁgm ﬁl?/er%nﬁgl?ngutt tg effegqtngégf g‘rﬁy\%glrelf) ﬁl‘gugregﬁ%g%ﬂg?gﬁﬁtgce
or by t he Indendi thy netpageesystenTern be geabled eisingaexisfing icousumae inkjnt iapd lasary printerd
are s [ Y I p ijrage
2t ) ooy SuERging Pt A0 SRALP sk oD R ot B G loleBobB ok L7
t he pen 2@onsumerisipeint af viewp hpather Bmbodimpnss; ithe netpagesystenriy hosteden aprivaie infiandt. t he
page, sin Lnter L QN | tel kD) r.ef.err e | ment

Fagi on t o IR findr GrloRleh3 e BBl s G ol RS GO B ™ Bl
1D encodedievice, kiivh as agrinter.t her ef ore synonynous with the page 1D of the page
on which the tag appears. In other enbodinents, the region to which a tag
refers can be arNepigetpublioatidbsexvdnt &4) on theafetpaggagworkrar® tdnfigued té ddli®er print-
exanpl It can coincide with the zone.of. an jnteractive.el enent, jn which
cao’ T gt puefns ' Heseage ypobebn eriicd dublatosicrre Gl Bl g oo
tyﬁL cal | ]y s?ﬁﬁﬁﬁ%@&e@ﬁggbﬁﬁ_e@fvﬁ PEintthiting tantl eﬁgﬁcaa_ﬁhgblnt@n' ; dgzprdteﬂﬂ'sof!’eﬁ&ahﬁﬁj'_ ha
nunmber o ag . bits. sumi a mpxi nymtag. density o per square inch,
a 16-bit tP3§uq ‘?W%daé‘dggﬁ‘f’ﬁ%a@Fﬁmép %‘V{dﬁﬂfﬁ%ﬂ%ﬁ&ﬁare i nches. Lar ger
regi ons can be nmapped conpti nuously w thout 30 increasing the tag 1D

preci si on si npl yAB§PAsS prptexsen bs eApfigwed (0 UPRaT AR AyEberaf Pegs, and 4,pan;cap work

bet ween a ywifOhfy min®eR Bf nétpAgalhribtdrd. In TS preored SmPIEmEAMEAN bARA GRipageOhen Ri3 a
purposes the concatenation of the two can be considered as a gl obally

uni que?Q adgmique identifissr A bpysehald mpy have agellestion of Aplarpdsaetpage Pank qne Asigacdtoreadh ur e
into the tagwlDer thOfanfit2 RS Slidv A& dsBiot tﬁnﬁﬁﬁﬁﬂct%ﬂﬁl%ﬁﬁ‘feg%cﬁ% atdag,%g@g-
A 90 WO 02742989 - 14 PCI/AU01/01528 bit region ID allows 0 (~10 or a
t housand tpublidatiom serven o1 applicationf serventaspusging ithat the hesigoed perelisyonlyiawed by dbe
Tags may X ' i : reql . a
m xture 01(}[3 s?g%ﬁ'? gﬂfm%?&é%eg%ggﬁga%ﬁd&n%y&%éqﬁagge \%e El%ggﬁgde\sqg'{ymof

t ags encodiserg x coordi nates and

25 A petpage 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

server.

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



i

anot her set, interleaved with the first, encoding y coordinates. It wll be
appreciated the region ID5 and tag I D precision may be nore or | ess than

j ust desogplasdgderendi ng on the environment in which the pygixgigysag be
used. 1.2.2 Tag Data Encodi ng I n one enbodi mnent each tag contains 120 bits
of information. The 120 bits of tag dat-altare redundantly encoded using a
(15, 5) Reed-Sol onon code. This yields 360 encoded bits consisting 10 of 6
codewor ds @Jpeég%éna?agﬁm&e isSurfBiRé B fax i hine bP e-nll 26648t FhikRSvidhle tPany jaiTbol
errors to be corrected per codeword, i.e. it is tolerant of a synbol “error
rate of upmailsr Whodknawys the trlepbone numberorzmgiliaddspssy Hlteratively the entise systemymay be

spatial ly goefig tidd fBR {rBéhch é*ﬁ@f?& Cabil an%@rtﬁe?: are
interl eaved spe{t Plglt}g?/aﬁvm t h‘fln .t%e tagl'.g&T]hiWsebe sureeg %hatm}aa%t?st?%e ror (an
error af f epsinien) tououtsidsl usexspBhis aaly \be dij eryeoftselo¢ting) outhiderugers allowsidrtoorsendijumiber
- of syl erall and 15 a m ni num nunber of synbols in any one codeword,

thus nmaxi mzing the likelihood that the burst error can be fully corrected.
Any suitable error-correcting code code can be used in place of a (15, 5)

Reed- Sol onpn codﬁﬁiA%Eaﬁ&g@h&cﬁFg? -ESoI omon code with nore or |ess

redundancy,” with ent synbol .and_codeword si_zes; another

bl ock code: or aEdfhiobierinedelinthe systemdgdescrihed ysing a Unifigd Modelins depghage ((BMHL
(see, for gaxsaRk@m, Al QPR AhgRm WhskSof a Eftrd% roggemiseés coucREBy fréliﬁo%tg]%]sﬁ gﬁd

Communi cation and Storage, Prentice-Ha 995, the contents”of which a
her ei n i nc¥egdrdstaf gelptjonships arerof finterepichere: assopiaiorshandi gen¢ralizations: An @ssgeiatiath e

physi c r n i bthRMD obidetk PuIT i@%luﬁ!: fJ
targetﬂgt rlﬁ%}%%(ﬁgs.gog% %%do(%@tea%% and var| atc)’weaacgfag% gert‘g?aeg : Z)ffc?%%e - A
target st rgsaeralizatiomydlaies actusk alassesy and\car de sddrstond inhibe fellqwdngwawrif aclasetiect

the tag a | ' ' ' Lentatd.o . ALV RSor .
The data Aeushl Sae il GYARBHRLATE RO, SR8 LR A1 Pl RAk § 13y by aTB
encoded t asmplyeaubs@iofdchi eve proper tag reproduction, the tag is rendered
at a resolution of 256x256 dots. Wien printed at 1600 dots per inch this

yields a tag w t Bach cilisaiselrawn asfa redsangle ldbeiach wislt the hamse Jihe elsss! Iitontainstaist bfig
is designed to.be surropunded b "qui et ea;’ of radius .16, dots. Since the
i o 180 iBunles 3k 2R Foattied Frontie e b Sy ond e S a it ik enstabShy,
the effectofuhe diassreéparatedf frém ehd ftgibutehlist thtG horizbatalekines X tHeadl@e diagiatns GYHIEIES -

A detection, ri 15 all ows the sensi device to WO 02/ 42989 -15
PCT/ AU01/ ﬁ%%ﬁpﬁt@pp@h%@g&evqr%od%_ The ring is easy to detect because

it is rotationally invariant.  and because ,a sinple correction of its aspect
rati o renoves rm§¥ agiociafion isrdravd as ¢ ding Jgining tyo (ﬂéssaﬁ’é’PB?‘Pwh%?ﬂbdﬁﬁ abeithereft i on

axis 16 alwige ii@ipHeits b @le BRBdiARn! Phel@FAItThRApIcRS iSGHR! A AR (P iAdicdtes a
orientgtion of the tag due to the yaw of the sensor. The orientation axis
i s skefed PYuplicay of | ghfe 298P PRpE: Farh assopigtionsis oationglly. labeled with fipname, and

al | ow t he i§ QRS bptibndBy iabled & dithérnd AWithAREIAANE ¥GredpoTBRG (cRERAnRPES Bismbad/ ©
transformof the tag and hence an accurate three-dinensional poSition and

ori ent at i oRdisgtes; a1 aggregation agspoiationo(“istpartpfis and lispdrawn at dhe agaresator gnd of she
redundant | ped BligS1iked | MProve their inmmunity to noise.
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
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The overall tag shape is circular. This supports) anongst other things,
optimal tag 10 packing on an irregular triangular grid, such as is required
to tile agoasldgyary non-planar surface. The tags may, hopexyQiuo1fs28r r anged
at the apexes of any pol ygon having n apexes, where n ranges from3 to
infinity, as desired. In conbination w-t#+the circular detection ring 15,
this nmakes a circular arrangenent of data bits within the tag optiml. As
shown in Fbfeéhées fBan dnfindBestription of the padeZ The t8@GHhydRpAnted bn bSinfotRY REBR Tthedy 2
radi al wedge 510 in the formof an area bounded by two 15 radial |ines 512,
a radi al | yPagemBy bgjitorpna sihdaysr etthe nage\pr g1y be otherwissripcorposated intothe ragecTheas a
m ni mum diggRRsi 0 %aﬁkan‘ﬂ&(ﬁ | [ | i : e
(i.e. its inneir)&grdggm%&,%i s at Iea%&lﬁgﬁ at%ﬁﬁ?gg%gﬁéngﬁ%g%% . The
radi al heidgseribesf the yisible lagjeut 3nd content |of dliespageLin¢luding teit graphicsramd iiages) & also.

Each 4-di : ' A )
bost aroydeRiiba & ! cibiegh R S kel flptiting Bl ot ol HEHANRe Bdgh o
codewor ds dasceiptioris of diffedent petpages fayishareocoomponentse swhiab ad image,gpthdugh theonetBiges

h in Ei 5 .i.n interl d, f ashi ' ' , 49 51.
Synbol s ortft 1€ pepibil bitk SRR 8 ST aBerchl TP phek Bl tef Foch BB,
circul ar payginelads feraices tocthéseccoinb@n cofiponentse Al stpaige glloves tiexkings aEldé with a
maxi m ze the avera ﬁnbol s of the

e spatial, dj stance betweep any two, 25 s
Sane. code BSIPAES TP AR i SiFPG DR IR ARORH, GARLUELHA AReotird (LS Retpge ¥ Ephbol s
may be utilized. The physical |ayout of the tags, or_the shape and/or
Y anahent | of  MEDEBES Sap i De b Radt CaraDtins, HOuSen & Hiov pbtt fuough
wor Ki ng ofotiiefgisé Ri¢ijal Papes td bd Sistimuithed, l&&ﬁb%ﬁﬁﬁé’ist £35ine@aCthnidud alfe fdeflifier.
sufficient _inforpation faqor the, intended use. The use of redundancy in_the
tag i s prefispage I3 dantpticient pracision qe distinguishy betwesn all mgtpgecs sdsgsdiio Hegisedhin
wor ki ng Ofthd EiRirbiNADbf 3B. If the efvifolmeithieAmdiPBerPthd SRESER Hded nBPYE ab Breb ds/vigRd-
Exanpl es of other tag structures are described in US Patents 5,62S, 412,
5, 661, 506, theenyirounenpis Jasge. 5 852, 434, and PCT appl i cati on PCT/ US98/ 20597, the
contents of each _of which are incorporated herein by reference.

WO
02/ 429D - 16 PCTFashgaferensste therpage deseriptiondsienseded in giprigted tag) Thetag identifiea thei on
wth ata (=Yl - [ ' . j ] |l e
Fo see ar i vRES OF HIch if apfRAS, B (EDE Srarklly SERFHCD the G Pctifion, I o
regi on or puefenrddogmbpdimentsdhé tag alshddentifies isgowiepositionion thopigei Cimedteriftios of the

required gég%ﬁéﬁgﬁn%dﬁqgorgh&hgbe%w.w ew of the sensing device is therefore a

function e size and spacing of the tags. 5 Assuming a circular tag
shape, the m ni nym di anet er. of. t ensor. field of view. s.aqbtained when
the tags are ti Inti}fsgrneapgm f Il%ffaé%}%g?rpl B uf’%?nyg?ulfbﬁt,meag gﬁ&?\ﬁ#”f‘ﬁ& §iPe 6.
1. 2. 4 2Qg shehngeor@marygmpem Yearridfrided odvelengihs are myisiblepigethe hanaseyertyt areckasily
decoding of a.taqg of..fiqure 5 perfornmed by a sensing device,such_.as the
et page_ pansd bR e s dher Bk W choitonin? Btat, W sets PSR I R Te e
from 10 t heavelenglie oswavelengths hay Uy nged] i wiiclgeasoho filers arRgmired. Gihdravavelemghs( at

20). The center of the range is then chosen as the binary threshold for the
i mage 21. AYPCRKy With apRroptiptes gsélgﬁﬁﬂigﬁ"% segnmented into connected pixel

regi on i .e. shagpes,23 22) . Shapes which are too |1 .to represent
tagI tafgfalt st rac‘gfﬁléés 3%“@%%5%2"5@0!‘.‘“ §°“§?rlz’é‘ 'ﬁﬁd‘eﬁ’éﬁﬁl’%r ecop é‘ldnﬁ’gl‘ffﬂfe is
al so c28'puhédtied By Bty | hanenitE B hEnelingd Eyiteht) pieftEH1P vih @i earest 2dtpageprin®AC h

shape, andrht hese prqvi de ) ) } . . 1
e 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 user-supplied values for input fields in the page description
for each printed netpage.



15 the basis for subsequently locating target structures. Central shape
nonments are by their nature invariant of position, and can be easily nade

i nvari antwefo2ag®be, aspect ratio and rotation. The ring tatgaiveshisagt ure 15
is the first to be located (at 26). A ring has the advantage of being very
wel | behaved when perspective-di st or t ed. 19wt chi ng proceeds by aspect

normal i zi ng and rotation-normalizing each shape's nonents. Once its

S feC Oﬂd- order no Wﬂmlglaﬁdsmhimembﬁ metﬂ»age!m?&@ﬁbﬂ, g p'gge mesice] dnd Iﬂﬁ(}ﬁ@&:dmtpﬁgﬁin

i f the per,spective, distoytjon s.signi.ficapt. The ring' s original aspect
and 1ot ot 11O P FEEK &y o s Preffred SORMIETi e, POSE AR I PO Wk bIBARS v
+ transf or Mpetpags Fifted whithG@fnted tif 448, 6 kfowkD thehefph® usePWhd reqfdSted RCRIsdt €s8éntidB) -

Mat chi ng proceeds by applying. the ring" s normalizations to each shape's
O

nmonent s, dAthervrking o themvention iy itgbasicdonmsthaf the page instepoetbe asqopiated with either the

- second-@r : ' L ' ' :
ot o 21 gt B SR GBI ol Eipohdiy BitPal pabs d BRES el whSRAGAAT

possi bl e crifanthemithepagevas piintedci s. The shape is deliberately skewed to one

side to make this possible. Note also that it is only possible to )

rotation-nornalize the axis target after it has had the ring's

nor mal i zat1®ns aNBETRAGE TAGSnce t he perspective distortion can hide the axis

target's axis. The axis target's original rotation provides a useful

appr oxi mat1.21 of Tag\Patae@obmtendt at i on due to pen yaw 29. 30 The four

per spective targgt : . Eﬁkﬁg . d

esti mat es of thglﬁlra pg%fé#ﬁ %%@%g%%mgg&&g%ﬁ egg g%ﬂlo‘ﬂﬁ%ﬂhlgl n’oa\%ghlsegg‘%alng

r el at i Hhshas dag withih the région. Antdg ey slso aonjain flags Whichrsiatecto thewdgion asa wbole of tot he

ring, and r ' [ %% hi_. r . | Vi)

ring's nortprée]t 'zg'%e?é)ﬁnrg&Fg{ag%g% Egg’a%léps ?ehélggas]g tggegg?%g%&gg%dn order: k
nonent s arisdicatindoD2 fuh2@@DassdcTatddCHtIALHS Ihthedii8 arvaraflie tag dvithoet the sensing device
per spective target re,easy.to cogni ze, and the target clgsest to, each
osti mat ed BERELT 5 © ¢ REReta of i resion i, ncliiee 1o gmee Bkiepamele: pmits 4,
per spect i Vactiveafsa® BER wheih liethe omk ©fa hypetlinkt he perspective-distorted corners
31 of a square of known size in tag space, and an ei ght-degree-of freedom

pe Ei spet§i \ée tranas wmnb@ﬁmi-@clédﬁl&ﬁ&pl?ﬁed Bélowh al}ﬁsﬁﬁedéémlﬁﬂimeinﬂ @adhhilg v&itdins
under stood equagtions relating the four .tag-space and image-space pojnt,

pai 15 (Sednt S dProBiEcd TRt HRETS WHChTet dpBelAsiertog 4 Wl BRI B ng,
Mast er s ThffinSizin effedf o arp. in@iceddY ithedfiitfade of bPeiekRhélg prb6esh MTHedtags
Report No. UCB/CSD 891516, June 1989, the contents of which are herein

i ncor por atRsefergbly di¢, the_enbirecpage,canyl arerpufficigatly, small and glensslycarranged; thaighe pppyean
DT SPECt | gldeh ARAEO aMcbd 44546k bRni0h e Gtk 39 \nel gl O . il i i

position in tag space into inage space where the real -valued position is
used t€P biresagaize the page &P aH nositipn on TRy tinferatinn, with: the\page, singp shecintersstigriis i n
the input ¢ . The previously conputed image threshold 21 is used to
threshold the result to produce the final bit value 37. Once all 360 data

L 5 i e ) sl A ™

bits in tomdithe egiondDeencerigd in the tap dcthorefore syrouyneou withstherphgsdDi of the gageoerd

der | ; o > ; .
ot ocess. ALIBLAEREAHREEE 16 biiel (HSclftontl uf Tedl 6wl £ et T b B8R 00,
i s not2%s swhiegiah of @ pageeriothee murfaoe, Fon dxamphes it ehpeincidé with trrgeereitmsinefactive h
tag may b eeléiﬁe%g in \Lvﬁxcl\l’\@als«ls th%?egli'g]n csa}l 91%1:&3: Q&Emfnge 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-
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process for recogni zing and decoding the tag image to retrieve the data
encoded depends on the 20 physical structure of the tag and the system used
for redung@iblsyegencodi ng the data. The ring target 15 is egDAWMERE Iin a
subarea of the inage whose relationship to the i mage guarantees that the
ring) if found, is part of a conplete réﬁ'lf a conplete tag is not found
and successfully decoded, then no pen position.is recorded for the current
frame. 9§ meg'fleqnadlbwp rcedot’ ng @Wa?mndhgxdeahh% cﬂfferem ﬁ'gmﬁsml bef i!lﬁhﬂrl]}Of
view 193, .an,, native strate vaol ves see | ag jnt
Current i agBed TR b ooty Sie SoAG 2008 ERR TR SEGH G RRE P
+cont ai ni NQagd Pest B6r @dﬂd? D& répsu inhPBe Rbgdahit e s6t bitiags éﬂéedlﬁgﬂlce&dmé@s and

accurate position 35 the pen nib in the region, as well as the overall

ori ent at i gfother sgh interleayrd,jvith te dmstyencoting y @zpr@a%tessh)w%bsmrﬁ@atabtbe ooy Is

" transf g5 Maid (OAPpXESoR aly e e cileks bR jEAUELrBER ibrBhaih bR W bindie e oo
the pen's physical axis and the 30 pen's ‘optical axis. 5 Alternative
Tag St ructwhichshergystemepgillde pepdt ure j ust described is desi gned to all ow both
regul ar ti I i ngs of planar surfaces and irregular tilings of non-planar
surfaces. Regular tilings are not, in general, possible on WO 02/ 42989
-18 PCT/ AL‘O‘A 015Pan Rata Eneodingsur f aces. In the nore usual case of pl anar

S ﬁr fac esf wher e rmgagé aﬂﬁbédlmtﬂi @achdhg éoﬁ&msqlzebmaﬁfbhmon Fhe 13@1151&&&3@; cﬁtaCage as
sheets o and t I ke L cient 't stryctures can,be use
whi ch eprQ@BEM@ epeag aff winga {1 O Bedy 49&%%% M@%ﬂ& 260 eace bits, gonsisting
structige d’ﬂU&Jd&dv'd)rH@df u94%lﬂ@ambmrw&u Mhe ¢15, 3) ebdeMllows vp! t8 W §miB8l erld?€ tobe
alternative tag I s, squar e and four perspective targets 17. It is

simlar .wogeqt@cﬁea%lewerdtle@stlﬂ@kewafewwoquofémw biper cofevrasd-ent
5051746. The taggrepresents sixty 4-bit Reed- Sol onobn synbols 47, for a
total of 240 bi tBachfhit womwmgsemmewqﬂ%@mrsma@yan thettagq and the gyrabals,

zero bit Wﬁé‘ﬁx%@&%ﬁﬁggé jkd mgégr%m wﬂmaw%g gi&g%e.ﬁéssmsﬁ bt ér?&ggi -

are designed to be shar dj acent own 1 n Figures

6c. Fi gur endhaffistingmultiplgspatially adjawgt jts) dﬁnagammmdum hembed OEswﬂnebpmqall mgi
m ni mugg fi
Fi gure ©¢C gt”IOWS a}%%ég’gg?n%ng | ne %mwﬁ ‘%F]Ilﬁ (Y))\{?:éﬁa

i |1 ustrat iemor gmbpddlysorreigecdhg a (15, 7) Reed- Sol onon code, 112 bits of tag
data are redundantly encoded to produce 240 encoded bits. The four
codewords are inAny*tmabiedrrelpmmeeﬁﬂg;codd cddbnaubﬂeusbaglplmerrﬁmi(ms ﬁQRBahSdlbmme
to burst el 5 O%S, | D as be this,allows .egi on
1D of up 10635 cxaRE F1a St chac A ke 37 138 e Alsiaapdyl Wi e 1288 R alBHRE"
not overl mmemd nedeghhbrsizes, smotﬂeﬁtblcgkqus, of at differentirkivdl opicodbcsach as a
structyk es V\/m r.eseml e ets I s al.sq.saves i nk. The, perspectl ve

Car got20 ¢ raPRIGIOnRI ST et 10 At RIoo SPRE PadVioks Pt fapeel SvBERS T Digfet
required. GoagminiGagén MMdSieRge, MenticedRl d995) shelemehtsF dvtiich £ Bértih Giicokpotatédl by

above, with th exceptlon t hat steps 26 and
Cross-re erenc

1.23 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 detection ring 15 allows the sensing device to



20 28 are omtted. Although the tag may contain an orientation feature to
al | ow di sanbi guation of the four possible orientations of the tag relative
to the sene@bi298d i S al so possible to enbed orientation dergavoivoishe tag
data. For exanple, the four codewords can be arranged so that each tag
orientation contains one codeword pl acedSt that orient ation, as shown in
Figure 6d, where each synbol is labelled with 25 the nunber of its codeword
{ 1-4) andnitifity ettt the @ap. The HAg isSeafiDoldetsttibetdusé s Routiondlydnvafiakt)and DétGuse a
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e e s I Hefpectle Bt PPULRP e iEndiSvict of lifer s Gicbirk Bwb inhilioRt bl ©

change withih a stroke and 1s thus on decoded at the star .

Wthin a dransfean ohthy taghandchegesen accavstet thiepidinaensinual tpagjtiemanidsorientationiofthe ¢ag

Furt her ”Draativ%itﬁﬁl%sEﬁ}S.r otation of the sensing device changes slowy and
I'n a

pr edi ct ablry W t stroke, only one codeword typically needs to be
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representation I n register.d ng. this case each.bif.val ue (or
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val ue rpagking emare threigyl epnid csuoh asisgéquirad t %n aftitiare aon-plahar at a
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over head Qfze£¥deh idetatbitie régResehted By bahdid! WwedgdS 80 flithb f&a6MEh MELBoM@dSby two
positipned a various points relative to grid vertices_to represen
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Descri pti GRininf¥aPditheN3n of SOt -16@(9d;71 afd 8 dIQQmeNE@tHQ?ﬁ%@G.g?ﬁstiﬁ&r LRSHUY, & I N

aregion ID, atag ID, and a tag-relarive pen transform Before the tag ID

and the t gleastieayal {athisarinimyndimersiona Fhayadiak heigbt of theiwpdge §1Q.is abways fqwakto the
ot AN ! o . SO
Fegi on ol bitadiG #6ch 4-BRURE syl is rrlehi88 o7 b by S1BRCN b 58, s

each tag Ihestishoven indligyrel48.egi on to a corresponding location. The tag map 15
class diagramis shown in Figure 22, as part of the netpage printer class
di agr a®@ A tag nEe 18f4-kit datatdymbels lvf raachi o thet six tdolewdrdwears uallbeatel toethe diouwi t h

tags, and this. can ry acgeoyr di to surface type. W nultiple t ed
Fag: one. sipesk aomieh g 165l Tedrtu B ele 3. iREncaa Rt Ry bl des
t hey can ai9sto ShaSyntols of fifse tb asixthiwodewionds 5203525aref dlocated aligrodtelynis tcirbslar

retrievable via the region 1D. Thus, given a region m a 20 tag ID and a
pen transfpd?g’ffss‘t"ﬂémf’ﬁ(gg‘ﬁgﬁ'can be retrieved, the tag I D can be transl ated

into an absolute_tag location within the.region, and (he tag-rel ative pen

oeatron oo be The e e B tedtiel s meGie e BYocaeh Seatiel e RO En OO | on

W t hi 2§ hesyimbgls 6fthe $amde obddvadrf) OllerSefangEARnts 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 tﬁe 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.



Two distinct surface coding schenes are of interest, both of which use the
tag structure 25 described earlier in this section. The preferred coding
scheme uswe oxugsgat i on-i ndi cating” tags as al ready di scussedT/aAtimaiseernative
codi ng schenme uses "object-indicating” t%g_s A location-indicating tag
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al | ows a ufpplying the ring’s normahzatlons to each shape’s moments, and rotation-normalizing the resultmg
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
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and netpage printers 601 connected via a network 19 such as the
The ring target 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 seeking 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 irregular tilings of non-planar surfaces. Regular tilings are not, in general, possible on
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Internet, as shown in Figure 3. The netpage registration server 11 is a
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on a | network. 1.5 THE NETPAGE PRI NTER The netpage printer 601 is an
applia el'\‘h% ch is registered with the netpage systemand 20 prints netpage
docunents on demand_and vi a subscription. Each printer has a unique printer

ID 62, and is commctatasbearing defs 43 of Hhedas wetqﬁﬂsnsd\rp BOLOVEHIR eIk neighlorsy S0 thap

Internet, 4683 éfYta¥d darfhob bﬁﬁﬁé@@ﬂxcﬁﬁ&”%fch%senﬁﬁ@%g&{ Offid 4RO tshied ARAThe
security settlngs I'n non-vol atile menory, the netpage printer need not

cont ai n arBerspeqtiye Sargaie ﬂ@tﬂé?ragﬂow,dste@tmn Gfcthe, tags sq further trgetsrase ot reguitednBagwor k

is the 25 @%E&HQ@ 49 Aftlo
W th the h‘ﬁﬁg ” tshe I stribute neiltnggcggﬂpl)gge s{é%/\?}éﬂrﬂst&%?e%ﬁ?%g%gﬁgg fa{'/ of
parti c@? ar28nse eraifed.pri nt er s.

Although the tag may contain an orientation feature to allow disambiguation 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 Figu;e 6d, where each symbol is labelled with

25 the number of its codeword (1-4) and the position of thei,symbol within the codeword (A-O). Tag
decoding then consists of decoding one codeword at each orientation. Bach 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
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The netpage printer receives subscribed netpage docunents from net page
publication servers 14. Each docunent is distri.buted in two parts: the page
| ayout's, wH@2apge actual text and i nage objects which popubgtadoigisesoes.
Because of personalization, page |layouts are typically 30 specific to a
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greater detail i1TheIgginapfor@ réfb st B felridvallEvia MeSedioh ID. THRE Sivédnla fePion PD, a
20 tag ID and a pen transform, the tag map can be retrieved, the tag ID can be translated into an
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absolute tag location within the region, and the tag-relative pen location can be addéd 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 séheme 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 lo¢aﬁon within the region. The tag-relative
location of the pen is added to this tag location to yield tjhe 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 element 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



1.5.1 MenjetTM Prl nt heads The net page system can operate using printers
made with a Wde range of digital printing 30 technol ogies, including
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In the netpage system a dociument is described at three levels. At the most abstract level

the document 836 has a hierarchical structure whose terminal elements 839 are associated with
content objects 840 such as text objects, text style objects, image objects, etc. Once the document is
printed on a printer with a particular page size and according to a particular user’s scale factor
20 preference, the document is paginated and otherwise formatted. Formatted terminal elements 835
will in some cases be associated with content objects which are different from those associated
with their corresponding terminal elements, particularly where the content objects are style-related.
Each printed instance of a document and page is also described separately, to allow input captured
through a particular page instance 830 to be recorded sep#rately 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 descrjiption 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. Bach formatted element has a spatial
extent or zone 58 on the page. This defines the active area of input elements such as hyperlinks and



-25 bend actuator 320. PCT/ AU0O1/ 01528 Figure 18 shows a small part of an
array of printing elenents 300, including a cross section 315 of a printing
el ement 308.02489cross section 315 is shown without ink, PpoT@ueaoisgsshow
the ink inlet 312 that passes through the silicon wafer 30l. 5 Figures
19(a), 19(b) and 19(c) show the operati'rfig tycle of a MenjetTM printing

el ement 300. Figure 19(a) shows the quiescent position of the ink nmeniscus
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14 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



1.6 The Netpage Pen 5 The active sensing device of the netpage systemis
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preferred embodiAiipagd M ekl §2 AflodaltS doBirniaDS 37 dnOdeinAd8! RAOFoPiAE RhdS OF

“interpretation. The preferred enbodi mrent of the netpage pen operates both

as a mé kibplgnaingofpage sepvgrsada itsyD-allaeptonsghRiopg st yl us. The narki ng aspect,

however, is not necessary for using the netpage systemas a browsin .
system such as Avnetpage piinter, yseq tbs?lmmtrﬁ)@ wied iNemer $ystean (PN, one topen
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to request, say, information froma network. Furthernore) the force is
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t he posi t ngiRagsrprines ip psompyterwopkstatign,op en @ Jpgalmedyartk.ne observed perspecti ve
distortion on the imged tag and the known geonetry of the pen optics.

Al t hough the position resolution of the tag may be | ow, because the tag
density or-® he PEHRNETPAGERRINEERy proportional to the tag size, the adjusted
posi ti on resol utThemetpmge printer G0l dhan applimee whiphtisegisierad with the serpage isgstem and
requir far accurate 0 021 42989 .- 27 handwd t.i ng recogni.tion.

ot A 1 s 3ok Hofpmenft o drapd B g AsCt Y atn, bt 35T Pule tiner 1D 62,
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e e e DA rom iy atd seoity boiings IohRVolatle femory. Be metpage pater |

need not contain any persistent storage. As far as a wser 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. Bach 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.




Each netpage pen has a current selection 826 associated with it, allow ng
the user to performcopy and paste operations etc. The selection is
time-stangedistwsal | ow the systemto discard it after a debceadoiorsperiod.
The current selection describes a region _of a page instance. It consists 10
of the nost recent digital ink stroke c@@twed through the pen relative to
t he background area of the page. It is interpreted in an

appl i cat i on- specTle netpaga pablicatiare sérver i optimigesrithet &dmématam afpdulcinerit icontemti iatoa
sel ection _h rll‘t iivati.on. Each pen has rrent ni b 824. T|S|sthe
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" net page p&ﬂo‘dgﬁﬁehmcadmifqny,%ﬁmmt he nar ki ng ink nib or the non- markl ng
15 stylus nib is current. Each pen also has a current nib style 825. This

i's the nib styl eoh@Sthe PHERFE has &delvedt metchﬁ;pmﬂpagv 1&duB il | dbfekis QRat Rfifle tHen

* response to the user selecting a color froma palette. The default nib
styl e i% tpeumenptodeprinted.dteanpHatthe dgcmentne curreént nib. Strokes capt ured

through a pen are tagged with the current nib style. \Wen the strokes are

subsequent | y repFhsraded asmé«gﬁaaﬂ@nmép%mﬂc@enmes pimuligngously encbogh sides\of theh

meghalr;a tég% gfgmmnl cat g@[eﬁh% pen s? \t/’\fmwﬂt es P‘tg‘ﬁ“%ﬁ?“"so[‘mﬁ%‘.“é%gﬁ t he

pen fail s priothewls 36@ fon this pupase.r el ati ve to the page, it nonentarily activates
its "error” LED. Wen the pen succeeds in decoding a stroke relative to the
page, it nonent dfhe Bﬁnang pme&seeodsisls of o' deciipled/stages uastecizatioh of page deserlptims.ok es
is refgtred,to as di o¥ 1&‘5 Vﬂ)nkformsthe bas for.Z'fS %he

di gi t a e>?8‘?15’r‘?68 ot r%ﬂ“ﬁ‘és RREY TFRBGun e TG opsp PRSP D BRI PhReTE
hagdwrl t | mbre atdaﬂda‘r@u:tsmlmsmeunmag fn pasdliel rThef d@legéﬂabﬂﬁteﬁlgmghﬁntﬁﬂl@rsi con¥iktr 6l €ss
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"ink. The Bt B i cpBpnd T eteEitEe Fpeeaimiees o ol e e OBELHIA B anc
packetlzectpé@ﬁoﬂﬁm@pmeadsr@ﬂﬁmﬁdngﬁes but is always flushed on a pen-up

event to ensure tinmely handling in the printer. 30 Wien the pen is out of

range of a printPintérk nbt/édabled {6 Bivisible IR rihthhgl K@ ilAbptidh 'tB pYint #Bd Géind 8BS 2
capam{ﬁ; of over .ten _m nutes of continuous handwiting. Wien the penis

once abhi WR‘WFH’W&H’&% alfhough this Fsizicts tags (o otheryigs §mﬁmw%f>f@ﬁ@aged@§h%h

ink. The [ g SRive RloRMirBifed TRicRiomlity MR inRidfbleR- ﬁ-ﬁa&ﬁ%&é& they #MOEPLARABE
28  PCT/ AUOl/ 1528 A pen can be registered with any nunmber of printers,

but becaudetpages- st ate data resides in net pages both on paper and on the

network, it is largely inmmaterial which printer a pen is conmunicating with
at any particul af norma. nemaﬁmrmwmmﬁsmh% of papep d¥iore spagializad; tstnags n

greater d Lh s Wdeed £o 17
NETPACE | %&#&Cﬁﬁﬁrhe net %%ngreldnt er ® S%r e g’:gg/e% 8 &3’5 a%s%ﬂ illgter
st r oke2@ r cuprotte apleast oY surfacetypbiaing eupports at least one tag tiling scheme, and hence tag map,

‘for each surface type. The tag map 811 which describes the tag tiling scheme actually used to print a

document becomes associated with that document.so that the document’s tags can be correctly

interpreted.

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

1.5.1  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:




is used to interact with a netpage 1. The coded data 3 of the tags 4 is
read by the pen when it is used to execute a novenent, such as a stroke.
The dat a wbloguswsdbhe identity of the particul ar page and lecaayntoshed
interactive elenent to be determ ned an%égn i ndi cation of the relative
positioning of the pen relative to the f&@ge to be obtained. The indicating
data is transmtted to the printer, where it resolves, via the DNS, the

page |1 D 50 of the stphotographit qualityecoloe printidg addriess of the net page page
server 10 which nmaintains the correspondi ng page instance 830. It then

transmts the sty okeaighmualitg texapntingr ver. | f the page was recently

identified in an earlier stroke, then the printer may al ready 15 have the
address of the rel evhighirelddiiRyserver in its cache. Each netpage consists of
a conpact page |layout maintalned persistently by a netpage page server (see
bel ow). The pages | ayewprifitef &k t 0 objects such as inmmges, fonts and pieces
of text, typically stored el sewhere on the netpage network. Wen the page
server geceives & he g% iik@stf romthe pen, it retrieves the page description
to which the stroke applies, and determ nes which el enment of the page
description the strqkgpgfirbdt ersects. It is then able to interpret the
stroke in the context of the type of the relevant elenent. A "click" is
typically a stroke 1€ opeiitiofll stance and tinme between the pen down
position and the subsequent pen up position are both | ess than sone snal
maxi mum An obj egt j o Livated by a click typically requires a click
to be activated, an g%@%% Hﬁ31@¥ a longer stroke is ignored. The failure

of a pen acti on,.suq*;ghgﬁinaﬂ%ge&ppy" click, to register is indicated by the
m t ' "

25 | ack of response pen's "ok" LED. However, where a netpage

includgs a button as'i'lﬁthl' &Vﬁsﬁﬁﬂ}]ﬂ&eﬁﬁﬁhﬂgﬂ ed when both the pen down and

pen up positions are e aread of the button. There are two

ki nds of input e]eng 'ﬁ 2 age page description: hyperlinks and form
fields. Input thr ougcﬁ{nga‘lftor mfFC?(gerPd can also trigger the activation of an
associ ated hyper]i nli.wig lr'c7' 1 I-ﬁgnerl inks A hyperlink is a nmeans of sending
a nessage to a r'enot & %‘fieﬁi and typically elicits a printed response
in the netpage stem
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863, form hyperlinks 865, and selection hyperlinks 864, as shown in
30. 1P\ gelew.Dlackyasd infrarad inksss welb pepaper condifiengr and ink §atiye, | nked docunent,

or may sinply signal  a . _ .
e 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 arg 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



preference to a server. A formhyperlink submts the corresponding formto
the application. A selection hyperlink submts the current selection to the
appl i cat iwp.024398d he current sel ection contains a singl e-wptt/Avoeos29f text,
for exanple, the application may return a singl e-page docunent giving the
word's neaning within the context in wii it appears, or a translation
into a different 15 | anguage. Each hyperlink type is characterized by what

i nf or mat i dend sctatod820.t ed to the application. The correspondi ng hyperlink

i nstance 862 records a transaction 1D 55 which can be specific to the page
i nstance on whi chigiBa8hgpes hisﬂhllipaﬁtomﬁenapm@ﬁﬁmngT&lanéﬂwmeﬁcmmgl Do

Cart” of SEPAS A DRRLOE SR A0, Ty SR AL 4SRN W ik oS HORRE SOl 1

of the us%emgmgbgwﬁgmmgummb@wmngm current selection 826 in a
- selection hyperlink activation. The systemincludes the content of the

associ g ed for m FEgtaRs), mﬁ)aﬂa@(&@ﬁdﬁwngéﬁmyeﬁt&umng&m?ﬂ lé%e:ltf
the hyperlink has’its "submit delta" attribute set, onl y i'nput since th

| ast form38®bmi ssion is included. The systemincludes an effective ret urn
path in all hyperlink activations. A hyperlinked group 866 is a group

el ement 838 whi cFigwadd@hshaws theiquiesasntnpsition pfke inksneniscusi i Gpriprio pngtmgeny_ﬂs

Wen inp u?r%@&,h Uh ist rBa e th tﬁ@ﬂoz&ieechgnﬁzlé %ggfﬂ'ﬁacé ﬂsn% ﬁ&%@iﬁﬂm&ﬂ@mw 844

associ ate he group 1s activat yper group can ge used to
associ at eﬂ\l}qaewlal305fmdbetwpemﬁlehozalefcmuré%mdabelakehwcﬂmii%lt can al so
be used, in conjunction with the "submt delta" attribute of a form

hyper 11k, to pr%ﬂd@rmmm |thmpumhqadrﬁMOScpnamtlarxb$mb\a¢S| data fiom therprinh engitieor e

be used t I I | d | S
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field el enents 845 of the form Each field instance has an associ at ed

val ue 871;benhaciatqnA3Q beuding fawand therfabstspisci0d Thenleve grm 8 bty thg wptement
el ement. E3Ghb hdzRleCthiibdt 304 SPR ASzzle ihbtinbdr 08 UEtVed abiHt ttvs @fans%' e Pesifict M

I nstance, 1i.e. through one or nore printed netpages. The formclass diagram

i s shown ishow guifigurg 19(bEdes ineseases the ink-presswrasforeing ink 321 emf thainerrls 300 e es
whet hegg t hgndly ik ik ﬁ@u&cﬁ? 314 {o°6 8 58 nﬁﬁb‘%&zﬁé&ﬂ 1304 Prebets ﬂi‘éxlﬂk E:%%saﬁ 3f18

active mhen Irst printe econes frozen-once It 5|gne
form beco@@%ﬂ@sswmﬁmoﬁﬁengmelqhsmwﬁms& on hyperli nks has been
activated, unless the hyperlink has its "submt delta"” attribute set. A
form becones voi &s thedemperasure oF thejbaarn lpaies 308\anil 309 equﬂlzesetbeactmrrrﬁm:retums to

duplicate ’ f been
ot ve. exdiSBaRRSAce MR es et ool iRl 3% hone iCro 8 e
f or m i nputchangbea) dsoshewn in Figute 1%(c)o Wl nezzieorhamiéri is refilled roytthaedtion ef itte surfatecad

captur§§ | swn%t&a%glroug%flel d 833 of the 15 rel evant page instance. \Wen
the fofm i actt Ve OF froz&n, form subnission is allowed. Any attenpt to

submt a form Y r zen is rej

hatead el ol ts aps A aphyh ookl of € b0 AR Rotptee s, B jonpl e
associ at ecpriptteadi theviull idihyf thepapet (pficatlg 20 then) invihel diréceion 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 noz%zle 302 there is a corresponding nozzle
guard hole 331 through which the ink droplets are fired, To prevent the nozzle guard holes 331



1

it, thus providing a version history. This allows all but the |atest
version of a formin a particular 20 tinme periaod to be excluded froma
search.. AVbo2npesy i s captured as digital ink. Digital inkpgfheesgts of a
set of time-stanped stroke groups 874, each of which consists of a set of
styled strokes 875. Each stroke consi st2®f a set of ti me- st anped pen
positions 876, each of which also includes pen orientation and nib force.
The di gi t aftormh Bécomling paper fibefid @ \bthet debis Filtefed - is pimpbdithrongh thi dlkts 845

Doclledby
can be a checkbox field 877, text field 878, a draw ield 879) or_a
si gnat ur e 'Jfgﬁé‘P ot th ﬁaﬁgh@%{’m@ P&“&%%ﬂipé"df’“atdm giﬁ%ﬁym’&?g‘% 34.
- Any di gi t 3luaidikscaRBWhil€theipini@r &i@é.d" s zone 58 is assigned to the field. A
checkbox field has an associ ated Bool ean val ue 881, as shown in Figure 35.
Any mark (peti ckTh@NefghigePen stroke, a fill zigzag, etc.) captured in a
- checkbox field' s zone causes a true value 30 to be assigned to the field's
val ue. A text fi Ehejpactze sensingdevies ofithanatpage systamyis tamcally aden Alywhich, psingite
36. Any digidedded ' tonfi : [ I, Gal
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i dentity Qimbobignept\iismiting the ifferfhatian'@ athetPagh deter fok ifstpreagodf the content of
the formof which the field is part is generated and assigned to the

field s value. Tige ste@irbdbmbdditicik Bf e nStpeRPef Spated WotE 4 MAkiAE ki andas
prlvat$ signature, key specific to the application which owns the form -
Onl i ne'3i ghRAnParking stylus; Fhemarking asRecty BIVEVERn 10k BRSBHAT SErisme dhe Refpagn pstem

Pl amondon, asR bRANEIE syt bich, as WOl B4 hsedsdsgaﬁwrﬁ‘et\i@éﬂ_ficbpgadh%@gd iid er
Identification - The State of the Art", Pattern Recognition, Vol.22) No. 2,
1989, t he tegistered dthdhe natpagn systam prd kasrs ninve P A 6L Fighye &3 shows the nefpagepn A
field el engpg a?rallﬁli,qgﬁé&ﬁh% Ré&-x%ldie!&' HfRRatdA! hihihbe bgsa refistration TeAEET bh G

el ement does nof have an Thput zone on a page and does not accept Input. It
can have astpagsuestwerked fiel d val ue which 15 is included in the formdata
when the formcontaining the field is submtted. "Editing" commands, such
as stre®e-t hr ougMBen reitheranibrig in eionta¢towith @anetpage othp pen alstsgmingses ippsitian and
fields. Be . iti 1 i conline" i e.
i th accosdipail BBIEROME bhid nt BRI TANATcR) R0k bl 401 8 1080 oh B nib e
(i.e. w thnerpreedreiativy te o tresholdntepindi¢ate whethd thepén isd'up’, or Ydowalhh Thicalpwisze

run-on dis; aWitte 8 . ] A L.gh. ac c wi_t hout
2 or - i eiegeent b e RAFIEES Sidkell b brksnBlick Bolell bR ent b T
S 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 ihverscly proportional to the tag size, the
adjusted position resolution is quite high, exceeding the mlmmum resolution required for accurate



automatically generated over tinme, however, and can be generated up-front

I f necessary, Digital ink, as already stated, consists of a sequence of

st rokes. wow2atesoke which starts in a particul ar el ement’' pcram1LB28ppENded
to that element's digital ink stream ready for 25 interpretation. Any
stroke not appended to an object's digitdl”ink streamis appended to the
background field's digital ink stream Digital ink captured in the

backgr ouncahdvaiitthgirecogmitien. pr et ed as a sel ection gesture. G rcunscription of
one or nore objects is generally interpreted as a selection of the

ci rcunscri bed obPenciktonsatlhtiveugh néthage aret captureld 2t @ sqpice dibdtiokes. Astroke consists of a
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the filled-in fields outside of those fields. Figure 38 shows a flowchart

of the prdaseed vith MeneHrent nle stylen fYhen, the strokes are subssguantly deprodncedy dtheyr greess

consi StS Geprbdifed Mithtnib SyleSfthwiich they #E@gddaom the pen; identifying (at 885)
t he page instance 830 to which the page m50 in the stroke refers;
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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.




888) whether the formatted el enent corresponds to a field elenent, and if
so appending (at 892) the received stroke to the digital ink of the field
val ue 87kyoiophsyspreting (at 893) the accunul ated digital 2oTiAve1/0is28 he
field, and determ ning (at 894) whether the field is part of a hyperlinked
group 866 and if so activating (at 895y 28re associated hyperlink;
alternatively determning (at 889) whether the formatted el enent

corresponds to aAbyrpaih|Heﬁkglﬁé1€dTﬁrﬁhaﬁ§nﬁhmHer6@rﬁl€efrs bl bebghsd all stdQdntatrdiRlesin
erlink; alternat in the absence of .an ipput field or

di |
Pypor ||l G5 i gt (Baper9d) o Fle 16 QB s SRR ST, WHCH) ATNCT S 1 he

- backgr ounqohinghidatB3 FithanshyGRRuRMat 891) the 25 received stroke to the
current selection 326 of the current pen, as nmintained by the registration

server. Figure 383refiRWSmBodifkaidr et doh WeRabEd Bf &i&ae&?ﬁ.seeu&h%@é@%&s

- shown in Figure 3 W O 02142989 -33 PCI/ AU01/01528 where the accunul at ed

di gi t al® i Aefergncedo Figareg 8ita10. nterpreted according to the type of the field.
The process consists of determning (at 896) whether the field is a
checkbox and (at 897) whether the digital ink represents a checkmark, and

i f so assilghi ng NEXPAGE#YTERACTION val ue to the field value; alternati vel y

((Jlet esr9 810;" nﬁ (at 'ﬂ&&))etplageprgﬁér 60h eectives dita relafing ﬁmtsrt]nﬁkeﬁfr&nm@ehfmls(vhﬁﬂﬂyﬁénti ng
at t.he ital. ink to u ext,. . with the the |

appr opri at't® SFE Faéﬁ‘lv’éthag"él’%ﬁ M“é’s‘iﬁ‘%ﬁ fihe togs4 is epp Qﬁy&“?é’e‘bﬂg‘?}b‘f‘?é‘&’d
conput er tt@&iecﬁ@ atlh&/efﬂeﬁﬂ Shch s WestroRd, (THE 'dﬁﬁa'al'l@dvé’th@‘i&éﬁ thé pdrdulBQhge and
Wnethe the field is a signature field and if so veri y|n at 90 ) the

di gi t al0 i ARsogiated ueractiyp slement tgbe determingd and gp dndication ofithe Frlative psitigning

appr opr i atpen redaive it eipage ﬁ)eﬂevﬁzftamé&r ?ﬁé inﬁﬁatﬁn%tda&%)lraﬁanttai ioahe m&awre nOf
the contents of the correspondin also with the hel

regi st r at i"efRlve® Viacthe DS, theinage m.go 9t>thpéﬁ°kwm@rth%nwmkaadére§q ‘@frtbﬁ mtnagk o9ge

| at
G ot al s e ALK RAORE dACoRRohiRk ba 1y Ml 8RBT bt B gl lf e
server copAgenetrves I thoragewas wicensly identifiad it adeﬂrlmatrblge ﬂ;enttheprpmgenayam&y | t
bty ool o of 8o Rpfialacd b 3 i Eithe HIE AOGER con udbeiRIRRRGIEY,

reset L or dayoutnmeintiied @ersiztegdy b ca{]I netEREe pogs smm'résael belbi). Ehecpagé ilayauta'efwaga
91 9
Gupl + cat o e oS Ldbe FoptrAd Peges %?é&%i@hﬁ%ﬁ%%%ﬁ%ﬁ%ﬂ@% '&Bargeéle‘&’@fk

docunent status nd 917, as sho e 0l r m conmman
voi ds the corres@ge R 528° SFIYES rﬁ%efvzfﬁ%&’&mcf{f%l‘ 88?%“[’ ﬁ’feégl}‘?r?ﬁ e pgen to, e
cor r esponadvhich fher m&a&bﬂ[&ﬁﬁaﬁlde&ﬁﬁﬂespﬁlﬁﬂhlmﬂ ofi¢hd ‘pﬁgepﬂés&’ilﬁidnCtﬁé))étrafe t he
curre form i ns an th.field val reserve The contains the
same %ﬂ)eﬂtfrﬁ%tsc té \gl%tﬁ Wﬁmﬁ@ﬁg%ﬂ?&eﬁgﬁm’“ ﬂﬁ‘eéﬂ’e °§8’F\ﬁ/‘ﬂ?"§ﬁ Lhabl e
fromthe origina n, appl i at|o reset formc v0|d t he
correspondi ng f m® ﬁ?@t’éﬁg@ A"%ﬁ@eg‘“ﬁ't‘f’ea 'iwﬁ?‘b ecREByIB ¢ he
25 form i potiGHiC endihe Isuﬁse@bﬁt pealupqﬁasﬁbﬁ Gt bt lessTthan msmnmaml hg oﬁfwm
hyperlink transacyi the original. A get formstatus conmand

produces Avhigh ‘ﬁtaétb"afegﬁ’d ra CIEFE typigally regujres GFh‘f]‘ht@ begrtivaisdo it srgordingly # danesnce,
i ncl udi ng s iPipAbIes. B fiifure 81395 hétiohPsacPid d*tslagpy"fc%k,\e@,%gaste; 1s\ﬁ§ﬁca%'b?anc )

and t formstatus of the forminstance. Since a formh 3{ perlink ins

cont ai4rs dackof xespense Semythe pemhe “oky JHED: Flowgyerukerq @ nefpaggdnglydesp buttpn 4 click”

produci ng cn BE Yéeisttrdd wnémmale O;Qntﬂé%%dr %Hﬁ?&élﬁ%@ﬂ@ﬁ&%m ﬁlé.‘%{e%?%é S
therefore téq};)l cally inmplenmented as a hypérlin A dupl i cate page conmand

pr oduces I-nt ed copy of the correspondi ng page instance

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 1.7.1 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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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 gi'oup 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 occurs.

1.72 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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to submit a form when the form is not active or frozen is rejected, and instead elicits a form status

report.

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

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 ficld 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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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’si digital ink stream is appended to the
background field’s digital ink stream.

{D

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 I

—
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zone and
the form, to route the form to a human operator, on the assumptlon that the user may have indicated

amendments to the filled-in fields outside of those fields.

Figure 38 shows a flowchart of the process of handling pen input relative to a netpage.

15 ‘The process consists of receiving (at 884) a stroke from the pen; identifying (at 885) the page
" instance 830 to which the page ID 50 in the stroke refers; retrieving (at 886 the page description 5;
identifying (at 887) a formatted element 839 whose zonej§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

Sserver.

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



time format, and a | ocal currency, and whether the |ocalization consist of
in situ translation or annotation. These preferences are derived fromthe
reader'.s wo®alspdsy by default. 10 To reduce readi ng difficectiadeoaased by
poor eyesight, the reader optionally specifies a global preference for a

| arger presentation. .Both text and i ne@&- are scal ed accordingly, and |ess
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reader shi p denographics, and the page area avail able for advertising. In

t he net page, syst he net page publication server conputes the approxi mate
mul ti 30 &'%énsi%% EEW?EEGF“'ga lication's sal eabl e advertising space on
a per-section badipsge sexker cgmimandisaceommand twhichpis andledt locailysbygbo pagasarver. It
coverage, th Lol seadership. the size of each reader's section
edition, e c'ﬁteggﬁaé&g?pg%ﬁvéarg?ﬂ&&n"é prog)%c%r ?eg'n, and each reader's

denogrgphi c. 02/ 42989 -39 P U01/ 01528, |.n _conpari.s w t h..ot her

medi a,ﬁ)he net p\égepa%’é?lg’% & %?%cagdéeelat‘f%qﬁﬂmsﬁ o) eaa‘ié‘PP?Pi%??fH‘
great er debmirand 808 @ kdservform rcaminand PiG; aeget dbrm statu domnand G115 epduplitae pagd t
therefore allo |4 to be sold at oser. to its true v, e. .For exanpl e,
e sane SRPBAR Q1% o Bes Somat 5130 R ge deds e hepiami s dirbons SGueRty s
adverti sercammahd D13, adeset dicahnentRatitand 916265 gét ABEDIENY stiteCmbhand 917)@s shown
adverti senent of one advertiser or another, overall preserving the
proport i orf®&f 2ce sold to each advertiser. The net page system al |l ows

adveréé ing to be linked directly toetget ai | edp&r’oduct informatjon and
onl i né“Hur chasi n‘g vaid form comglaad r"a}d_é ® tREeiPA &5?@ ustages. o duglicate form
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automatical ly by net page, . )
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 theh 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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10 publication servers, an advertising aggregator can provide arbitrarily
broad coverage of both geography and denographi cs. The subsequent

di saggr egmbioem2dge ef ficient- because it is automatic. Thi pcrRalesoisks nore
cost-effective for publishers to deal wth advertising aggregators than to
directly capture advertising. Even thou@4the advertising aggregator is
taking a proportion of advertising revenue, publishers may find the change
pr of i t - neupidateldpipe Uomnfhd i Pitdipredl @ Cdplicite Boih ddtnRind2 A8 Hab® BommiRl -
advertising aggregator acts as an internediary between advertisers and -
publ i sher PTodyees apyinted £opy ©OF thesegriesponding tnage instency Wit the bpakeroperb fieldavalusns .
It is wor ' ,ﬂg¥ﬁg efRtorii t.p |4 | BmbSn e
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* the ful | @xif i | ati.00ns. lySer 0. adyverti sing
agar coit or Bl the, bieefnallE k! Bty iRt SE vhen SRl T
provi des swhom inwasprivkeddamslthsstatts dfany fomas it corang ordg pasire, | ncl udi ng support
for automated auctions of advertising space. Automation is particularly

desirabl e for t HEhepletpageriogd whichagpearst onssverynietpagdiis abuatlp associnted with laldupligatent s
of incone,_ su I.ocg}{t'bzed adverti senents. Once pl acenent

h _as.spall _or . highl
has been r?éﬁ%?cl?lﬁetngﬂl, ?Pfgfegﬁcb’r"@ge&’l‘%fau{?'é P EYeIdOR edits the advertisement 25
and records it a net page ad server respondi ngl e publisher
records the ad mﬁ%ﬁg ”gﬁ‘ﬂfﬂféﬁm%%mgﬁﬁé‘ﬁag‘g%s HS?F%V%‘E:#&O"HP“%?’%F‘.‘%n
t he net(pagkeiphdtive ¢atin, Q8 Sehiebidtiark appeard 4l a SRGlard SRickak Priphitahddzet appears as
publ i catign, i cks the rel evant advertjsepgents fromthe netpage ad

i t iser
Server . 2 tpesssiaR Yiggsangd signptires appepr i thei qrigina) 1ogm, Jyjthya-yignature preferably
per sonal i zaédnspanied bfi‘,%?sal@ﬂﬁﬁﬂfﬁbla&@w, QadtAnaad graphicemdieatingd Rucs sl tsiBaMtureOf

user specific profile information, including: publication custom zations
WO 02/ 4298¢rificgon.co| | aborative filtering vectors contact details
presentation preferences PCT/ AU01/ 01528 The custom zation of a publication
i s typically pubfiduplicatsdocyseqnt eqmamang prodyeestapsingd eopy of the-eamesnending deawmenton
I's mai{¥ aijnegd : | 4 | r . b e
i1 tor g hearerith IRctE R DELATAGORY I TR Bl tilains nf P 6 e
It is useduplicateodocuinent cominand deplicatess the formsnindhe sanse Wayr a diplicpte fpws esmmdnd

maki ng re e EJPBH ' ' p At Al i Ng. | ngl e
col | aborative qug%%grl ngm/\?"lgc or‘gp’ﬁgﬁé:ggeﬁﬂ‘zlﬁf??g"%g?&%h%%%%i’?ﬁé%%? pu fns?%ge’l on,
t her e ar e withobackgrounts fieldyvalues | discamded ¥ rtbe tdoombent oontzinntuy forms,Sthem rthd eesdt0
vector fory, each bl i lon. theredis likely to be nore averlap t ween t he
vectors of °%h s'(t:%ﬁt\)me lrngq'%%g{g%eettogﬁsn% the e By %5??% ﬁgﬁ c?fg'f'@@éﬁ“t’ %c%egg%cfme&
subscr2erstatdsacodinfafid prodiicep alprinted tremonison tha dtagus (ofi el coaeéponding ddcuteehtyindtance@ant
to present, i.its users'. .collabgratjve filtering vectors .as_part, of the_ val ue
of its br dﬂ%‘,“ﬁ‘?ﬁfﬁ? Boblished i vehen i Wi eeinted. or, Whom sy peine qud the statys, of ARy
ar e t her efforn® iedoffaingai Nt ai ned by the rel evant netpage publication server.
15 Contact details, including nanme, street address, ZI P Code, state,

country, tel ephoHehepaghesrser comeand’®bad selbﬁteﬂ’ah?ihﬁte i8Rt &wthle&'gﬁhﬁhmﬁptr@ésf a
net page registration server. Presentation preferences, including those for
quantities @gtpgge é‘ﬂ?ﬂ"ﬁ‘?dn]é’é the pen’y FYTEel §¢3¢£'°n father than ‘on. the page containing the

25 command. This allows a menu of page server commandsito 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
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gl obal and mai ntained in the same way. The |ocalization of advertising
relies on the locality indicated in the user's contact 20 details, while

t he targeypegssfgeadvertising relies on personal informatiearaweivogss date of
birth, gender, marital status, income, profession, education, or
qualitative derivatives such as age ran@®-and i ncone range. For those users
who choose to reveal personal information for advertising purposes, the

i nformati QRod SrvaPdoRinRind Bk iRV oh Medidah GAHke A€t Page registration server. In

t he absence of such 25 information, advertising can be targeted on the

basi s of the denographic associated with the user's ZIP or Z1P+4 Code. Each

- user, pen.qgri ntﬁmﬁﬁghﬁﬁiﬁ%m%egé and application is assigned its
own uni que identjfjer, _and the netpage reqistratji server mai ins the
el at i onshi ps. baPVBEATTRE, % <Rl Eken 1 prird 3ith e 355a8 oshray taigbotiog

- registrat iifdicap hixdis &Sa nelpagt lahd Hefforé BastinRRRVeproperiicd. e REPE his6 aéth 8a 36py

provi degd, and i‘é ublication, is a sgeg‘%ogl ki nd of 8tggpl i catlon. Each user 800

may be BT Lot sags ec n&#?o‘_@ 0 produces A CoRYsof; paggy the,ease 9f p dera ﬂ_PFay
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(at 66), to which WD 02/42989 -41 PCT/ AUQ1/ 01528 peri odi cal publications

are del i vePaRenishe brtton glicits apsexplanatasypete orpdvertitig pAge-demand are delivered to .

the printer through which the user is interacting. The server keeps track
of whi ch publ i shEtesdefaulisinglepage sopyhiypetionds hendled; directlyobyt the relevant netphge page:

printer. AeREbbi-sfes iORL Resvd Bikid @I\RM‘ | souli@kiopr | Nt er, but
i nstead reso ve%eét hewggﬁl\?\ﬁen afe'[ﬁlﬁs re%w rg%p@g er?gg&%dsag)wl%&gg)cri bes 808
to a publication 807, the publisher 806 (i.e. application provider 803) is

aut horjgzed ¢ 0 prijgen HELosYsiem fied printer or the user's default printer.

Thi s authorization ¢ rrevoked at any tjnme_ by th ser .. user. y
have several pe aéﬁ%gr)"ebdﬁelﬂb B'ﬁtqeéle&’ﬁéec‘fweé hf%a ﬂ“@? ﬁ‘BPBI%E@ﬁ%aP?aWﬂ%er

i s aut hor ipteskdticeliditea dingdlépdge ofinformptidn)including:hen that printer recogni zes any
of the user's pens. 10 The pen IDis used to |ocate the correspondi ng user
profile naintai ned jank oppikteriCdshictiGiet page regi stration server, via the DNS
in the usual way. A Wb term nal 809 can be authorized to print on a
particul ar netpage Rtatidlofprinted dofMnaBleyeb pages and net page docunents
encountered during Web browsing to be conveniently printed on the nearest
net pages pri nter.« 15 (Jhrvaakpasausyst em can col l ect, on behalf of a printer
provi der, fees and comm ssions on inconme earned through publications
printed on the poVigdeimeit RinbttinShetn SUCh i ncome can include advertising
fees, click-through fees, e-conmerce conm ssions, and transaction fees. |If

the printer is awneqoDibvdREphiiSletwdP@Reclod® User is the printer provider.
Each user al so has a 'net page account 820 Wwhich is used to accunul ate

m cro-debits andr&qleg;ﬁaiutpfovﬁcﬁys me%cﬁm&m&v}a}ggsé tBe ﬁJiﬁagQ t&gsfeﬁgi ng

par agr aph); contact detail's 815, i ncluding nane ress a ephone

nunbers; gl obal ﬂeﬁi&ﬁﬁéﬁ?ﬁﬁc%ﬂuﬁ&ﬁ@éﬂ%&fo&%ﬁgﬁéi very and

| ocal i zation settings; any n bionetric records 817) containing the
user' spgncoded s§ gnaidf £ %%f hddagehPri nt 819 etc; a handwiting nodel 819
autorrat(?cally mai nt |nedc% t%e system and SET paynent card accounts 821

wth which e-congrer %npgmg%%ﬁygmogg nmade.

. 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 subsequentlyisubmitted 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. |



25 2.3.2 Favorites List A netpage user can maintain a list 922 of
"favorites" - links-to useful docunents etc. on the netpage network. The
list is Rpopaioged by the systemon the user's behal f. |tpcgAatogenkged as a
hi erarchy of folders 924, a preferred enbodi nent of which is shown in the
class diagramin Figure 41. 30 2.3.3 H$Bory List The system preferably
mai ntains a history list 929 on each user's behalf, containing links to
docunents etc. areaRRp shgdYs &Muﬂ?%aﬁaﬂﬁwmhér?%t&% Rade fo)siin€ Th tlié cdss the

- organi zed as a date-ordered WO 02/ 42989 PCT/ AU01/ 01528 -42 list, a

pr ef er r ed “eFBoHeis it apd thppper Gan rwquasiyRmote diagpesisqvarthe BtYOKam i n Fi gure 42.
2,4 | NTELLI GENT PAGE LAYQUT The netpage publication server automatically

| ays out the pages of each _user's personalized publication on a

sect i on- by sect | RERSONALIZED BUBLIEGAHONMORELer t | senents are in the formof 5
- pre-formatted rdatlefollesing désenptivhenepls dcwseld asa ¢aheni¢ah gablicaticnrezarhpple tocitludtatel al

tentz Th tising.ratio, f ti be achi gved with w.ld
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ad | ayout sérlsgof deivdpapepdal diewsmdghzifie neWsptheingaaed s26pe in tieGiéseateomekt iowidki enpt
to co-locate closely tied editorial and advertising content, such as

pl aci ng ads for mahé ne@agibptenil thé Reitirfal cadtbnt antitdié Rdiemsinl Bdnteni tof QNnews
because of a. speci al featurf on do-it 10 yourself rqofing repairs. The

editorial P8 arg cegropalized gping diffesens imechanismy The eflitorial Sprtent ds persanalized

| mages .angcdidmodhe readerisNaplididy Stated hndmsphicily Rapthied Yﬁékﬁ%ﬁ&%@%&*e?ﬁsﬁ%‘ es.
The entire process, including the selection of ads and the selection o

edi t or1Qhl cewentdsnersopalized srsonding te the geadercsdogality and demegrpphic. conver ged, to
attenpt to nore closely achieve the user's stated 15 section size
preference. The section_size preference can, however, be matched on average
over tine2hl| oFHIPRIALRERSONAMZATION. { 0- day vari ations. 2.5 DOCUMVENT FORVAT
Once the docunema subscriberd cantdraw toni tweekindslesf fiews eduirdes: ehoke dhastdelibett hews and
persi stent_storage an.the netpage network Jhe primary, efficienc ‘
nechani smPP&'¢ ‘gg's L thase et %ﬁ“’?ﬁﬁ‘*&‘fﬁri&‘%‘ﬁa %&?"&&ﬁ‘%‘%ﬁ f‘fﬁlagg'i%%?d and

edi ti on arditédtyahdpiblistier,TedE siteahin avpprepated ditheiEbyshews publikhér 6@ B§ a spdefalized
speci f{ i nformati on c&nsi stg.of the page | ayout. The@ared i nformati on
consi st OFWE rassErgfiek+ ey pvlieatiops, aﬁ’a C5Rend; &P ofraditiqnal: IngyFRARELs ndffes,

gr aphi cs, mBWwshmighBraS whfle béWS stredns 4h be bﬁﬂgtan@ Rbicdk A rdwH hetws’ RENBbIS ndvaX T |
preferably represented in the Extensible 25 Markup L.anguagetéXI\/L usi ng the
r the

Ext ensi bl Sergics)acareqn strip, 3 rgalgrce writer]s colagm, p frisnd'q bullatindeard o
mail.

er’s own e-

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 sélecting one or more conuibuﬁng 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. '



control -over text formatting independently of the region into which the
text is being set, which in this case is being provided by the |ayout. The
t ext obj avo owe9sai ns enbedded | anguage codes to enabl e auPomAULL01528

transl ati on, and enbedded hyphenation hints to aid with paragraph
formatting. An inmage object encodes an'i3%etge, preferably in the JPEG 2000
wavel et - based 30 conpressed image format. A graphic object encodes a 2D
graphi c, pref er affleyrender ol extend thée dhily néWspRger by rSiny dustonPiectiéls) edehf gHenat S
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- suitable for efficient distribution and storage. 5 Table 3 - netpage |ayout
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page, page._instance docul_malnt, and docunent instance. The server conputes a
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channel for each, su t. and then tags ch.user-specific layqut with the
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user's printer ,vie? %Be a‘gﬁireopri ate(gqge server, and when the pointcasting
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r ecei ViBNg tdkbSprivetietics aver thefidlofiefgeser ver and printer subscribes to the
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e pa
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In sections where it is appropriate, the reader may optionally enable collaborative
20 filtering. This is then applied to articles which have a sufficiently long lifetime. Each article which
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 l:owers the threshold used for matching
during collaborative filtering. A high factor makes it more iikely that the corresponding section will
be filled to the reader’s specified capacity. A different serendipity factor can be specified fér

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.



-44 creates the fully popul ated | ayout and then rasterizes and prints it.
PCT/ AU0O1/ 01528 Under nornml circunstances, the printer prints pages faster
t han t hewvoabsige del i vered. Assunming a quarter of each pageriavoromses ed with
i mages, the average page has a size of |ess than 400KB. The printer can
therefore hold in excess of 100 such pa$8s in its internal 64. MB nenory, 5
allowing for tenporary buffers etc. The printer prints at a 'rate of one

page per second. '];]h-gk!s?éedlﬁtﬁgfgaﬂé?is%ﬁmtepco%ﬂ&'ﬁgn Qe PR qualiy induald§ g.wma

per second, whic mlar to the hi ghest expected rate of pagé data
del i very dmages garbbeodediivered] The treaderoptipnadly speeifies aars«rfmem foxfemevimpgesssmalleruch

bl o r ABBAPERSDyfr om0 meds e bt SR ol gy iy Betietd

10 st or agdowamaality Yi.€. at xienresolatibn drlomdvgeaten dormipressig)i Altemats/elyrﬂllethma lof thernor y

+ does fid| t hen the ter a make use of a nulticast
when éflqu‘{myot%ﬁ “Tﬁté' E \éﬁfhﬁﬂ%fwnq Hmtggrver therefore all ows

prlntersto sub e for errthl asts. ri | nunber, of

DI nLers (0 SUOTLLs LORITRNE Ol AL RO hingbe B, Sk bt P

COr I espOoNGidgeaiBed. Mseb{romt SpeciffingOniethet xﬂﬂﬁklﬁ'&ﬂﬁeﬁaﬁ orpietiit,erlocal tifike izBiiecdndC an

produce an, exact dupl i e at any by . retrjevin s page | ay uts and
contents f“l“!?nf ?‘g‘l Al cuswepcy eeirrge me‘éheif‘@@m%ﬁsm #pnpr

net page dQgadiRidh. Tiesé fefeRnta dreRriINtFitlhe kdad&r&lobfity s defairl | zed and
delivered in nuch the sane way as a periodical. However, since there is no

sharedjgont ent) 'Heleii@' éadify mgmgé)cﬁhéd%tﬂoﬁr &yasigﬁ@the %Hd@rséﬂuﬂﬁhul_? shetifRls a

w thout the use of nulticast. Wen_ a non-netpage docunment is reglaested on
demand, i telqbal preferepes for admESaneseniptipn; Bothdext and yrmasesapisealed srearrinaly; and less

net page f GfiIRLGLRAE sebdn¥Rddatlioh Bachphgy Mats it as a netpage document. A

h
net page formatti ng server s a specfal instance of a netpage publication

server. The net ppgehala hsé‘w\% gt'fdﬁ Sﬁﬂﬁﬁeﬁf anéPied Qbi&sﬁdgﬁ%g
docunent formats, 1nc obe S P rta Docunent For mat and
Hyper t ext enmdmplsmem@mgef%am Mlicatianand et apreferende exprerged by thewsen. Hmeuﬂe of

i - 681 gy S B ooh 6t e AP OB ARG il ARG A€ | )

all Web pages directly Iinked to the requested page. The user can tune this

behavior Y& a pasy ﬁlﬁ}ge ?g)er Eg@btr ng server nakes standard
net page be gvr or, 1nc .Nng 1 ?%Aerac WA ‘{FR{ ersi stence, available on
any Internet docifeRes {0F the pditoripl SOD&?"F F|° niffects, the jadveriising gontent,
know edge yataush ddvertising lmﬁburﬁrﬁacwror&bmltfme@mt&% Rodt)&. Tiveld AdACFoP Exaiphs, aRRNd

t he net page page server hi des know e of the netpage system from Wb
servers. m y 1o gppsar in a travel section than elsew ere. The value of the editorial content to an
20 advertiser (and therefore to the publisher) lies in its ability to attract large numbers of readers with

the right demographics.

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 patterns.

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.



-45 3. SECURI TY PCT/ AU01/ 01528 3.'1 CRYPTOGRAPHY Cryptography is used to
protect sensitive information, both in storage and in transit, and to

aut henti agp@2@mgdi es to a transaction. There are two cl aspes/AvL1/01528
cryptography in w despread use: 5 secret-key cryptography and public-key
cryptography. The net page network uses "B cl asses of crypt ogr aphy.
Secret-key cryptography, also referred to as symetric cryptography, uses
t he sane key to Iarompaiisonwdthchlesr ywetliaathemetpagesystemmllpes thecmlvertisihg syacd o be

T0° Publ | c RG5PALE Pttt i e ol 1t Q0 20 areTHTE TPSREBLAAIAT

- uses two B¢ o AtRIbséay fis trddMaldeWo keys are mathematically .related in such

a way that any nessage encrypted using one key can only be decrypted using

the other key. Qg &RmpIBARS sdtYAvbriising Cflotdthh b8 361 in Vatying prdpBrtidhd) &) seWdralk ept

- private, The public Ige(ﬁ_l s_used to encrdépt any nessage intended for the
&g S ag

hol der of 2fYratissrs) with dndeddual radeas’ argsyprdemhyEsréiyng fe afumstisemeptef ong adyexiserye
can only Q?aﬂoﬁae@,%&ﬁéﬁb?e@e&ﬁgﬂﬂp}dﬁ%nﬁhw?ﬁa&JST&'toeIJHSﬁvérHé}r.part'es can
securely exchange nesSages W thout first having to exchange a secret key.
To ensure that t Lyat ' Gvbiing to | §8dix

the private key ?% Bétk%gr%af}'g %Kgll%sf/% air. glPItJObI.b?(_:I-ﬁE{gy creg%'g 3‘%:@%3‘& g)gc?]dugt‘;
used to criefgrreatign gnchonling purchpsing.Jt Gerelpneraises Ge intdrsicivialue of the advertising space.
create a known hash of a message and then encrypt the hash using the
private key. 20 Berpusee personalization vandi flgcalization t 4re  handled pawomiticslly cynaieipaget es

the "s{gn . of 0 . Of ' (0. t
parti (S:1u a&%hﬁecgg%ﬂéger%%gd%c%% [ %5 {‘%%gie}é{: \réilﬁpﬁreogﬁéas lh‘%'sls'ﬁ%gﬁ‘téovtﬁﬁﬁ% F&g bo ey
and ver i f ygeogyahly end dsinographicssThet subsequens diseggrédationmis efficjent becassei it iscqmpommtied t o
t he nessa then the recipkent of t nessage,can verify both that,th
nmessage i gﬁgef?g‘%ﬁe& ange tcﬂ%'gﬁ%[uvﬁca%gr R‘rg’?ﬁs‘beéseio gf’t‘ evillgld Y rt{s%ﬁn@ﬁc.gat% ﬂ}aél ﬁ’ake
EUbl [ \?vh kefheeﬂypéapg&aphye:ﬁﬁngk ,Evémﬂroe%:m idvehising a.gigyg%or- i taking B Uirepoption : | ofc
eys iC revents inpersonatio is is ngrma one using certificates
and cer 1| PELSTARE YR RRP 0SS g dnd e Daned PRt GpTe pecpiee ot R gtbptertiepsy
party 18 G aggiepidvhi Tht edvirtiing aggegtor Cattsdad \oB EifiteAnddiddy ibetweey adveitissBNE@Ne’ S
identity. The certificate authority verifjes tfiew@_rs,on' s identity by
exani ni ng Pudshers+apd oy plaesthe sameadvertisament in puliple,ppblications 4 di gi t al
certificate containi &%&t he person's identity 30 details and public_key.
Anyone who trust’® iy werth-eeting that ad plagemenbin 4 Petpagn Prdlicationerap bp moee omplex ham e
certificatyg padeiest Rl Y pHRRLES Otradifbdal chtinerpdi@ibelduse the YRBIdaf6N’s TG isidgSt
have to verify that the'certificate has indeed been signed by the
certifi catspacgus more eopplexhBadle jgmoring: the £yll cemplexitiesiof aggotiationshgtveen pduedisersi on
envir : o W | Wl WO
0/ 42029 869'9@%&%%%’%%«#%)1‘%%1 RORGEAPEY Préfel?dll Yortd HF Fhe fetfeol ¥fshent! pvided 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 advertisemeijlts from the netpage ad server.

2.3 USER PROFILES

23.1 Information Fiitering
30 The personalization of news and other publications relies on an assortment of user-

specific profile information, including:

. publication customizations



signatures and to securely exchange secret session keys. Secret-key
cryptography is used for all other purposes. In the follow ng discussion,
when ref ay@ngm9se nade to the secure transm ssion of i nfopgetAvorotses ween a
net page printer and a server, what actually happens is that the printer
obtains 5 the server's certificate, auttéhticates it with reference to the
certificate authority, uses the public key-exchange key in the certificate
to exchange a secr etcoRfiordtiRefiltaingWedtbrst he server, and then uses the secret
session key to encrypt  the nmessage data. A session key, by definition, can
have an arbitrarily csh@étldetail €ti me. 3.2 NETPAGE PRI NTER SECURI TY 10 Each
netpage printer is assigned a pair of unique identifiers at tinme of
manuf acture whi ch angesshiidadrifbren®@d-only nenmory in the printer and in the
net page regi stration server database. The first ID 62 is public and
* uniquely identifyg i6miRitdat 0 . net t oy c '
secret and is USE%S\?\/%en th%oaprg{ r?t glrﬂ;l?gmﬁ trlés)?ﬁ?%dg sﬁ@rhga&logﬁﬁ? e’g%tqw%)dr:)lgws
When t e shitemizationdnfiomoation isymaintaingdbbythg eelevantgipree publication §ervest tine after
installation, it 15 creates a signature public/private key pair. It
transmits the sedcellabdptivnfiltering vectbt Gopsikte pf the wsar's|rgtings of &rpumber phigeavs items.

regi strati r. r € et |17 ai nst_the, .
printer's Ifsjgel‘cl?sg{i%ﬁ ISOF‘]éi?:% r e%fxﬁ%n“slg{ggqﬁér? %%g%et,hg g’%ogegcojefplf@g? LS ‘f‘n(s%if1 %1 on
i f the | DAlthaughhtherk taret bonefits teahipmirngla singla sollabomiive filtarmp vectarnindspendeatly b
printer's publi.c 1D and public signature key. and stores.the certificate in
Phe r ogi sePhProfusEpifCaldi B oo Rifesions WALt Biporf pOREGLIS BphiEin & sopdh

cer t i f1Qcatvectenfiohedch pyblication? éiepeig tik¢ly tobeancre osérlap betweehe vertere 6Bsubserib&s fet

i nfornati allowng,.it to verif ri.nter identity. N a user suhscribes
to a publ {toegams pubEsficn, thy betiesn thosd,of Syhscritee tﬂé#%ﬂm ptops: apd g puklication
dat abase auliky foavdngio fresemuiblvsérbrollibdrative RlterfingtvebtoRlak pat bftle VAlud éF8ts bEl, S
default printer ar a%gecifiec rinter. Every document sent tq a printer
via a pagdesi befound elsawhere Seoflaperative filtaring Hegtprs At thepaforg also; maintaiged by #Re t he
publi sher rbigvaRBndefige pititichtin@ervé. Pri vate signature key. The page server
verifies, via the registration database, that the publisher is authorized
to deliger the pokliictaetald) ihSudiBe ndRE CittebCHINEE! ZIPTOEIL AR, I6ILG! teléphbid ©S
the signature using the publisher's public key, obtained fromthe

publ i sher nymbers:arg glebal by Batwre coand jave maintainedhysa nefpageresigiatiop semer. The net page

regi stration server accepts requests to add printing authorizations to the
30 dat abase, so Presentation prefesencess dunduding those foniquantities] dates and fimes, racg likevdsee d

to the priddal andInattdiheds BENwaECURI TY Each netpage pen is assigned a
uni que idgri# %alner at ti rrlé\ﬁc%fs manuf'acture which is stored WO 02/ 42989 -47

PCT/ AU01/ 01528 i fpd - On {rgapg N t:he RPfitd Bad t )
regi stration server data é‘gg. hfeéélpngrr:rep% %@m&m qugf ?/nd? enﬁlﬁft?‘ggg rﬁecof)lteaﬁt on
t he neRq)aglemﬂgthdlthe 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

O =

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 th§ demographic associated with the user’s
ZIP or ZIP+4 Code, |

Each user, pen, pﬁnter, 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 users to use it. Each user has a single default printer (at 66), to which



A net page pen can "know' a nunber of netpage printers, and a printer can
"know' a nunber of pens. A pen communicates with a printer via a radio

f requencywyaiogiago Whenever it is 5 within range of the pripeeavof3es a pen
and printer are registered) they regularly exchange session keys. Wenever

the pen transnits digital ink to the pri4fter, the digital ink is always
encrypted using the appropriate session key. Digital ink is never

transmtt ?ﬂd}dical ipeblichtiohk are/deiOdted b defauld VASISSpaRE: Miied EiXdeMatd Yrelelidrad tol
knows, indexed by printer |ID- and a printer stores a session ke%( for every
pen it kndbesprinterdEugh Whichbe usepis inoracting Jhe geryes kegps Hagk ofiwhishopublishers gansarg

- capacity fial ;S8&He@%o 5ANSto thE sefs | defab® rpﬂ%\fher.% %ﬁﬁﬁh&%&?ﬁot%crﬁd the ID of any

| east-recently-used basis if necessary. en a pen comes within range of a

printer, tpadicplarprintd, it ingiead regplves thedD wheadtierequirady know each other. |f they
- don't know each other, then the printer determ nes whether it is supposed
to knoW t he pen. When 8 usergtwbscibes 8Qf taox anblicationh 8075 theepublishep 806 (it eppjisatian a

user who ig5s.JLkegi e . ' P -'hg.e | ' now
t he pen bLP?OJé%gssﬁgf ,Es gﬁ%n |§?(|) E’Pﬁ g{gsr}’%ﬁlﬁeeda% ona?r%lbl %segé?lgﬁ?ﬁt?%%n '
pr ocedur e.authbrizatien paxi et 'vokied at dnyrtinaenby the ubemdSach beer pap haveseveraltpeng8iebutwi t h
the pen to ignore.it until the.pen i.s aced in a charging.cu t  which
e it i eb Poegt b Phel shercie Bofen F slfRe 1 e MpRp AL A opm ot BE
t he pen caedoghines agy efthé eder’kpansexchange key. The key exchange key is al so

recorded in the netpage registration server database at tine of
manuf ab® ure. 20 The peadDr i Gisell todbéatsthe ichespaidinigrBasprofile mdimaipeiby Dphuticilire

printer, and the .printer transm the pen ID to the netpage registration
server. TW&tPg%@rR?@?“%'eﬁé%ﬁfe‘gai‘%&*&?@@‘"ﬁ&r the printer and pen to use,
and securely transpits th ssion key, to the printer. It also,transmts a
copy of t heys es s‘ggﬁ;‘k@mﬁcﬁﬁg Gnbe W@M@ Pﬁ‘@hg‘éa REIclar M tpAGE PrNLSF, ‘Hﬁ’\vﬁg
printer stweepaged tdiRffak® Bodafiénts BheSuiRied urihg) Wk BEbviding! tb Be RErVediBatlydgithted

transmts the encrypted session key to the pen. The pan stores the session
key 25 i ntSBhpficppstnelpags@Mtesy t he printer 1D. Al though a fake pen can
| npersonate a pen in the pen registration protocol, qgnly a real pen can

decryptdthe sessThshetrage sysigratn cellsgt By behalf obp privter provigearfees a9d evpisissipys on
unr egi st erigchnidChirmed thrbhght It)dbﬁwﬁéﬁse?&qed o tHeSprViders PrinReS. $&éh #Fdnd canlindlide
linked to a user. A reglistered but "un-owned" pen’is only allowed to be
used to reduatisingdees. thiqkithionginfees agemmerce semmissionspind trapsgcan foesi Bithefpsinter is t o

regi ster aouﬂx@%}'ﬁ:@ﬁsér%mg&efﬂ%egﬁ%‘wgﬁﬂ)vid&aUt omatically linked, or to add

a new pen to an exi sting user. en-uses secret-key rather than
ben. - V0 02/ 42055 U R bt 351K 030 TR sl Aladhlls bla®
20  credits (such as those described in the preceding paragraph); contact details 815, including name,
address and telephone numbers; global preferences i816, including privacy, delivery and
localization settings; any number of biometric records 817, containing the user’s encoded signature
818, 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 HistoryList
The system preferably maintains a history list 929 on each user’s behalf, containing links

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



The net page system supports the delivery of secure docunents such as

ti ckets and coupons. The netpage printer includes a facility.to print

wat er mar kgo obiegsvi I 1 only do so on request from publisher pcvawososs2sui t abl y
aut hori zed. The publisher indicates its authority to print 5 watermarks in
its certificate, which the printer is a¥le to authenticate. The "wat er mar k"
printing process uses an alternative dither matrix in specified "watermark"
regi ons oftist, b prefr@a emBaditerit of Whick isphoesinchedlass diapiata'in Figuresi@e wat er mar k

regi ons which coi ncide when printed. The dither matrices used in odd and
even pages' watermark regions are designed to produce an interference
effect whe@Mt he IneglLGENTRAGELAYOBY t oget her, achi eved by 10 | ooki ng through

the printed she f 4ol %ggr )| r&arde i h okt 1 ot

vi si bl e when | omeng %g%oﬁ%ltc%dnoé Si de %‘{”‘{"1‘3‘8@5’\2@@? %{?d&? slﬁ F%)ss?f ehn u?ﬁ{eg
' page i s copisenhlibsd publicatibn o sestiorFbyyeestian basie.Rimee mibstadvertisementa aredn thedomoefi ed
using the buplt - t C ani I hbed. i jon 1.9 above.
This exX eﬁa%f°{%a‘t°§6éy}?“ﬁ§f% g&ﬁg&g&g@#@@%&?@%ﬂ;@gﬁg@ ocgg%%d‘ers. 15 Secure
docunents are tygpically.generated par . e- [ [ tions. .They
can therefore in@feua erﬁﬂlgg ﬁgg?&sa sﬁ‘fa%f‘c?% %%%hﬁn%ﬁﬂmrgg&ggﬁﬁgég\% i %oes
user regi ndndividinl pages within thé esctiad, iand thei atl Haytohieal goeitim geploiasghist Thet dlgonittmeisver
as described.in Section 2. \Wen present | t secure net page docunent,
he rect pitaRRERhfo pRemtR g sorlbrait iRt e o) AT cpofert S 2 ABSHR A,
usual way .forl Redfitig) mShteial Epedificallys @ahincthé ublidatibn becase! of ¥ Bpdcihl fieuturt oA difit-
lifeti of tgf docunent, and secure docunent |1 Ds are all ocated
non- cotit i JYBEST IPOHRE I5PEFent their prediction by opportunistic forgers. A

i fi ' I ith ilt-in f Kk

veri 1 cat i on 1 ai T eltope) Safspb IechAcyR i 160 GROTBE 5t 310 PR FRREs and
verificatigphics]ieMen Mid Gk hd26rdidet6 viRius hd¥ihetic Ak, t he user’s photograph are
secure in a cryptographic 25 sense. They sinply provide a significant

obstacle to casuple &nifedfibdess, Bnidie HO ce1EBBhA oF &isi abil Sl deRBrionP ¥ elitériHl 86dtdht,
using a verification pen, provides an added | evel of security where it is

needed, bumust Be itarated onge thedasiont kas gonviergadhdo aigemps foyaere gloselgachiqvekhe sgismiated ON
In theL@eEfe&ﬂﬁ s2% Hr&@Blende THE sctHbiTsizd ?{%féi'é’ncl-! 26, ShoRbfer 06 mkBhedbn’ SlekdgP!oVer! O
forms handl ers 30 'and are persistently archived on netpage page servers. It
i s t her ef dime, pligyGrgdigrificapbdayrte-daynadationst o repudi at e del i very. E-commerce
paynents made through the system as described in Section 4, are also

i npossi ble for the payee to repudiate. WO 02142989 -49 4. ELECTRONI C
COVVERCE MDEL FROCWIENTFORMAT 4. 1 SECURE ELECTRONI C TRANSACTI ON ( SET) The
net page system uegés thb@lohasent & Rlde6it Rk @ndodad $aCdfficient (dbinibutioy ahe Persistefn e

of its paynent systens. SET, having been devel oped by MasterCard and Visa,
i s or gani ARG IFIePagEREEK cards, and this is refiected in the

term ngl ogy. However, nuch of the system.is independent of the_ type of
accouné)é bei ng uSEPHEATH éﬁﬁ%mha@@ﬂ%ﬁh& W@Bﬁ infarmation ?P%ﬁﬁcggtsmgle
card hgl der e EHifod £id3ifofmAtRE shired bativedh Buléifle tusdrb’Cetlitfona Ut Gpédific Mifsimatich
i ssue

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, p;eferably 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, preferibly 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



with certificates containing their public signature keys.

The certificate

authority verifies a cardholder's registration details with the card issuer
as appropyvoabmegand verifies a nmerchant's 10 regi strati onpdefawiol/sisegth t he
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- 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

20

pointcasting is complete, multicasts the shared content on the specified channels. Afier receiving its

pointcast, each page server and printer subscribes to the multicast channels spec1ﬁed in the page

layouts. During the multicasts, each page server and printer extracts from the multicast streams

those objects referred to by its page layouts. The page servei's 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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credit andetdelind itd fage RFOUS Aflicohtelits SroinGhe elRvAUIRe k@o&. et c. An application
provi der can be a publisher of periodical subscribed content. The system 10
records the user's willingness to receive the subscribed publication, as

wel | as t ey expeOi<DEMANDDOCUNMENTS publication. 4.5 RESOURCE DESCRI PTI ONS
AND COPYRI GHT When a netpage document is requested on demand, it can be personalized and delivered

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 a netpage publication server. The netpage
formatting 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 matter what its origin and format. It hides
knowledge of different document formats from both the netpage printer and the netpage page

server, and hides knowledge of the netpage system from Web servers.
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set of nulticast pybiereg brypgRphy bin Bé 823 thieeales IfHE1 Hishalife.| THR HVIdeY BF The
signature key. The page server uses the application ID and alias IDto
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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 well-known.

In most transaction environments, public-key cryptography is only used to create digital
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Chen al | ocat es. 2 VESh He s Sonnbct 7k uBlfde ol 0 bk 6 hisbhmS Sk Mhaghlior B
hyper | 151k orentps @signdtire. publicprimaecieely ipaik. It trapamits thelsecset IDiaagd) therpublic lely ceourdlynto
Figure 44., The hyperlipk request records the |Ds the requesti,ng. u and
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rejects the request if the hyperlink, request has expired. or is for a
di {c ferent appl ?Cg{hpréﬁ_user subsc¥i€es toa publicagon, a recorc? is crgated in the netpage reggstration

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 privaté 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 régistered to the printer.

3.3 NETPAGE PEN SECURITY
Each netpage pen is assigned a unique identifier at time of manufacture which is stored
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25 internally, 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 fill 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.
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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 asgb@pgrdshe digital signature to the signature fiepdrawi/ests the
associated form s status to frozen. The digital signature includes the
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provi der T7df theThage, and igdost whesl the page dscopied by vermal meanky per | i nk request I D from
t he page server 10 when the hyperlink is first activated, as described in

Section 5.2. WeBagehef seaurg documeptsicantiol bercopiaddising thechudlitin netage enpy msehanism
applicatio ider. id I.cakl V| redit :

ori gi nal pyaeé‘g{bg‘glrn\clggef ﬁ(fnolgge ggsrvl\]} % te? %gb ﬁ@?ﬁ%ﬁgé’é(&g‘?ﬁ% I%&eﬁéﬁﬁg&g&
serverq pses the erlink re t i dent.i | g |.on,
and se1n s the cr g%/ﬁ%fe ‘%’ﬁ o3 %gquéﬁag‘zéggegag%dg%ﬁf} é’%l%'oc%gglgr%\g/é%ﬁ s%inaoggéfeht%ﬁéén
witht Pelémet_?_fr?ee mplute detuser’s phdtgtaphi wmclgwfs stptutedt 5 whéh ﬂﬂ,usgjﬂgikthmd lrb;mmtrli_' ! id nk
reques ) e.reqjsiration server credi e, cqrrespondi ng application
provi der" sm@mt“g@éé".n ag%F%“ﬁ@PisfﬁV%'saﬁ‘f?&"QB‘bﬂ%réﬁ‘H provider. If the
application proviger needs tg credit the printer pravider, it. sen e
PPt o 2o pr vt JHEn e il € e nptgpis ARG eeObieStea it RS Bithnre
hyper | i nk byo@g@sting itd. stahiz€in @ROSus FayEThelifitfue TD @f A ¥dr@rd doolimen® GURABH valiD férQhe

i dent i the.printer, and sends the credit on_to the rel evant regi stration
sorver 28 oguiies ofhe AocREnt, md e desummpiciDE o Wpraitd o <SSP FHVBY et

cor r espondpridiction by opportunistic forgers. A secure document verification pen can be developed with
built-in feedback on verification failure, to 'support easy point-of-presentation document

verification.

Clearly neither the watermark nor the user’s ﬂhotograph 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 l¢vel 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. ‘
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Referring to Figures 8 and 9, the pen, ~dmeral |y designated by reference
nunmeral 101, includes a housing 102 in the formof a plastics noul ding

havi ng wal4 s 103gGRrhoNICLENMERUEMOBEL 5 Space 104 for nounting the pen
conponents. The pen top 105 is in operation rotatably nounted at one end

1U6 of the, housi @m: ﬁr@gm over 107 is secured to the
. opposite e‘hﬂ 108%“']%%'% I'ng . hgtchove_r' 107 is al so of noul ded

plastics, and i sTheoretaage systam usemrihe; Segyrs Flectrpmic Feansaction (SET) syeim a3 neeply e
the user tﬂa%aéflg g&é}ﬁs. SEL ‘!ﬁviﬂ% bkéhedévaag%mggmwm@:aﬁa 16, RObZhiiged! Adund! Ne

s a main part 109 whi bstantially surrounds the end
108 of & hepaymoensiqargs] @nd oltis sis oreflecpadojne thei tegmipology. odowever, vinichhofp thgj Bistem Efack

1 the  wai PeePifiges of Moyt Bl e o S Bl SR pP e blleed 1 | 21 T
Surrounting an B ot shd il N Yl Cor RGP Bt ke
met al end wiitecertifiddes tontdinidg rtheic publis signatum gkeys r Ehe certibcats aithbrity Therifiestal

end piece 1 i.s,renmpvable.to enabl.e ink.cartridge 15 repl acement. Al so
nount ed w‘ia#ﬂfd?rﬁeregg% kv h; | AEOIB T & aanfng%D aﬁ 6‘%8§°saa f“fe&?a%d?»
117. The awgistrution kkéils Switl sl bauiréeas appropriatd. | CardHolders] dnd mEfoharté atons theD
116 is nounted, at the top of the pen 101 .for good.all-around visibility.
The peri  CARSPEIZE BELRD SERARNS keys oraD et FRymAbiees Bking e BRnest mEorsit et
styl us. ArcegffichtKard @kedas miutiatlg Quthérbicivk tafinsfébant and QardRélder, Midytb dthehtiCatiteth
stylus nib 121 are nounted side by side within the housing 102. Either the
i nk cart ri keetofhepayment gateWaa sty| us nib 121 can be brought forward through
open end 122 of the metal end piece 114, by rotation of the pen t 105,
Respective sli de?E%PWEY%??%BPt&dZKIdSWere ¢asdhalder mgiatenance P?'g‘géa‘ﬂB

and st y§ Usceditflated B Péifzidere@! Bimdefsdn® 3hteih Csofifithd hich! mdidinl Sarddfdef Keyst end he
pen top 105 in operation and arranged to 25 rotate therewith. The cam
barrel 12Sertificpigtiana wrvenandizie thecardholdenscesss viag passytord havemet Withsopg|specessg| : of
the cambarrel. Camfollowers 127 and 128 projecting fromslider blocks 123
and 124 fit within the camslot 126. On rotation of the cambarrel 125, the
slider bl obRs 128EBLPAYMENF®ve rel ative to each other to project either the
pen nib | 19 or Rithé napage ltystei the metphderregighation serven laets 22 proxy fo themetpage wser

pi ece 114.  Th e 0l.h three states of operation. By turning the top

| 05 througqlre'é‘geéf‘g‘ﬁé?&%gﬁ’ﬁgayﬁwte@n%%%s are: Stylus 120 nib 121 out;

| nk cag@ri dge 118 nib 119 out; and Neithet{l ink cartri dége 118 §!é'P 119 out
nor st9Pus 120 nibpnetpase fystem seyhigmotricsdg authepticate the user and authorize payments.

Because the system is pen-based, the biometric used is ?he 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 tol 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
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pen to capture COI‘ltII‘,lUOlJS R n force d|n S. a%rhusag reg " n the surface

whi ch cor TEShYARe ysgrsunique jdentify |°ﬁtﬁ &r"@ ext veg & jtems
conti nuousrmaplfeqrrﬁ&d cataM@pditez&&&eféﬁni?@Té E RBcElé h@?sbﬁb@w ve
to the surface may conprise series of strokes A stroke consists of
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pen i 29 ypndegendenfly,gecumylated shevigral da. ng i nterpreted as a continuous val ue,

for
The netpage registration server instead maintains an anonymous relationship between a

user and an application via a unique alias ID 65, as spown 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.
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click location to the page server.

5 The page server loads the page description 5 identified by the page ID and determines
which input element’s zone 58, if any, the click lies in. Assuming the relevant input element is a
hyperlink element 844, the page server then obtains the ass}ociated application ID 64 and link ID 54,
and determines, via the DNS, the network address of the application server hosting the application
71.

10 The page server uses the pen ID 61 to obtain the corresponding user ID 60 from the
registration server 11, and then allocates a.globally unique hyperlink request ID 52 and builds a
hyperlink request 934. The hyperlink request class diagrain is shown in Figure 44. The hyperlink
request records the IDs of the requesting user and pﬂnier, and identifies the clicked hyperlink
instance 862. The page server then sends its own server ID 53, the hyperlink request ID, and the

15  link ID to the application.

The application produces a response document according to application-specific logic,
and obtains a document ID 51 from an ID server 12. It then sends the document to the page server
10b responsible for the document’s newly allocated ID, together with the requesting page server’s
ID and the hyperlink request ID.

20 The second page server sends the hyperlink request ID and application ID to the first
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. inslimce-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 tlie hyperlink activation.

If the hyperlink requires a user alias, i.e. 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 ID 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.
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53 HANDWRITING RECOGNITION PROTOCOL ‘
When a user draws a stroke on a netpage with a netpage pen, the pen communicates the

stroke to the nearest netpage printer. The stroke identifies the page and a path on the page.

The printer forwards the pen ID 61, its own printer ID 62, the page ID 50 and stroke path
5 to the page server 10 in the usual way.

The page server loads the page description 5 identified by the page ID and determines
which input element’s zone 58, if any, the stroke intersects. Assuming the relevant input element is

a text field 878, the page server appends the stroke to the text field’s digital ink.

After a period of inactivity in the zone of the text field, the page server sends the pen ID
10 and the pending strokes to the registration server 11 for interpretation. The registration server
identifies the user corresponding to the pen, and uses the user's-accumulated handwriting model
822 to interpret the strokes as handwritten text. Once it has converted the strokes to text, the
registration server returns the text to the requesting page server. The page server appends the text to

the text value of the text field.

15 54 ‘ SIGNATURE VERIFICATION PROTOCOL
Assuming the input element whose zone the stroke intersects is a signature field 880, the

page server 10 appends the stroke to the signature field’s digital ink.

After a period of inactivity in the zone of the signature field, the page server sends the
pen ID 61 and the pending strokes to the registration server 11 for verification. It also sends the
20 applicatioﬁ 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 sighaune 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 55 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
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defined in Section 5.2, with some form-specific additions. |

~ In the case of a form hyperlink, the hyperlink activation message sent by the page server

10to .the application 71 also contains the form ID 56 and the current data content of the form. If the
form contains any signature fields, then the application verifies each one by extracting the alias ID

5 65 associated with the corresponding digital signature and obtaining the corresponding certificate

from the registration server 11.

5.6 CommISSION PAYMENT PROTOCOL
A preferred embodiment of a commission payment protocol is shown in Figure 47.

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

printer.

The hyperlink request ID 52 is used to route a fee or commission credit from the target
application provider 70a (e.g. merchant) to the source application provider 70b (i.e. publisher), and
15 from the source application provider 70b to the printer provider 72.

The target application recei;les the hyperlink request ID from the page server 10 when
the hyperlink is first activated, as described in Section 5.2. When the target application needs to
credit the source application provider, it sends the application provider credit to the original page
server together with the hyperlink request ID. The page server uses the hyperlink request ID to

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 corresponciing»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, é,nd sends the credit on to the relevant
registration server together with the printer ID. The regi#tration 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.
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6. NETPAGE PEN DESCRIPTION
6.1 PEN MECHANICS

Referring to Figures 8 and 9, the pen, generally designated by reference numeral 101,

includes a housing 102 in the form of a plastics moulding having walls 103 defining an interior

5 space 104 for mounting the pen components. The pen top 105 is in operation rotatably mounted at
one end 106 of the housing 102. A semi-transparent cover 107 is secured to the opposite end 108 of

the housing 102. The cover 107 is also of moulded plastics, and is formed from semi-transparent
material in order to enable the user to view the status of the LED mounted within the housing 102.

The cover 107 includes a main part 109 which substantially surrounds the end 108 of the housing

10 102 and a projecting portion 110 which projects back from the.main part 109 and fits within a
corresponding slot 111 formed in the walls 103 of the housing 102. A radio antenna 112 is mounted
behind the projecting portion 110, within the housing 102. Screw threads 113 surrounding an
aperture 113A on the cover 107 are arranged to receive a metal end piece 114, including
corresponding screw threads 115. The metal end piece 114 is removable to enable ink cartridge

15  replacement.

Also mounted within the cover 107 is a tri-color status LED 116 on a flex PCB 117. The
antenna 112 is also mounted on the flex PCB 117. The status LED 116 is mounted at the top of the
pen 101 for good all-around visibility.

The pen can operate both as a normal marking ink pen and as a non-marking stylus. An
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 piecé 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 181
of the cam barrel. Cam followers 127 and 128 projecting from slider blocks 123 and 124 fit within
the cam slot 126. On rotation of the cam barrel 125, the slider blocks 123 or 124 move relative to
each other to project either the pen nib 119 or stylus nib 121 out through the hole 122 in the metal
end piece 114. The pen 101 has three states of 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.
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flex CB 129 for receiving re ected radiation from the surface. The second flex PCB 129 also

5 mounts a radio frequency chip 133, which includes an RF transmitter and RF receiver, and a

controller chip 134 for controlling operation of the pen 101. An optics block 135 (formed from '

moulded clear plastics) sits within the cover 107 and projects an infrared beam onto the surface and
receives images onto the image sensor 132. Power supply wires 136 connect the components on the
second flex PCB 129 to battery contacts 137 which are mounted within the cam barrel 125. A
10 terminal 138 connects to the battery contacts 137 and the cam barrel 125. A three volt rechargeable
battery 139 sits within the cam barrel 125 in contact with the battery contacts. An induction
.charging coil 140 is mounted about the second flex PCB 129 to enable recharging of the battery
139 via induction. The second flex PCB 129 also mounts an infrared LED 143 and infrared
photodiode 144 for detecting displacement in the cam barrel 125 when either the stylus 120 or the
15  ink cartridge 118 is used for writing, in order to enable a determination of the force being applied to
the surface by the pen nib 119 or stylus nib 121. The IR photodiode 144 detects light from the IR

LED 143 via reflectors (not shown) mounted on the slider blocks 123 and 124.

Rubber grip pads 141 and 142 are provided towards the end 108 of the housing 102 to
assist gripping the pen, and top 105 also includes a clip 142 for clipping the pen to a pocket.

20 6.2 PEN CONTROLLER
The pen 101 is arranged to determine the position of its nib (stylus nib 121 or ink

cartridge nib 119) by imaging, in the infrared spectrum, an area of the surface in the vicinity of the
nib. It records the location data from the nearest location tag, and is arranged to calculate the

distance of the nib 121 or 119 from the location tab utilizing optics 135 and controller 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 includé 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
yellow 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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The controlling processor 145 captures and decodes location data from tags from the

surface via the image sensor 132, monitors the force sensar photodiode 144, controls the LEDs 116,
131 and 143, and handles short-range radio 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.
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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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The pen 101 determines the position and orientation of its nib 119, 121 on the surface by

20 imaging, in the infrared spectrum, an area of the surface in the vicinity of the nib 119, 121. It
decodes the nearest tag data and computes the position oﬁ? the nib 119, 121 relative to the location
tag from the observed perspective distortion on the 1maged 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 smfade, 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 ID 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 Wbich 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 stroke (at 164). It then continuously samples (at 165) the

Y
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F/ 1096& ( Yown #aB945 dndidated by, thelme( 9f-a ionapyisticke, th@dnmmar 134 encrypts (at
173) the stroke data and transmits (at 174) the stroke data via the RF chip 133 and antenna 112, to
the computing system. It then starts with another empty stroke (at 164).

Assuming a reasonably fast 8 bit multiply (3 cyéles), the processing algorithm (see later)
10 uses about 80% of the processor’s time when the pen is actjive.

If the pen is out of range of a computing system to-transmit to, then it buffers digital ink
in its internal memory. It transmits any buffered digital ink when it is next within range of a
computing system. When the pen’s internal memory is full the pen ceases to capture digital ink and

instead flashes its error LED whenever the 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 offline 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 prei:ision range

component (bits)
penID - 128 -
nib ID - 128 -
absolute time ms 64 -
last system time ms . 64 -
region ID - 100 -
time offset ms 32 49.7 days
| tag ID - 16 -
x offset 20 pm S9 +10mm
y offset 20 um S9 +10mm
x rotation (pitch) degree | S7 +90°
y rotation (roll) degrce S7 +90°
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upon which nib is being used. For example, if the ink cartridge nib 119 is being used the computing

system may defer producing feedback output because imi;nediate feedback is provided by the ink

markings made on the surface. Where the stylus nib 121 1s being used, the computing system may -
15 produce immediate feedback output.

At the start of a stroke the pen controller 134 records, in a raw stroke header 183, the
elapsed time since the last absolute time notified to the system. For each pen position in the stroke -
the controller 134 records, in the form of a raw pen position 177, the x and y offset of the pen nib
119, 121 from the current tag, the X, y and z rotation of tile pen, and the nib force. It only records

20 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. |

Since the pen samples its positions and oﬁenmiion at 100 Hz, pen positions in a stroke

25 are implicitly clocked at 100 Hz and do not need an expli?cit timestamp. If the pen fails to compute
a pen position, e.g. because it fails to decode a tag, it musl:_i 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 interbolate the position from adjacent samples

if necessary. ‘

30 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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03" 109%$&' (gam;pleg, 'agg@q!ge qry has a sfze of about 5500 bits. Online continuous digital ink capture therefore
15 requires a maximum transmission speed of 5.5 Kbps,- agd offline continuous digital ink capture
requires about 40 Kbytes of buffer memory per minute. T‘pe pen’s 512KB. DRAM 48 can therefore
hold over 12 minutes of continuous digital ink. Tin}je, region and nib changes happen so
infrequently that they have a negligible effect on the h‘eqmred 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 disclo&jure of which is incorporated herein by

cross-reference) before being transmitted to the computin%g system. The pen and computing system

exchange session keys for this purpose on a regular basiSf. 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.
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Since the starting position of the stroke is not/ known, only relative positions within a

15  stroke are calculated. Although position integration accumulates errors in the sensed acceleration,

accelerometers typically have high resolution, and the time duration of a stroke, over which errors -

accumulate, is short.

7. NETPAGE PRINTER DESCRIPTION
71 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- 842" 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 mdQs 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 Ff’gure 13 coupled with the duplexed print

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

30 and infrared inks. The cartridge also contains a micro an' 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

1
i




f F1099$9&' () - s310%0%9& ()- "1090$9& ()- ~"10%0%$9& ()- @

s$10903$9& ()-0qRgqrorrr|[:bU410 F1090$9& ()- 1090$9& ()- "1090$9& () -
" 1099$9& W-02/4558090$9& () - yglOu®$9& ()-rYsssctt, ul [: bUA1OCTNUDDIBIDE () -
("1099%$9& ()- &$1090%$9& ()-  UBLOY®$9& () - #t1090$9& () -

1"1099%$9& () -, uMuuuvvw [ : bU410 33" 109089& ()- 3, 2"10%0%$9& () -
031099$9& ()- .S1099$9& ()- & 3109@$9& ()-  +

1099$98&' ( )othekwisevelog xthe printhpash iazies. 1@/&&0@@6@&1@9@@6%% CHOHESO thef ) -

8 10‘V<9$9&' 9% y 9 &

"109%8& () 'i?i*ﬁg’&?(")? %e(%lfﬁsd/%fefﬁ Qfﬁ%ﬁéﬁ? t“f%@%ﬁ%"@? | zz FT 1858110
- $1098& () -fulB@edyRIBI8 ptgduct willDdGagadityfor pEhfilddnd’ g(h)ng 3000 pAgR&(1(5DO sheets).

z109%$& ()-{AK||'}}}I[:bW410 3L!'"10N & ()-- 9Z" O%B&'() 3"109%& () -

L3 10%5&' () - 3F9IRSMEng Yo FigirtA%bike (otdrizéd-mddia pickug t6ller bssethBIYBES phshés the top

‘ *3100/&5 ' $10% $, 390 1098& 3$"
0311 ~ 1 Ghs i el o mfi‘%&le&{ RS epspton 89%&56%&-6@“ 62 ntedheduplpxed
Y2" 10%5& (I\)Iij gl ﬁ&?{éﬁ dsdembl (%Me@&o@ 5&5*3 G sT602 #1d%6BF sl mounted in an

FF10%%& ()- !'109%& ()- f @0 - 109 (ﬁo $;s(x|[: A410; $;
31 1098& ( )opposmsmeeyennalscpgﬁ@wt{opalons @P@w@t(pyper path Flszmeper)604 isydrawn into

siovea (e HiinEoe KT i) oS Rl sp B T ikt

F* - - 10988 (ppper TS 10snedamd full bm?nm c@l)mébnqg;m ij%g mﬁmedgq;lgzltlaggggy t@rid

|1:? .ﬁg& (‘ﬁy’%‘?z%‘ﬁ‘f%@m% 90%5%2&%“& g) ib%&'s( Y- ls 10%2&7 ()- f @o%&'( % ) -
109& () - 10$10$%e[paper exi jfgs/%eng&tm prltllﬂt eé%fr?fe 862 through a set of powered exit spike

wheels (aligned along the straight paper path), which act against a rubberized roller. These spike
wheels contact the ‘wet’ printed surface and continue to feed the sheet 604 into the second
Memjet™ print engine 603.

15 Referring to Figures 12 and 12a, the paper 604 passes from the duplexed print engines -
602 and 603 into the binder assembly 605. The printed page passes between a powered spike wheel
axle 670 with a fibrous support roller and another niovable axle with spike wheels and a -
momentary action glue wheel. The movable axle/glue assembly 673 is mounted to a metal support
bracket and it is transported forward to interface with the éowered axle 670 via gears by action of a -

20 camshaft. A separate motor powers this camshaft. ‘

The glue wheel assembly 673 consists of a partially hollow axle 679 with a rotating
coupling for the glue supply hose 641 from the-inkcami@ge 1627. This axle 679 connects to a glue
wheel, which absorbs adhesive by capillary action throu;gh radial holes. A molded 'housing 682
surrounds the glue wheel, with an opening at the front. ?ivoﬁng 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 agsembly 673, adhesive is applied to one
- I
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 radiq transceiver (transceiver controller 753,

i
|
!
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The printer controller’s flash memory 658 holds the software for both the processor 750

and the DSPs 757, as well as configuration data. This is cdpied to main memory 657 at boot time.

The processor 750, DSPs 757, and digital msc}eiver components (transceiver controller

753 and baseband circuit 754) are integrated in a single controller ASIC 656. Analog RF

components (RF circuit 755 and RF resonators and inductors 756) are provided in a separate RF

20 chip 762. The network interface module 625 is separate, since netpage printers allow the network

connection 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 iue 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) transceivei;'s. 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 Intefrnet 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 alternatively 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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The infrared (IR) layer of the printed page contams coded netpage tags at a density of
about six per inch. Each tag encodes the page ID, 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
conttollers 760. Bach print engine controller 760 stores the compressed page image in its local
memory, and starts the page expansion and-printing. pipehne Page expansion and printing is
pipelined because it is impractical to store an entire 114MB bi-level CMYK+IR page image in

memory.

25 7.2.2  PRINT ENGINE CONTROLLER
The page expansion and printing pipeline of thq 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 1 controller pipeline. Once the page has
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The print engine controller 760 contains a low-speed processor 772 for synchronizing the
15 page expansion and rendering pipeline, configuring the printhead 350 via a low-speed serial bus
773, and controlling the stepper motors 675, 676.

In the 82" versions of the netpage printer, theij two print engines each prints 30 Letter

pages per minute along the long dimensijon of the page (lj].”), giving a line rate of 8.8 kHz at 1600

dpi. In the 12” versions of the netpage printer, the two priﬁt engines each prints 45 Letter pages per

20 minute along the short dimension of the page (8'2”), giving a line rate of 10.2 kHz. These line rates

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-teference as appropriate. The scope of the

30 invention is only limited by the attached claims.
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communications means configured to commumcate the region identity data and the
movement data to a computer system.

2. A sensing device according to claim 1, wherein the motion sensing means is configured to

15  generate the movement data using at least some of the cod;cd data.

3. A sensing device according to claim 2, wherein 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

20 reference points.

4. A sensing device according to claim 2, wherein the coded data includes periodic
elements, 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 periodic elements.
25

5. A sensing device according to claims 3 or 4, wherein the motion sensing means is
configured to sample the position of the sensing device relative to the at least one reference point or

periodic element, thereby to generate the movement data.

30 6. A sensing device according to claim 5, furthei' including a distance estimation means

configured to estimate a distance of the sensing device ﬁom the at least one reference point or
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15  to communicate orientation data to the computer system, the orientation data being indicative of the

orientation.

11. A sensing device according to claim 1, wherein the movement sensing means includes at
least one acceleration sensing means, the acceleration sensing means being configured to sense
20 acceleration of the sensing device as it is moved. relatii"\re to the surface region, the movement
sensing means being configured to generate the movement data- by periodically samplmg the

acceleration.

12 A sensing device according to claim 11, wh§rem the acceleration sensing means is

25 configured to sense at least two substantially orthogonal cdi)mponents of acceleration.

13. A sensing device according to claim 1, further including timer means configured to

generate a time reference as the sensing device is moved relative to the surface region.
|

30 14. A sensing device according to claim 13, whereixﬂi the communications means is configured



Jj &)V <#% (\*, v/ 1$295u7; | <=AC] FHILOQT  !"#$9%&' ()*+,-./0123456789: ;

<=>? @GABCDEFGHI JKLMNOPQRSTUWWKYZ[\ ]~ _" abcdef ghi j kl mopqr st uvwxyz{| } ~6Ti mes
New Romangoioalsgsgoiri er New'h Root Ent r yWsr dDocunent PCT/AU01/01528

" #$UR' ()*+,-./0123456789: ;

<=>7@A\BCDEFGHI JKLNNCPQ?STUVV\XYZ[ \]~ abddet ghi j kKl mopgr st uvwxyz{| } ~

" #$9&' () *+,-./0123456789:

<=> ; @\BCDEF%I?WWW td the canlymebe Eg&m the tiine refieraxice duvx Yeing indicative
| " #P9& 0123456789;
<= >’>@\BCDI§’If—'é§|I %%m&% t]datf\agg@&@ﬁgmyj%qmm uvwxyz{ |} ~

15. A sensing device according to claim 1, wherein the communications means is a wireless

5 communications means.

16. A sensing device according to claim 1, further including a force sensing means

configured to sense a force applied to the surface by the sensing device.

10 17. A sensing device according to claim 16, wherein :the communications means is configured

to communicate force data to the computer system, the forcj;e data being indicative of the force.

18. A sensing device according to claim 16, further including a stroke detection means
configured to detect, by way of the force, when the senéging device is applied to the surface and
15  removed from the surface, thereby to identify the duration of a stroke.

19. A sensing device according to claims 1, 2 or 11, further including a marking nib for
marking the surface.

20 20 A sensing device according to claim 19, wherein the: sensing device is in the form of a
stylus or pen.

21. A sensing device according to claims 1 or 2, _iwherein the coded data is substantially

invisible to the unaided human eye.
25

22. A sensing device according to claim 21, wherein the coded data is printed using infrared
ink, the sensing device being responsive in the infrared spectrum.

23. A sensing device according to claim 3, whereiix the coded data includes a plurality of
30 tags, each of which is indicative of an identity of a region within which the tag lies, and of a
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reference point of the region, the region being associated With the surface, the reference point being

indicative of the position of the tag within the region.

24. A sensing device according to claim 4, wherein the coded data includes a plurality of
tags, each of which is indicative of an identity of a regidn within which the tag lies, and each of
which includes at [east one periodic element of the coded data




