; 89:; e3e0/ n0O, hhi <kkPn6énTnn2 0 MAY 2004 WD 01/63548 PCT/ AU00/ 01443
| ~B~l ~~~I'| ~\W- CODE SENSOR ATTACHMVENT FOR PEN FI ELD OF | NVENTI ON The qu @éﬁ%‘{“‘
inventi 0'%%691/@:{5% generally to a sensing device for captupCngUoeOBMAECt i ONS
wi th and noverment relative to a surface, and nore particularly, to a
sensing device attachable to a stylus or marking inplement such as a pen,
pencil or eraser. CO PENDI NG APPLI CATI ONS Vari ous net hods, sys ' l
apparatus relating to the present invention are disclosed in tﬁmmmmmmm
fol l ow ng co-pending applications filediby the applicant or assigneisef the
gg}si%oll 3\1'325' ogc?/ Kuui)g;ageousl y with the present invention:
: 1444 PCT/ P

PCT/ AU00/ 01450, PCT/ Aw@@msﬁw%%ﬁwgﬁ%ﬁf 8122%
PCT/ AU00/ 01459, PCT/ AU00/ 01451, PCT/ AU0O0/ 01454, PCT/ AU00/ 01452,
PCT/ AU04/ glkﬂﬂ%F IRVENfIgAL/ 01455) PCT/ AUO0/ 01456) PCT/ AUO0O/ 01457)
PCT/ AU00/ 01458 and PCT/ AU0Q/ 01449, TQe di scl osyres of these co-pending
appl i cati.ons ar &h¢ presspiBYeatcEFelpfes apgally o @ Sgsie H%vfcgrf%rncc?%tfm arous. me{hho((ijs
f%st errfl aREvedBR wa&ug o ik, aigmbe phitielaply,as e sdnsingdegio¢ dtehable to ahitylus|op medfing n

e follow co-pendi ng _applications filed by the applicant or assi
t he Eresemv?e?fﬁ% SPeB et R er 2000: PCT] AUDO/ 02273) PCT/ AUOO/ 01279 o
PCT/ AUO0/ 01288, PCT/ AU00/ 01282, PCT/ AU00/ 01276, PCT/ AUOO/ 0l 280) ’
PCT/ AUOO/ Q.32 %lblﬁg?(m%@§91 PCT/ AU00/ 01275, PCT/ AUCO A 277,
PCT/ AU00/ 01286, PCT/ AU0O0/ 01281, PCT/ AU00/.01278, PCT/ AU00/.01287 .
PCT/ AUDO/ 01285, VEEoTs Refielsosam 4 FPpseerF AUEHE 07 5 35 EVeet P SFeL? 6 "Fhese
co- pendi ng Bk EEFhiifNHpRsEons ARG bPMHE aiptidntte neigneelvf the prsst inehimeingBancamaly i ous
net hods, %%/'ﬁ&?rrsseand appar at us relating to the present invention are
di scl osed 5y FINEYMowi ng co- pending applications filed by the
applqcgpant or @&@/Aﬁﬁ@m&% /ﬁdmmmemtpdmmma, ROT/AG008e p15e PERAUGEAN 850,

PCT/ AUOO/ 01108, PCT/ AUQ )/ O P i

co- pendi ng apﬁp?’«:"‘é{OP/BWQ&a?(bj]%ﬁ@gﬂ%gr %@M@g&%;@@g&%g @ggé@gf‘ f’a£ ihgﬁg
met hods, SySt @OE/ARORSHACIIABO0NEISA RATHAT06/08448. RETAEINO1H35y BET/ABAHUAS,

i cl'0sea 1 Uk S0l G0 naarBERbOSBBRL AL 100 11160 by Lhe

appl i cant or assignee ] esent 1 nvention on 30 June 2000:
PCT/ AUOO/ (b7 disclosReSTf s O¢-pradigsapplivetionsarpinsannesatsd herpiphy ﬁ?ﬁ&&?ﬁﬁﬁ%m

et 001 00766, s AehEFoR RS ety G Y i e

following co-pending applications filed by the applicant or assignee of the present invention on 20 October

2000:
PCT/AU00/01273, PCT/AU00/01279, PCT/AUQ0/01288, PCT/AU00/01282, PCT/AUQ0/01276,
PCT/AU00/01280, PCT/AU00/01274, PCT/AU00/01289, PCT/AU00/01275, PCT/AU00/01277,
20 PCT/AU00/01286, PCT/AU00/01281, PCT/AU00/01278, PCT/AU00/01287, PCT/AU00/01285,
PCT/AU00/01284 and PCT/AUQ0/01283.
The disclosures of these co-pending applications are incorporated herein by cross-reference.
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 15 September
25 2000:
PCT/AU00/01108, PCT/AU00/01110 and PCT/AU00/01111.

The disclosures of these co-pending applications are incorporated herein by cross-reference.
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 30 June 2000:

30 PCT/AU00/00762, PCT/AU00/00763, PCT/AU00/00761, PCT/AU00/00760, PCT/AU00/00759,
PCT/AU00/00758, PCT/AU00/00764, PCT/AU00/00765, PCT/AU00/00766, PCT/AU00/00767,
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2 0 MAY 2004 WO 01/63548 PCT/ AUO0/ 01443 .2_ PCT/ AUO0/ 00768, PCT/ AUOO/ZQOMMS‘ZGM
PCT/ AU0O0/ 00774, PCT/ AU00/ 0077S, PCT/ AUOO/ 00776, PCT/ AUO0O/ 00777,

PCT/ AUOC)"g@%/%,54 CT/ AU00/ 00769, PCT/ AU00/ 00771, PCT/ AUOO/ @QT/A%i00/01443

PCT/ AUOO/ , PCT/ AU00/ 00755, PCT/ AU00/ 00756 and PCT/ AUOO/ 00757. The

di scl osures of these co pending applications are incorporated herein by
cross-reference. 5 Various nethods, systens and apparatus relating to the
present invention are disclosed in the foll ow ng co-pendi ng applications
filed by the applicant or assignee of t.Ige-present invention on 24 May 2000:
PCT/ AUO0/ 00518, PCT/ AU0O/ 00519, PCT/ AUQO/ 00520, P 0/ 00522,
PCT/ AUDO/ 0052BC PETR0RNEES, &ﬂéﬂ?@@ﬂ%ﬁﬁ%@%@%@%’%ﬁ%f@@%ﬁ%/ 00527,
PCT/ AUOO/ 00528¢F&aTiodédd97, 66 HAD00A0T/0\ROTADCBHROGEFTT/AUCII0GTS BT/ MUNYORTI0/ 00S32,
10

PCT/ AU0O/ 00535 BATPRITE BEE AFOMIT ARG AT P ATBEI%Y LY Pt/ Auoor 00537,
PCT/ AU0O/ 8*%:5 'é%?ﬁ/oﬁh&gécg;%é %ﬁéﬁm RREARPEFGRRDRTefehcePCT/ AUO0/ 00542,
PCT/ AU00/ 00543, PCT/ AUO0/ 00544, PCT/ AUD0/ 00545) PCT/ AUDO/ 00547, PCT/ AUOQ/ 00546,
PCT/ AU00/ 00554, VR@EA AldR6dsD65E6s afdGHpaduBOLBdE5ET theprssenh Lyention s glisclosed in the

PC—I-/ AwO/ 55'9 F..) i {(‘ﬁ (9)) I m&qg &ﬁe Plg- M(ﬂ'{ %5]681:24 Mﬂ.y 2000:
PCT/ AU0O/ 8‘8‘%@? °@%@7 ) gsg@?d gigg BT ALOGT 60565, - PCT/ AUDO/ 00566,
PCT/ AUOO/ 0056 ByT/RED0/80408) #OHA800/RETY, AODAVMABS0, FCIYAWIDHOFA 5 PGT/AU00/00522,

T A1 00 ber S Q054 ol "HEOARRRRE, DS ANBIORE Semncnoss
PCT/ AU0O/ 0057 9 TROUDNINNIZE, BOSBU00/PES39, ARCTHATIIG30. FRET AWIPFH) 5 $5T/AU00/00532,

Egﬁ 8; 8828%&@%}3@6&@9’ RB5ABI00MEE, ARBRADEIRS3s, RS AUMMOSHES SR:T/AU00/00537,

PCT/ AUDO/ oowé’ﬂW@PP@@%g A e

PCT/ AUO0O/ 0059%CTRTH046428, @QT/AGIN0/BI5T4, ABOTATNBIF45 nRCTASTI0A004T) (REB/AUD0/0GH46,
di scl osures of_th - P j i i " ®0/00439,
cross-refer en@g&/ @%@2@%@%@&%@ ?’6&% ‘ﬁé%/AgGo?oo@E')l?_ t%ﬁg(elmoﬁis.e%d‘l% ;

cont al ne

en-1li vi ces have been
descri bed whi GETIIN/08568U PCALAIONAPICH ?CWP&%%S?@/T’Q‘\%O%OQB?% r?q&qﬂﬁg)ﬁaom
movepgent rel atﬂd%ﬁ@@b%&@, ] A108/00586 TR CBME00/603 81, CRST/AB0TIDS63) ERAT/AVA0/00569,
e

novenent using enbe accel eroneters, e i by
det ecting inf &QMWQ?NOW% aqw@on/geqqﬂ,nipygyﬂ@ﬁ@@n?@@éﬁ@‘,’% Pﬁ\é@bsur @@%‘I n
this latter caicagQU/00SBE FOIABRA0GTE.. PUSABAY/eNIT7, SPATAUGIGDST8, P FTAAER00579,
5,652,412 and | .LGat]-an 0 ' t B5obsk7, K9y doReSES,
typically i ncI@%@%@e?@ﬁ%@%sﬁ’g;ﬁé@r@/&{sﬁ%ypgﬁggort o7nl a 30 |j{,9ﬁl ted
set of mar ki noPGEAEA0/00589s tRATHI00SOMMARET ATV RGIENTPERNA PP/%Oé%Qar%%%%OW 'a
;i r shoas p'ECL ol;mt,,k),fgowog%s% rﬁcﬂ/m@)gb%m,g PCIr8106/00595, P POVATOBI00596; fm/?goo?]mmcg |
ox USe with a surface having co [ se rface) the code
dat a bei ng i ndPCHAPRL057S, %GF’?H@W?%%P@E‘&&(@&%#%@Z%‘E@P glg with the
surface, said device including detection neans arranged to detect the coded
data 2 OpMA |oveth; B8R are2 GRS R 21y cRsheRRicemeans fir
facilitati %}g‘@gfltg%%%%ﬁegg%’;ﬁﬁ%f%‘gv%gto% hand rllelyd writing inplenment)
the witing,j t, when not attached to the sensing device) adapted to
HabKBRBEREL

be easily hand of an, average human, an Lade,

the sensing devi §é‘.f'°‘l5Fa§’F%P°38‘lk§/, °"f°ﬁseha§?€e§‘b Eer?%qﬁfd vr?el%'nrg%?g s%r%gep@ggﬁvﬂﬂn%ug’

f aci 26t at ecaplufiRgiheiEoin Aodmere ramivereribe wifack.ffismd euch devids %egsedhwqmgnqva@{r‘r’@ﬁt :
Pr ef er abl ﬁéﬁ%@&#gﬁ%&gﬂﬁo&g@ﬂ; off&& Sease Heif o AMRmedt fof fuatabd Widhgol whibeisdfxhife

i ncl udes uring correct orientation of th evi ce n e
wWriting; i redablyesncodgdsonntbe eirfase. b this datterrategamey seg<fer exga?la%ﬁg’é‘ﬁ?‘ 5#8%2:13% ? i)
correct or i@ ab LA apiidfiod ®d99B0o7RY be a grid portion configured so as to
correspond wth a portion of a user's hand. 10 Preferably, the sensin

devi ce includes ot ltedd peilikeTieites fypicallg diciuder @t integralt hakiompas they GipPperhaRly 4
inforpation indi c§ti e ogdegglr%t pel'%stance between a witing portion of the

wri tidrg i npPEISR BAETE R 4 &CTi on noans is incorporated into said region
identity data. Preferably, the attachment cleans is adapted to facilitate
attachment oAy Bf\igENfION2 Pen) marker or pony, Preferably, the sensing

device I ncludes {ﬁgltaécg raang:?e Q%rlha stq%gtg ot BN & Hod, Berd RPRIVAELa BRIG T8k fo 8ded

i ndi cati ve of novemnen e serisi ng devi ce relative to, the rqui g]. .
Pr ef er abl y,with heurfaot having cadeds datreisresadh en the sugfages theytodedrlata being jndicative.otip Mo e nt
date using réglﬂﬁ aSRA8LH with the surface, said device including detection means arranged to detect the coded data

-




data. In an alternative enbodi nent, the notion sensing neans incl udg§ My 2004
| east one acccl eration sensing 20 neans.] the accel eration sensing neans
bei ng configured to sense accel eration of the sensing devi cRemivet ReOstebrsi2Ag
devi ce noves relatlve .to the region) the notion sensing neans being
eonfigured to generate t6¢c novenent data by periodically sanpling the

accel eration. Preferably, the acceleration sensing neans is configured to
sense at | eesvea two substantially orthog@al conponents of acceleration. 25
Preferably) fife coded data Includes a plurality of tags, each tag being

I ndicative of an identity of a region within which the tag lies. In

accor dance ammn@néesqendcmasq&acmmtdmemaa&em hbraWHeI tviritifg) infplaene tieswrignovi ded

a systemfor c | ti I|e di ng
2 Sensing R e eluief IR st R e e P Moy O s SR Rl
associ at ed audxshmdhand;wyfoatbesma@dﬁeatures and advant ages of the present

I nvention -wi |l becane apparent fromthe follow ng descr .
enbodi nent s t her &eferably 'RWI‘UP“‘ %15 I‘@P%‘PW“’W"P%"'?WW%R“(':“éh"fcg °} g device
acconpgnyi ngam@g\h@ga.ntAl\/ENDED SHEE: | PEA/AU 2 0 MAY 2004 YC ' 1'/AuUuU U
14] Received 2 Cctober 20t NPS022 3d 6R E~ DESCRI PTI ON OF DRAW NGS '
preferred and ot (Resferablyhibeltasbmert mexhs it ddamipnvent i on wi | | now be descri bed by

way of non-limting AMENDED SHEEN | PFAI Al | VAY 2 0.1/ 4
exanpl e only, wi tmrq@fyeﬂseﬁwwvwm%mwaw*ﬁ% ot el v e -

PCT/ AU0O/ 0 ﬁbwnﬂ: flad .ausa alimgek.iSaid @kanafot daemingdoeect mmtmoy» of $hetdpiicepay
sanpl e pri net ; onlin n, Figure 2 is a
schemati c \r}’° é ‘%P&se 4] t(sgn deﬁggg&mqgﬂ%&mm

ac et ween en wth an attached net page code
SensofrpS at t achmegplfespiy mzts dlck 'iHcﬂﬂes cBibiifaRGEe HEGRbRRY Uerdsviamsdchahat

ST et ur o REAE ."q%fcéﬁi E@Bep%@%mn'ssgﬁq RS SO, e Bl e b e K
is a plan vm&wiﬂimmgd iato sdreghdnudeivofataa net page t ag;
Pmtu-ably; the attuchment meuns is udapléd to facilitate attachment of the device o a pen. marker
ar pendif,
15 Preferably, the sensing device includes motion sensing means configured o generate movement
data indicative of movement of the sensing device relative to the region.

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

Tn an altermative embodiment, the motion sensing means includes at least onc acceleration sensing
20 means,|she acceleration sensing means being conflgured to sense acceleration of the sensing device as the
sensing device moves relative %o the region, the motion sensing means being configured to generate the

movemint data by periodically sampling the acceleration.

Preferably, the acceleration sensing means is configured to sense at least two substantialily
orthogdnal components of acceleration.

25 : Preferably, the coded data focludes a plurality of tags, esch tag being indicative of an identity of 2
region Within which the tag lics.

In accordance with a second aspect of the present invention, there is provided 2 system for
~ capturifii information applied freehand, said system Including a sensing device as described above, and a
surface{having coded data associated with the surface.

30 Features and advantages of the present invention will become apparent from the following
descripbin of embodiments thereof, by way of example only, with reference to the accompanying drawings.

AMENDED SHEE:
IPEA/AU



Figure 4b is a plan view showing a rel ationship between a set of theMiagm,
.shown in Figure 4a and a 10 field of view of a netpage sensing device;
Figure 5a is a plan view showing an alternative structure of a n&lgagbupiads
.Figure 5b is a plan view showing a rel ationshi p between a sdeceived Béatehps 20!
~shown in Figure 5a and a field of view of a netpage sensing device; Figure
5¢c is a plan view showi ng an arrangenent of nine of the tags shown in

Fi gure b5a &5@’ 15 targets are shared between adjacent tags; Figure 5d is a .
pl an vi ew show ng the interleaving and rétation of the synbols of the four
codewords of the tag shown in Figure 5a; Figure 6 is a schematic view of a
tag i mage processing and decoding algorithm Figure 7 is a perspective view
of a netpa ttachnment according to the present 20 invention,
attached t%%éégpﬁﬁcﬁé]@ﬁ&gié’aﬁgeﬁer spective view of the netpage code
sensor at t achnenFrefstrdandrer mbodimentsofibainyseiqn wittgy bagdesgrihed, by w é’? WHUEge view
of the netpage code sensor attachnent; Figure 10 is a perspective view of

t he undersi de of the netpage code sensor attachment; Figure 11 is an

expl oded vi ew of the netpage code sensor attachnent; 25 ~ Figure 12 is a
cross section of the netpage code sensor attachnent; Figure 13 is a
perspective view of the PCB and optics bl ock of the netpage code sensor
attachment; Figure 14 is a schematic bl ock diagramof a controller for the
net page code sensor attachment; Figure 15 is a schematic view of a netpage
code sensor attachment optical path; Figure 16 is a flowhart of a stroke
capture algorithm 30 Figure 17 is a schematic view of a raw digital ink

cl ass di agram 2 0 MAY 2004 WD 01/63548 -5 PCT/ AUO0/ 01443 Figure 18 is a
perspective view of the netpage code sensor attachnent housed in a base
according to the present invention; Figure 19 is a plan view of the netpage
code sensor attachnent housed in the base; Figure 20 is a side el evation of
t he net page code sensor attachnent housed in the base; 5 Figure 21 is a
front el evation of the netpage code sensor attachment housed in the base;
Figure 22 is a cross section of the netpage code sensor attachnent and
base) with the attachabl e sensing device housed in the base; Figure 23 is a’
schematic view of the calibration of point nib geonetry; and Figure 24 is a
schematic view of the calibration of spherical nib geonetry. 10 DETAI LED
DESCRI PTI ON OF PREFERRED AND OTFHER EMBODI MENTS
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Note: MenjetTMis a trademark of Silverbrook Research Pty Ltd, ﬁjmrﬁdni’a.
In the preferred enbodi nent, the invention is configured to wor ¥ he
net page npOWDEIsasl conputer system a summary of which is gpyobsiQy and a
detai |l ed description of which is given in our copendi ng applications,
tncluding in particular applications PCT/AU00/ 0000565, PCT/ AU00O/ 00561, , 15
PCT/ AU0O0O/ 00569and PCT/ AUOO/ 00578. It will be appreciated that not every

i npl enentation will necessarily enbody all or even nost of the specific
details and extensions described in thege applications in relation to the

basi c system weyer%? t he tigstem is described in its nost conplete formto
assi st i n“*ARRer b Yikreltnief e aspRmPARYing frafiiese 1 WIS pref erred enbodi nents and

aspects of the present invention operate, In brief summary, the preferred
form of the net%&‘ﬁ%?‘g)?ssfl?wtgr%l" g aéw‘?fﬁlﬁﬁﬁf’?f‘ aismpéﬁmégg?%g?ﬁ@“@gﬂh%m? of a
mapped suwdebcaiption; t hat is, a physical surface which contains references to a
map of the surface maintained in a conputer system The map references can
be queried by afieuppisdpeicmptc viesfiafgeretion ketweerDepravdih ay attapisA netpage sndesendor C
'rrp!srren_tamlﬁﬂm,Ma@agmm&,eaf&fpega@sﬁzswa&ﬁax@@s%qﬁﬁicmmewex or invisibly) and
defined in such a way that a |l ocal query on'the mapped surface yields an
unambi guous MapFigeé 8ed shenft Riewiof RihizhiNG st Bts piRAGe@hdelaf AN dnifeRge The
conputer system can cont ain informati on about features on the 25 napped
surface, @ndrsuth information can be retrieved based on map references

supplied by a sg g&qipﬁﬂ&%sm&a%&gmt&gné%ﬁ&g surface. The information
IC

thus retrieved can take e form-of actions are initiated by the

conput er syst enkghe RERRbiEn Abw HIRINE R fiAbRlip bddwdef & P BSFe t‘éég fsfumﬂ i:pﬂﬁﬁ@z{a(%cll 2

i nt aCt:gﬁ?ﬁTdeiyV%}QO%he surface features. Inits preferre orm the netpage

system r HEPAFSTERE 4818 0f , and hunman interaction with, 30
net pages. These_are.pages of fext raphi cs and_.images printed on ordinary
paper or ot hereFr’f'élHT%,ls L ishwl'?%f’%wr‘ﬁtkv@s'l“ﬁf“éerc’éi’:f‘?qg‘éeﬁgb pages.
Information is e i ink which.is substantially
invisible to th@gg‘%% ‘g% %ﬁ%ﬁ@@gs’#ﬁ%“g@%k“,‘w‘ﬁ%{'}\}e"g‘éfrd,’e AR TRA Y {aﬁ‘gd%oded
dat a, canfigkkofgisyobapetpgsesensiopdaviesti | y RECTI FI ED SHEET (Rule 91) TQA /ATT 2
0 MAY 2004 WO 01/63548 _g_ inmaging pen and transmtted to the_netpage
system PCT/ AUODEBA A% 2/akn; viey Hewpgn asgueemsnt Pt nina ofke tagsshoymdn Bigere Ay wbare i nks
on #ach pages aashaldébabdetsdpdenniagsh t he pen to request infornation fromthe
network or to signal preferences to a network server. In one enbodi nent,
text witten byFipaadiionplan viedt shewjag theinenlsbvingdnd osdtibly of ttecpahois atite faindodeaonder t ed
to CO”pUt&rthett%?EBoan@nﬁiB.@eﬂ?t page 5 system allowing forns to be filled in.
I n other enbodi nents) signatures recorded on a netpage are automatically
verified, allovwipge &tsaQNBHRAS P bANSAMIde Brosesdify REdRSHs 2 fbimAUt hori zed. As
illustrated in Figure 1, a printed netpage 1 can represent a interactive
form whi ch can kiguré 7lif @Gerspectiy viehCofUs fpaiOéode B athindht astbrdin @0 M iphdséifl
pagsyg and. " O%icgt%gtggl ‘Imy vi a conmuni cati on between the pen and the

e

net page sl%eé exgrrpl e shows a "Request"” form containing nane and

addr ess {1l ds aade fi ) Qe Dbt Qonsd il BS-PAABERRICRLT, Slapfli RN C_dat 2

0
2 printed using Visi and coded data 3 printed 0 bn of
tags 4 using i NFngé Pis @ pérépkctivd Ny FHeMEPROAAE QesoPABEARSCr i ption S, stored on
t he netpage network, describes the individual elenents of the netpage. In
particul ar it OEigeéidiespespetiveyisy o el uRpsitd @khe@uhRB todé EnsHe ttatiine/ACh
interactive elenment (i.e. text field or button in the exanple), to allow
t he net page sysFigure 11ds ocrplaied Vigw offthecctpage tode sapatk attaclanchiie net page, The submit
button 6, for exanple, has a zone 7 which corresponds to the 15 spati al
ext @At of the cHswrelijonedds scipnaphé netege cade sprspratiachmensd in Figure 2) the
net page pen 101, a Pr‘ef erred formof which is described in our co- .
pendi ng appl i cafieshiPeapeertyiryes he RER rd opies blask of fie etesee ot nser ateshmentic
printer 601, an_Internetconnected, printing appliance for honme, office or
nobi | e use. Thel%‘ﬁ'?éfﬁ(il“ss 2 F"@al"é@lgc W@hwﬁ?%lggg%‘g%@g’ﬁ%eéﬂ? SHPY AtaCHE et page
printer via a s : I [ 0 _The n . printer 60Z,
preferred for rmsﬁg‘;ré \I/ﬁ{?%%ﬁeééae &s‘gf‘ ?%%%e n°Bur ‘eaé‘é‘ff‘%‘g‘ﬁgﬁ‘ﬁé%‘g'p| i cations
PCT/ AU00/ 00561 mpde G4 ARRLQEZEDbke dasu@ PGl del i ver, periodically or on

dermand, personal i zed newspapers, magazi nes) catal ogs) brochures and ot her
pubB0Ocati ons, afigur®I7 ik REkndMic VidvdT a Sivdidithlinkbtasd ddeRm@Ct | Ve net pages. Unli ke a
personal conputer, the netpage printer is an appliance which can be, for
exanpl e, wal |l nrounted adjacent to an area where the norning news is .first
consuned) such as in a user's kitchen, near a 25 breakfast table, or near

t he househol d's point of departure for the day. It also comes in tabl etop,
deskt op, portable and m niature versions. Netpages printed at their point

oy o Y . J R F R T R




The netpage systemis nade considerably nore convenient in the prefygr MPFIZUUI,
enbodi nent by being 35 used in conjunction with high-speed

m croel egyoogssaani cal system (MEMS) based inkjet (Men] et porathobiaas —X—
(pule 9~) 2 0 MAY 2004 WD 01/63548 _7. PCT/ AU00/ 01443 printers, for
exanpl e as described in our co-pending application PCT/AU00/00578. In the
preferred formof this technology, relatively high-speed and high-quality
printing is made nore affordable to consuners. In its preferred form a

net page publication has the physical chd&acteristics of a traditional
newsmagazi ne, such gs a set of letter-size gloss ages printed in full

col or on both s{'§¥%%; 156%@%"5@8?%‘5@1“3@%%@%3%%%6 eghousEin 5baseacrBHipEB| e
handl i ng. thdpresemdtvpaige printer exploits the growing availability of
broadband I nternet access. The netpage printer can also operate with sl ower
connect i ons, buFigwe t%is k pagydew efdicinetpagy cade see®r attachnlentheysed inthgbasejual i ty. The
net page system can al so be enabl ed using existing consuner inkjet and |aser
printers, althotigHe ?tHe2 gdeslexationpf the ngipese geds sonenr attaghmappt hpusadhia theibhses t her ef or e
be Isss acceptable froma consuner's point of view In other 10

enboBi ment's, t hEEWREISHEoR glevation of the priRagergdcRnsar aYpchipsnt Bousediin thekeses | n st | |
ot her enbodi nent.s g netpage systemis hosted on a single cgonputer or
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In its preferred form, the netpage system relies on the production of, and human interaction with,
30 netpages. These are pages of text, graphics and images printed on ordinary paper or other media, but which
work like interactive web pages. Information is encoded on each page using ink which is substantially invisible

to the unaided human eye. The ink, however, and thereby the coded data, can be sensed by an optically
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Vi ewi ng d:bstﬁigﬁn%mngg Sis, the distance fromthe nib to the center of the

fi e:c d of vi SWf ¥“ CHRY dah ﬁ%ﬁrﬂﬁ 1htidalag nla Wnciuﬂ@@’ﬁtrdlhtﬁﬂﬁu&tﬁg the décﬁ &nﬁbr E(hﬁtlvate

surface at | eren Itc respe tiv

surface hd$ ﬁéWﬁan%@gé‘m&f’f'g gﬂ?stslrEPﬁllg%)]‘d%mt B PERR G & s?rﬁ‘eélﬁl?l? cﬁ“‘:‘f{ﬁ%‘f“ t°gh ®and

Vi evBg active area of a button or hyperlink may be encoded to activate this LED, giving the user of the code sensor
visual feedback that the button or hyperlink is active when the nib passes over it.

Movements made relative to a surface with an implement which has an attached code sensor are
typically captured as a series of strokes. A stroke consists of a sequence of time-stamped pen positions on the
surface, initiated by a pen-down event and completed by a subsequent pen-up event. The pen force can be

35 interpreted relative to a threshold to indicate whether the pen is *up” or “down”, or can be interpreted as a
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cal i br at i @Rotbdodt 34l th@dipikaR&ighal. V& turn now to alternative enbodi nents of the
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(~40MHz) general-purpose RISC processor.

. 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 134. Analog RF components (RF circuit 155 and RF resonators and inductors 156) are

30 provided in the separate RF chip 133.

The image sensor is typically a CCD with an approximate resolution of 215x215 pixels (such a
sensor is produced by Matsushita Electronic Corporation, and is described in a paper by Itakura, K T
Nobusada, N Okusenya, R Nagayoshi, and M Ozaki, “A 1mm 50k-Pixel IT CCD Image Sensor for Miniature
Camera System”, IEEE Transactions on Electronic Devices, Volt 47, number 1, January 2000, which is
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25 application of this embodiment - see later). The illumination path is designed to produce the same object space

field of view as the capture path, so that the illamination 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 focused illumination
allows both a short exposure time and a small aperture, The short exposure time prevents motion blur, thus
30 allowing position tag data capture during pen movement. The small aperture allows sufficient depth of field
for the full range of surface depths induced by tilt. The capture path includes an explicit aperture stop 191 for
this purpose.
Because the image sensor 132 typically has a strong response throughout the visible and near-

infrared part of the spectrum, it is preceded by an infrared filter 163 in the capture path so that it captures a

35 clean image of the tag data on the surface, free from interference from other graphics on the surface which
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ed
i ncl udi ng cerrelasiprtedhaiawe t(? 1aasion [InythisaRproash, Eﬁ"&?frf'l“’fess‘&‘?%"a&m’g@u?‘f”% FP&WF’ﬁ‘bm
c Oded dat 3deass b %ﬁitems hitd, ﬁ-&h@th&iﬂfnfeﬁﬁ'ﬁne displadebleats) aShftd vector. This approach can break

A?AoAni ?g”A ‘i‘f}i\ V‘)&“?&“’%ﬁﬁy K ﬁ?’f’ e gﬂgﬁ{m%tjg !x?él&w(rgmf °h"}{1f“[-%f§“ and to locate and decode

tags at a corresponding rate. Altcrnauvely, rapid tilt change can be accommodated within an inter-frame

correlation scheme if the scheme actively tracks features such as tag targets from one frame to the next. The
advantage of inter-frame correlation techniques is that they are less compute-intensive than full tag decoding.

They may also be used with lower-resolution or smaller captured images.

25 As mentioned above, movements made relative to a surface with an implement which has an
attached code sensor are typically captured as a series of strokes. A stroke consists of a sequence of time-
stamped pen positions on the surface, initiated by a pen-down event and completed by the subsequent pen-up
event, A stroke is also tagged with the region ID of the surface whenever the region ID changes, i.e. just at the

- start of the stroke under normal circumstances. As discussed above, each location tag includes data indicative

30 of its position on the surface and also region data indicative of the region of the surface within which the tag

lies.

Figure 16 is a diagram illustrating location tag and stroke processing in the code sensor. The pen
controller 134 starts with an empty stroke (at 164). It then continuously samples (at 165) the nib force via the
force sensor photodiode 144, checking for a pen-down state (at 166). If the pen is in a pen-down s.tate, the pen

35 controller 134 captures (at 167) an image of the surface, locates (at 168) a tag in the captured image, decodes
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L- 3109 () - F+10&(ﬁl§’e start-ob YAtKERe Hon-cdntroller 134 records the elapsed time since the last absolute time

30 notified to the system. For each pen position in the stroke, in the form of a raw pen position 177, the controller

134 records the x and y offset of the nib from the current tag, the x, y and z rotation of the pen, and the nib
force. It only records the tag ID 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.

35 Since the code sensor samples its position and orientation at 100 Hz, pen positions in a stroke are
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Each component of a stroke has an entropy-coded prefix. A 10mm stroke of 1 second duration
15 spans two or three tags, contains 100 positions samples, ar.ld therefore has a size of about 5500 bits. Online
continuous digital ink capture therefore requires a maximum transmission speed of 5.5 Kbps, and offline
continuous digital ink capture requires about 40 Kbytes of buffer memory per minute. The code sensor’s
512KB DRAM 48 can therefore hold over 12 minutes of continuous digital ink. Time, region and nib changes
happen so infrequently that they have a negligible effect on the required transmission speed and buffer

20 memory. Additional compression of pen positions can reduce transmission speed and buffer memory

requirements further.

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

Cryptography, Second Edition, Wiley 1996, the disclosure of which is incorporated herein by reference)

before being transmitted to the computing system. The pen and computing system exchange session keys for

25 this purpose on a regular basis. Based on a conservative estimate of 50 cycles per encrypted bit, the encryption

.of a one-second 5500 bit stroke consumes 0.7% of the processor’s 45 time.

The combined geometry of the code sensor attachment and the implement to which it is attached is

somewhat constrained by the requirements of the optics. An alignment tool is therefore provided in the form of

a base 1110 which simultaneously receives the code sensor attachment 1010 and the implement 1012,

30 allowing the former to be attached to the laiter in a controlled manner. The base 1110 is illustrated in Figures
18 to 22,

The base consists of a base molding 1112, a metal pivot shaft 1114, an paired levers each
consisting of a grip 1116 and an arm 1118. The paired levers wrap around the pivot shaft 1114 with the arms
1116 projecting inwards to form a guide which marries with the longitudinal slot in the code sensor

35 attachment’ s metal clamp 1020. The base molding is arranged to receive the code sensor attachment 1010
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Assuming a point-like rather than curved nib, the geometry is defined by a three-dimensional

vector from the viewpoint to the nib. Assuming, as before, that the optical axis and the nib lie in a known pitch
plane, calibration involves sensing the surface at two different pitch values, determining the lines of
intersection between the pitch plane and the surface at these pitch angles, and then determining the point of

20 intersection of these lines. The point of intersection is the point of the nib.

Figure 23 shows sensor space with the viewpoint E at the origin and the point of the nib A at point
(S, D), where D is the viewing distance and S is, the distance from the nib to the center of the field of view

window at zero pitch.
Two lines L; and L; indicate the surface at different pitch angles 6, and 0, respectively.

25 Once the surface has been imaged at a particular pitch angle, the pitch angle 6 and viewing

distance I can be inferred from the imaged tag in the usual way.
Lines L; and L, are then defined by:
z=~-ytan0;+1;
z=-ytan0,+ 1,
30 Solving for y and z gives the intersection point of the two lines, i.e. the point of the nib:

S=y=(I,-—Iz)I(tan91-tanGz)

RECTIFIED SHEET (Rule 91)
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allow the nib shape to be determined to the extent required to model the interaction of the nib with the surface

within the operating ranges of the pen. This modeling is what is required to precisely track the motion of the

nib, as well as to model the shape of the stroke produced by the nib at various orientations.

20 The calibration technique does not allow the shape of a concave nib to be determined. However, .

cavities in a nib only affect stroke shape, and not nib motion.

Althoungh the inference of the pen transform as described in the co-pending application
PCT/AU00/00568 only takes into account a spherical nib, it can be extended trivially to take into account an
arbitrary nib shape defined by an exact or approximating polygon.

25 ' After attaching the code sensor attachment, the user calibrates the resulting geometry in

conjunction with a special netpage which informs the system that calibration is taking place.
‘We turn now to alternative embodiments of the coded data and the code sensor attachment.

In a first alternative embodiment, the coded data is indicative of an identity which is data

identifying the substrate. This enables the code sensor to identify the substrate, such as whether the substrate is

30 a particular type of document or whether the substrate forms part of another object. Of course, since with this
embodiment the tags are indicative of the characteristics of the surface and not the location of the tags relative

to the surface, separate means are required for sensing movement of the apparatus relative to the surface.

In a second alternative embodiment, the coded data is indicative of an identity which is data

indicative of the tag type. The code sensor can then identify whether the tag represents an object of interest
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The present invention has been described with reference to a preferred embodiment and number of

20 specific alternative embodiments. However, it will be appreciated by those skilled in the relevant ficlds 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 spéciﬁcation, including documents incorporated

by cross-reference as appropriate. The scope of the invention is only limited by the attached claims.
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held impc hund of an average human and used independently of the sensing device.

2. A sensing device as claimed in claim 1, wherein the awtachment means s adapccd to
facilitatq attachment and detachment of the device to a writing implement.

10 3. A sensing device as claimed in claim 1, whereln the attachment means is & clamp.

4, A sensing device as claimed in claim 1, further including means for casuring correct
orienta(;inn of the device when the writing implement is held by a user during use.
s. A sensing device as clatmed in claim 4, wherein said means for ensuring correct qricmadon

of the davice is a grip portion configured o as to correspond with & portion of & user’s hand.

15 6. A sensing device es claimed in claim 1, further including calibration means for calibrating
the devige such that information indicative of the distance between a writing portion of the writing implement
and thejdetection means is incorporated into said region identity data.

7. A ‘sensing device as claimed in claim 1, wherein the attachment means is adapted to
fucilitatry uttachment of the device to & pen or marker,

20 . & A sensing device as claimed in claim 1, wherein the z_machmcm means is adapted to
facilitaterattachment of the device to a pencil.

9, A sensing device a8 claimed In claim 1, further including motion sensing means configured
10 genetyte movement data indicative of movement of the sensing device relative to the region.

10. A sensing device as claimed in claim 9, wherein the motion sensing means is configured to
25 generatérhe movement data using the coded data.

11. A sensing device as claimed in claim 9, wherein the motlon sensing means includes at least
one scceleration sensing means, the acceleration sensing means being conflgured to sense acceleration of the
sensingidevice as the seasing device moves relative to the region, the motion sensing means being configured

to genetsre the movement data by periodically sampling the acceleration.

30 . 12. A seming device a5 claimed In clalm 11, wherein the acceleration sensing means is
configuréd to sense at least two substantially orthogonal components of acceleration. -

13, A sensing device as claimed in claim 1, wherein the coded data includes a plurality of tags,
each tag heing indicative of an identity of a region within which the tag lies.
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