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BACKGROUND
Self-contained pen-like devices have been described which mark a surface while simultaneously

25 capturing their own movement relative to the surface. Some such devices sense their own movement using
embedded accelerometers. Others sense their own movement by detecting information which is machine-
readably encoded on the surface. In this latter category, see for example US Patent 5,477,012, US Patent
5,652,412 and PCT application WO99/50787.

Since these pen-like devices typically inclnde an integral marking means, they support only a

30 limited set of marking modes or styles.

SUMMARY OF INVENTION
In accordance with a first aspect of the present invention, there is provided a sensing device for use

with a surface having coded data disposed on the surface, the coded data being indicative of an identity of a

region associated with the surface, said device including detection means arranged to detect the coded data



regi on associated with the surface, said device including detection nmeans
arranged to detect the coded data WO 01/63548 PCT/ AU00/ 01443 -3 and to
gener at e wegii@nsdgdentity data indicative of the identity afctiAgofoegizon
using the coded data, and attachment means for facilitating attachnent of
the device to a witing inplenent. Preferably, the attachnent neans is
adapted to facilitate attachnment and detachnment of the device to a witing
inplenent. 5 Preferably, the attachnment neans is a clanp. Preferably al so,
t he device includes neans for ensuring Cdfrect orientation of the device
when t he iting inplenent is held. by user. durjing use.. Said ns faqr
ensuri ng 1 PSP FEIEAVTEH BR RIECRE e SRy Olhe eGP B (PR o on
conf i gur editssloneasmdans fodadlggippridchettiof e {poicd to @ mritkig implersear.' s hand. Preferably,
t he sensing device includes calibration neans. for calibrating the device
such that 10 i rirefershist ithe Attachroingmeans/is adgpted tedacitate atachemers andetaphmgntof the idevipe
portion ofodfindMniptemBd. | Mpl ement and the detection neans is incorporated
into said region identity data. Preferably, the attachnment nmeans is adapted
to fa&ilitate atdraehbnemnk akhidimnedand Lnpo a pen, marker or pencil.
Preferably, the sensing device includes notion sensing neans configured to
gener at e novenerfreferdlly dt e davite dalbdey @camé fonens@ive ndrrecforibheions efitisd degicahehen the
relative LouldiRolfitl 8y B LLET fiboiue. SIEnERL P REDSIANR HERRS, drinec@Rli Ay ed
to generate the npvenent data using the coded dafa. In an alternative
enbodi mente 2 FRPofpr opheuEd e isrigcoresarn Withe pytRasf aesesddat one accel eration
sensing neans, the acceleration sensing neans being configured to sense
accel eration of FH&EeR fEngeirticengadet %‘élbra'%‘ @%‘Pfsf"%@al’(!?@\tﬁg:@e AoireSushehalt i ve
to tHe redif@matioh hreicabt oD the SBtakk hgwere ansitieponipn ©OE wgtiigtthplneng afdakieatectiohe
novenent %grgisl}%oﬁgr%gﬂ{oggh}%iogﬂ%{yldgtg_ the acceleration. Preferably, the

g neans 1S conftl

accel eration sensin gured to sense at |east two

substantial ly  aiiia@0 AR s RRROAGH S addbtetts SRl AtcBRent SRS R X pent AG&LOdeEd
data includes a plurality of tags, each tag being indicative of an identity
of a 25 PERPEh within which the tag lies. In accordance with a second
aspect of the prese inventiqn, there is. provided a systemfor capturing
"nfor mat i on appitat SR e dREYS P TG STy PR
desctd bed dabpdiestiveef chogemesiof fhasesifpaieticegelgivel@thederion. associ ated with the
surface. Features and advantages of the present invention will becone
appar ent from t Haefgrgily, §gimetion sgBing meams is penfignedd$ seaerio the meyrmsntidpie psingfthe cpded way
of exanpl @a@nly, with reference to the acconpanying draw ngs. BRI EF
DESCRI PTI ON OF DRAW NGS Preferred and ot her enbodi ments of the invention
w Il now be desanhbf@mathy eibodinht, A fhotidn Rinkihgh@eans includes at least one acceleration sensing

means, the acceleration sensing means being configured to sense acceleration of the sensing device as the
20 sensing device moves relative to the region, the motion sensing means being configured to generate the

movement data by periodically sampling the acceleration.

Preferably, the acceleration sensing means is configured to sense at least two substantially

orthogonal components of acceleration.

Preferably, the coded data includes a plurality of tags, each tag being indicative of an identity of a

25 region within which the tag lies.

In accordance with a second aspect of the present invention, there is provided a system for
capturing information applied freehand, said system including a sensing device as described above, and a

surface having coded data associated with the surface.

Features and advantages of the present invention will become apparent from the following

30 description of embodiments thereof, by way of example only, with reference to the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS
Preferred and other embodiments of the invention will now be described, by way of non-limiting



WO 01/ 63548 PCT/ AUO0O/ 01443 -4 exanple only, with reference to the
acconpanyi ng drawi ngs, in which: Figure 1 is a schematic of a the

rel at i onsWigunigisgeen a sanple printed netpage and its onl ipgg/ 00091443
description; Figure 2 is a schematic view of a interaction between a pen

wi th an attached net page code sensor 5 attachnent, a netpage printer, a
net page page server, and a netpage application server; Figure 3 is a
schematic view of a high-level structure of a printed netpage and its
online page description; Figure 4a is -aplan view show ng a structure of a
net page tag; Figure 4h is a _plan view show ng a relationship between a set
of the ta@’g‘mgg(?%ﬁ"f"ﬁr r‘a‘ﬁ‘?tgthgéccﬁrﬂﬁm%l”gd%vnfgﬁ ¥ view of a netpage sensing
device; Figure 5a is.a plan.vi showi ng .an al ternati structure of a

et page tag. Fi v Tabr oA bR ORMNIR BB L EhORbS Bhe el oo
of the tagecrhgtioun in Figure 5a and a field of view of a netpage sensing
device; Figure 5c is a plan view show ng an arrangenent of nine of the tags
shown i n Fi gur e Fsreitied hemptc yvigy glet igtergption 8eiweea d Ppreviic@ittaghyddeieee cedggesor

Fi gurse 5d atashrieni)h Adipald (Rittes D BbaBpabd¥ervid n@ b hadmyd HPlicaA sé@dat i on of the
synbol s of the four codewords of the tag shown In Figure 5a; Figure 6 is a
schemati c vi ew @igua 3tiag sthemge ewodesigghrieyebsutlctte ©0 d ipfijecahehagd dnl s offing Plige 7
is a persg%glrjljﬁr@ vi ew of a netpage code sensor attachment according to the
pr esent i'nvéntion, attached to a pen; Figure 8 is a perspective view of
the netpage codg;3RnsR% pik HidcHERnL 2 Aul@e bedebedecapped pen; Figure 9 is a
perspective view of the netpage code sensor attachnment; Figure 10 is a
perspective Vi ewigal 4b ke pliR AR ShdleneQfrelitRBnNBLPEGE 608 Bhe HIHON iRFLa6 DB,

Fi gul£ 11f|1§ an eggl ded vi ew of the netpage code sensor attachnent; 25

Fi gure 12"7§°2"Cr088FELY 0% ‘8t he net page code sensor attachment; Figure

13 is a perspec 'gﬁgsﬁsgé\%mie& §wi'3§3§1aﬁ ﬁ%os;fi‘&lﬁf)&gg‘%%‘}ﬁgtaét he net page code

sensor attachment” re 14 1s°a schemati c agram of a controller

for the net page pAd8n S8R VieR shAGIY TR btionship HBWESR ake of e AeSERRIRElsfre Yl £W,Of @
net page cqode sensor attachpent optical path; Figure 16 s a flowhart of a

stroke caffldrbviey darsRaBeiensg de¥iGure 17 is a schematic view of a raw digital
i nk cl ass di agr .01/.63548 .PCT/ AUO0O/ 01443, -5 Figure 18 js. a
o Speat Ve b eI o it PIEL [a Houiss a1 STHEGETAF piat A Ren uaust Tl Soptes

acco®di n g targpts are shared between adjacent tags;

Figure 5d is a plan view showing the interleaving and rotation of the symbols of the four codewords

of the tag shown in Figure 5a;
Figure 6 is a schematic view of a tag image processing and decoding algorithm;

Figure 7 is a perspective view of a netpage code sensor attachment according to the present

20 invention, attached to a pen;
Figure 8 is a perspective view of the netpage code sensor attachment attached to a capped pen;
Figure 9 is a perspective view of the netpage code sensor attachment;
Figure 10 is a perspective view of the underside of the netpage code sensor attachment;
Figure 11 is an exploded view of the netpage code sensor attachment;

25 Figure 12 is a cross section of the netpage code sensor attachment;
Figure 13 is a perspective view of the PCB and optics block of the netpage code sensor attachment;
Figuire 14 is a schematic block diagram of a controller for the netpage code sensor attachment;
Figure 15 is a schematic view of a netpage code sensor attachment optical path;
Figure 16 is a flowchart of a stroke capture algorithm;

30 Figure 17 is a schematic view of a raw digital ink class diagram,;



the present invention; Figure 19 is a plan view of the netpage code sensor
attachnment housed in the base; Figure 20 is a side elevation of the
net page ca@diggsgor attachnent housed in the base; 5 Fi guycaydooioss4d front
el evation of the netpage code sensor attachnent housed in the base; Figure
22 is a cross section of the netpage code sensor attachnment and base, with
the attachable sensing device housed in the base; Figure 23 is a schematic
view of the calibration of point nib geonmetry; and Figure 24 is a
schematic view of the calibration of sph&rical nib geonetry. 10 DETAILED
DESCRI PTI ON OF PREF D AND. OTHER. EMBQODI S Note: MemetIMis a
trademark of Si E%ﬁé‘iﬁg ?ggl?e’ﬂé%‘évﬁly‘éﬁ" 3 Pefppsg coR ¢ 4ftachment ‘}q?]‘%eiaug‘aﬂi?séf“é?f’rfi%‘%m
enbodi nentthe ptebemt invewtint i on is configured to work with the netpage networked
conput er system a sunmmary of which is given below and a detail ed
descri ption of WieueeH9 isg pisinview of the stprgecede speqrditackmeaphobsed mtthedns;, i ncl udi ng in
particul ar applications PCT/ AUCO 0000565, PCT/ AUOO/ 00561, 15
PCT/ AUOO/ 00569aRte ey jsAsidoFlonatore! the petrigq oddrenseprcbmena hascpd ittt battot  every

st of the specific
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aspect s ofsensingdepicelppsed injthataset | on operate. In brief sunmary, the preferred
form of the netpage system enploys a conputer interface in the 20 form of
a mapped sur f ac&igMeR3 s ajschematic yisy of hegalitrefiop glpeinib eqqmetentdi ns ref erences to
a map of the .surface, . maintajned in a _conputer system The map references
can be queried ﬁiﬁ“’ﬁ%‘l,ﬁﬁﬁ?h{?ﬁ?qcéf’[eg Ot@ﬁ?}‘lﬁﬁ‘q’g8{ff’lée€? “‘Eé??@’ﬁt@i' ng upon the
specific inplenentation, the map references may be encoded visibly or
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coded data, can be sensed by an optically RECTIFIED SHEET (Rule 91) |1 SA/ AU
WO 01/ 63548 PCT/IAM [SOANY t e_%e_ferred form of the netpage system employs a computer interface in the

20 form of a mapped surface, that is, a physical surface which contains references to a map of the surface

maintained in a computer system. The map references can be queried by an appropriate sensing device.
Depending upon the specific implementation, the map references may be encoded visibly or invisibly, and
defined in such a way that a local query on the mapped surface yields an unambiguous map reference both
within the map and among different maps. The computer system can contain information about features on the
25 mapped surface, and such information can be retrieved based on map references supplied by a sensing device
used with the mapped surface. The information thus retrieved can take the form of actions which are initiated
by the computer system on behalf of the operator in response to the operator’s interaction with the surface

features.

In its preferred form, the netpage system relies on the production of, and human interaction with,
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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i magi ng pen and transmtted to the netpage system In the preferred form
active buttons and hyperlinks on each page can be clicked with the pen to
request i woorreas4son fromthe network or to signal preferemrasAtm/ioadqaet wor k
server. In one enbodiment, text witten by hand on a netpage is
automatically recogni zed and converted to conputer text in the netpage 5
system allowng forns to be filled in. In other enbodi nents, signatures
recorded on a netpage are autonmatically verified, allow ng e-conmerce
transactions to be securely authorized.-®s illustrated in Figure 1, a
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Netpages printed at their point of consumption combine the ease-of-use of paper with the

timeliness and interactivity of an interactive medinm.

As shown in Figure 2, the netpage pen 101 interacts with the coded data on a printed netpage 1 and

30 communicates, via a short-range radio link 9, the interaction to a netpage printer. The printer 601 sends the
interaction to the relevant netpage page server 10 for interpretation. In appropriafe circumstances, the page

server sends a corresponding message to application computer 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

35 used in conjunction with high-speed microelectromechanical system (MEMS) based inkjet (Memjet™)

RECTIFIED SHEET (Rule 91)
ISAJAU



RECTI FI ED SHEET (Rul e 91) | SA/ AU WO 01/ 63548 PCT/ AU0O0/ 01443 -7 printers,
for exanple as described in our co-pending application PCT/AU00/00578. In

t he pref ewoed/sBosm of this technology, relatively high-speauseiotia43

hi gh-quality printing is made nore affordable to consuners. Inits
preferred form a netpage publication has the physical characteristics of a
tradi tional newsmagazine, such as a set of letter-size glossy pages
printed in full color on both sides, bound together for easy naV|gat|on and
5 confortabl e handling. The netpage prinfer exploits the grow ng

avai |l abi | i r S I o
opor ate wiiteS s aatie R abhidh fL AP BRERSRoicIE O R8RS B B BB 32

i mage qualthis fehnofvey, reladielyeips-seepd edrhigh apelis] @@tlrtges eﬁiamoeqjaffeelﬁkrkgto ewsmqrmgm its
consuner  iphkded fofd n t?a%@ fmbﬁéa‘hEH 2§ Ge pl@Ll&alf'Qidgaeﬁshﬁ oP¥ §atdﬁmlé1\‘ne!vjsmag%%r ﬁtﬂﬁasr&mr e
sl owly ang will there | ess ac g froma_ consuner's paint of

view |n SEWECUIEZE ﬁ%sél |Pﬁ%ﬁtp§medt ‘Hé““n °‘§)?§’fse RIS t9sERer & B “é"‘%?f‘?r{/ﬁ’fle
i ntrdnet. comfosdbielhhndbidrer enbodi nent s, the net page systemis hosted on a
si ngl e conmputer or conputer-enabl ed device, such as a printer. Netpage
publication ser VEegetpage grinteriraploisttipageviredveiablityaaf érogdbadd Igtamededes. el rietpege

print-qua |phﬁtéé caPHBl b G &t WNSowePedlRbRAE ButRlith TnS: ﬁchv?r? (il Q0hE BlverRiRE h&RE! BRS
are delivered automatically to subscribing netpa printers via

poi nt cast PFBRSARECTHEAlse Q%ﬁalﬂif UHE esHea C"bﬁ“’(‘}?fd‘é‘dﬂ‘ & lwwgeﬁwal%e thamitstwlli ons
are filt ernpdatandre slx';ivlpf akdradit ﬁéief&l@(lﬁl‘ldsb Ngceptabld R \e Ebdduimertss ﬁo"mtmfafelwl @6 othdd
gghpf?i)rekpw Ftdlenlients,atge ne agé) Q fd F oste gn %lrjl)l nat eélf_ntsrag'lre]yln #ﬂtz)?ner € bé)rlir_ngn thaenn%tpagepen

i npl enment aysieoyis hoetat‘hl aﬁé@p&g@upm Cmteaerewdqisecq, i!lelmmaﬁ)tnéw A househol d may
have a collection of col ored netpage pens, one assigned to each nenber of
the famly. Thi SNetRdgq pHRicalRCSIVERS df op ShensiPAgeAIcRVoRk de Sqnfipeed t9rdelivey Brinjyyality
respect t cputﬂlcmeﬁspagap@e I@hm&‘rat%mlcslq;rumeauoeg ard AEHver6d huitddticaBP toS@bs¥iBing nbrpage

net page pen_can. ered Wi t net.p .ion s ver 1
ond’ | nkednre dnergfeetiis o5 pibREE Weit SaBSlh PERAL BiPlus S Bishrte
paynent s tfombid swodngloyndaidulleser prefilesusi ng t he net page pen. The netpage

regi stration server conpares the signature captured by the netpage pen with
a previously reYypunaes eiehtes fagba parfiguredde upndriagy numbeioof fers+ieh e pasreverk wityagr ' s

identity tn@m@n oPneGRIRIES. §1eﬂhé/§ﬂéferréa lhxﬁlémaita@{?feteﬁdh%tp%é p@@-ﬁhs@lu'ﬁ@ué)ﬁerkiﬁﬁdAt 0
A_versi on of t etpa e pen includes f|

verify id
Soann) ng. TSRO BAE S PR Hor T B Dot S ARS8 SR aF b i i
AI t hough allevetepdgserpo imatoin m;tmctajrofﬂeewnlpespb@dm @ abttpags pdtlicagion $eher oroapplichipn
wsRper ¢ ﬁ& d.hout user intervention, it can be configured never to deliver
J

unsoI|C|te unk mail. Inits preferred form it only delivers periodicals
from subscri bed Qherplob st escaﬂetrbgmeaeﬁmsa%{psrg%%eglstrmmy Rlrer 1 £2R8Mked b B or
netpage printer is unlike a fax machi ne or e-mail account which is

visible tFHRPYPER PRS- %GIIWS\RB‘“‘PW? RAENEIS AR PeortrptiboRed esingghe netpage

addr ess. 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
25 can also be used to verify identity. A version of the 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 respect, the netpage printer is unlike a fax

30 machine or e-mail account which is visible to any junk mailer who knows the telephone number or e-mail

address.

Each object model in the system is described using a Unified Modeling Language (UML) class
diagram. A class diagram consists of a set of object classes connected by relationships, and two kinds of
relationships are of interest here: associations and generalizations. An association represents some kind of

35 relationship between objects, i.e. between instances of classes. A generalization relates actual classes, and can
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Tags are printed in infrared-absorptive ink on any substrate which is infrared-reflective, such as

of

ordinary paper. Near-infrared wavelengths are invisible to the human eye but are easily sensed by a solid-state

image sensor with an appropriate filter.

30 A tag is sensed by an area image sensor in the netpage pen, and the tag data is transmitted to the
netpage system via the nearest netpage printer. The pen is wireless and communicates with the netpage printer
via a short-range radio link. Tags are sufficiently small and densely arranged that the pen can reliably image at
least one tag even on a single click on the page. It is important that the pen recognize the page ID and position
on every interaction with the page, since the interaction is stateless. Tags are error-correctably encoded to

35 make them partially tolerant to surface damage.
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be uniquely identified. Tags may also contain type information, and a region may be tagged with a mixture of
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30 interleaved with the first, encoding y coordinates.

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

35 the six codewords are interleaved spatially within the tag. This ensures that a burst error (an error affecting
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35 The ring target structure 15 is the first to be located (at 26). A ring has the advantage of being very
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codewords is decoded (at 38) to yield 20 decoded bits 39, or 120 decoded bits in total. Note that the codeword
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30 process.

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 seeking another tag in the current image.

35 The obtained tag data indicates the identity of the region containing the tag and the position of the
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at each orientation. Each codeword can either contain a single bit indicating whether it is the first codeword, or

two bits indicating which codeword it is. The latter approach has the advantage that if, say, the data content of

only one codeword is required, then at most two codewords need to be decoded to obtain the desired data.

30 This may be the case if the region ID is not expected to change within a stroke and is thus only decoded at the
start of a stroke. Within a stroke only the codeword containing the tag ID is then desired. Furthermore, since
the rotation of the sensing device changes slowly and predictably within a stroke, only one codeword typically

needs to be decoded per frame.

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

35 representation being self-registering. In this case each bit value (or multi-bit value) is typically represented by
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30 of a particular user interface element.

An object-indicating (or function-indicating) tag contains a tag ID which directly identifies a user
interface element in the page description associated with the region (or equivalently, a function). All the tags
in the zone of the user interface element identify the user interface element, making them all identical and
therefore indistinguishable. Object-indicating tags do not, therefore, support the capture of an absolute pen

35 path. They do, however, support the capture of a relative pen path. So long as the position sampling frequency
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tightening screw.

‘When the code sensor attachment is attached to an implement, the user grips the code sensor by the
grip areas 1018, i.e. typically between thumb and forefinger. The projecting grip areas 1018 of the housing
30 1026 define an interior space large enough to accommodate the implement without contact. The implement,
which is held by the metal clip 1020, is allowed to pivot slightly with respect to the housing 1026 when its nib
is pressed against a surface, by virtue of the flexibility of the flexing metal arm 1024 of the metal clip 1020. A
finger 1022 projecting from the metal clip thereby moves relative to the end of the PCB 1034, where an LED
143 illuminates it and a photodiode 144 captures the intensity of the light it reflects. While the interior of
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conmponents. The housing 1026 al so has projecting grip areas 1018 which
allow a user to confortably grip the 15 code sensor. The housi ng 1026

recei ves @wochassiss nol ding 1032 which in turn receives, Viemoppeaedss! ots,
a PCB 1034. A cover 1028 is secured to the end of the housing 1026. The
cover 1028 is also of nolded plastics, and is fornmed fromsem -transparent
material to allow the user to view status LEDs 116 nounted at the end of
the PCB 1034. The cover 1028 al so provides an aperture for the optics bl ock
135 nount ed on the PCB 1034. A netal cH15 1020 is secured to the housi ng
1026 at t 05| e end to.the cover
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| Mgy SengyQr mggg sensortl3i) r?d tgeréb§ the distance of the nib, from an imaged location tag. The controller chip

134 calculates the orientation of the pen and the nib-to-tag distance from the perspective distortion observed

on the imaged tag.

Control data from the location tag may include control bits instructing the code sensor to activate
its “active area” LED (one of the status LEDs 116). Thus, a region on the surface which corresponds to the
30 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



10 illum nation fromthe LED 131 onto the surface and projects inages of
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capacity, are also nounted on the PCB. The code sensor attachnment 1010 of
this enbodi nent of the invention is specifically arranged to 15 detect
coded data recorded on a surface for use in sending instructions to a
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3

- 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



formed. When the code sensor noves out of range, digital ink data is
buffered within the code sensor and can be transmtted |ater. The DRAM
148, if 5S5wW2KB/e3smn hol d digital ink of approximtely 12 nmipoavAasio/odusat i on.
10 The various operations of the code sensor attachnent 1010 will now be

described in nore detail in the follow ng sections. As discussed above,
the controller chip 134 is nounted on the PCB 1034. Figure 14 is a bl ock
diagramillustrating in nore detail the architecture of the controller chip

134. Figure 14 also shows representatirdds of the RF chip 133, the inage
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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. just under 20° for the

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 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 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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On-Ljne Hand Witing Recognition” | EEE Transactions on
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 state, the pen

35 controller 134 captures (at 167) an image of the surface, locates (at 168) a tag in the captured image, decodes



5 Pattern Analysis and Machine Intelligence, Vol 12, nunber 8, August 1990,
the disclosure of which is incorporated herein by reference). The force
sensor phewodicesks 144 is utilized to determne, relative treT/Atmo@sscl d

val ue, whether the pen is "up” or "down". The force nay al so be captured as
a continuous value, as discussed above, to allow the full dynam cs of a
signature to be verified, for exanple. The code sensor determ nes the
position and orientation of its nib on the surface by inmaging, in the 10
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i.e. on detec
?mmedlate(%eedback is provided by the ink markings made on the surface. When a stylus nib is being used, the

computing system may produce immediate feedback output.

At the start of a stroke the pen controller 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



(at 172) of a pen-up state after a pen-down state as indicated by the
presence of a non-enpty stroke, the pen controller 134 encrypts (at 173)
t he strokwodateassand transmts (at 174) the stroke data vi @diwudeeieBi p 133
and 5 antenna 112, to the conmputing system It then starts w th another
enpty stroke (at 164). Assuming a reasonably fast 8 bit nultiply (3
cycles), the processing algorithmuses about 80% of the processor's tine
when the pen is active. If the code sensor is out of range of a conputing
systemto transnit to, then it buffers-@0gital ink in its -internal
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posi tion iQuidRnshie, in the formof a raw pen position 177, the
controller 134 records the x and y offset of the nib fromthe current tag,
the x, y and z retmtriwReet & e, usa@dthé heipBiDES fighiam (ské S, rBeCAq;i)ﬁla‘d the
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code sensor sanp es Its ion and orientation at pen positions

in a strolkt2 drEeEcerrd ¥ %‘?gﬁ‘@ cpnsarmea 0y fobthapracessorsS 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 latter 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



inplicitly clocked at 100 Hz and do not need an explicit tinmestanp. If the
code sensor fails to conpute a pen position, e.g. because it fails to
decode a wai/essasmust still record a pen position to presacagatdo®id4spl i cit
clocking. It therefore records the position as unknown, in the formof an
unknown pen position 179, allowng the conputing systemto |ater
interpolate the position from adjacent sanples if necessary. 5 Since the
32-bit time offset of a stroke has a finite range (i.e. 49.7 days), the
code sensor optionally records an abseldite time for a stroke, in the form
of atine crp aﬂ?gui&%% Thi s becmges the absolute tine relative to which

lever arms
| ater stroKes sets aré neasured. Since the region IDis constant
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manner. The ase ustrate I'gur es to 22. The base

consists of a beﬁgmra%lsﬁmgenl&% ce@ttlﬂﬁé@éwp@iht\@attﬂéla ﬁanalfﬂei,om@amgﬂfbmeﬂp&ﬁvers
each consjsting of a grip and an arm 111 paired | evers w ap

around t héS:g Yﬁlie’es%%ifﬂ?e ‘iﬂ‘lﬁ ‘V\ﬁ“?‘?? af’ﬂé“a‘f’?@sm“ﬂfi‘ﬁn E}F B’jbé‘bth Fgter Phvike figld ctch“”f"or m
a gui de whiiglhwaeewoipa. Wi th the | ongitudinal slot in the code sensor 35
attachnent’ s netal clanp 1020. The base nolding is arranged to receive the
code sensor att dbiuimestl; 201IQ indicate the surface at different pifch angles B, and 6, respectively.

25 Once the surface has been imaged at a particular pitch angle, the pitch angle 0 and viewing

distance I can be inferred from the imaged tag in the usual way.
Lines L; and L, are then defined by:
z=-ytan 0, +1;
z=-ytan 6, + 1,
30 Solving for y and z gives the intersection point of the two lines, i.e. the point of the nib:

S= y= (Il —Iz) / (tan 91 —tan 92)

RECTIFIED SHEET (Rule 91)
ISA/AU



WO 01/ 63548 PCT/ AUO0O/ 01443 -21- vertically, guided by the |lever arns 1116.
Once the code sensor attachnent is seated in the base, application of force
to the | eweroigssgss 1118 forces the |lever arns 1116 apart ,pdisompeni ng t he
metal clanp 1020 and readying it for receiving the inplenent 1012. Wen
the inplenment is inserted vertically through the open clanp 1020, it
decends until its 5 nib rests on the internal floor of the base nol ding.
The base nol ding hol ds the code sensor attachnment in a slightly el evated
position with respect to the fl oor, ensQEan an ideal distance fromthe
code sensor att ch he inplement's nib. Releasing the
| ever grips 111 QP& gzﬁ%TgQO d close, firmy attaching the code
sensor attach I T | SR
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Fine calibration_can then be perforned as follows. The geonetry is
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indicate the surface at different pitch angles 61 and O 2 respectively. 25
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as wefA\ 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.

Although 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 senmsor 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



WO 01/ 63548 PCT/ AU00/ 01443 -22 D=2z = (11 tan 02-12tan 01) / (tan 01 -
tan 02) The radius R of a spherical nib can be determ ned by sensing the
surface awadire®sspi tch angles rather than two, as descri lred/Awlomm43Fi gur e
24 shows three lines L1, L2 and L3 indicating the surface at three
different pitch angles. L1 5 and L2 intersect at PA, while L2 and L3
intersect at PB. Line LA starts at PA and has a direction given by the
average of the vectors N1 and N2 nornal to L1 and L2 respectively.
Simlarly, line LB starts at PB and has23- direction given by the average
of the ve YA LA and LB
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alternative em% (il BN ;he coded data is indicative of an identity which
is data {"dERfTf 0f‘fsfg"‘substrate This enabl es the code sensor to

i dentify the Su%& rgstc\;\ﬁ’mv%ﬁ{%ph%%eem 1hb%<]j ﬁlh?fe%ﬁ@%te[é}gfgrr 2mbo gﬁgtagc?rtl U| ar
type of docunment o Rer the substrate Torms anot ner obj ect.
courdde, spnseific Yfemptive prnbodisents diopevst, ittwilbber apeyeciataddby |tlwen skitled ip ghe sflevarty éelds thata

char act er nghteCst oftr dnfdBdimbHid, aigEring FdmIRke phgichiBCRcHSA, @fil alsb B tABIS tlfe%élﬁi dn¥ €
to the surface, red. for novement Q

ate nea | en
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coded dat &mitel to thel sreeific ensbodiinedndesalibet in thy puskenicdpecifEatibas iscluding documents incorporated

by cross-reference as appropriate. The scope of the invention is only limited by the attached claims.
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indicative of the tag type. The code sensor can then identify whether the
tag represents an object of interest WO 01/ 63548 PCT/ AUO0O/ 01443 -23 rat her
than a pogigdiaas@n the surface. For exanple, if the tag rees@di$443n

obj ect and corresponds to a user interface input elenment (e.g. a command
button), then the tag can directly identify the input element. A suitable
separ ate novenent sensing neans for use with the alternative enbodi nents
includes a pair of orthogonal accel eronmeters 190 nounted in a plane normal
to the code sensor axis. The accel eromeldr-s 5 190 are shown in Figure 14
in ghost outline. The provision of the accel eroneters enables this

enbodi nent of the code sensor to sensqggmgéon w thout reference to surface
tags, allowing the tags to be sanpled | ower rate. The accel eration
neasur ed by t he laccél Ervisetedirsion iseaktrp wface having cofief dptacffispesed profhg sqrfpce, the

i nt egr at edodedvidith béi@@ﬁﬂieettivé of 4d M&tify%fﬂr@gidaiﬂ%ﬁsoaﬁteii Rgth ARt BAKRO,USId \aEsli&Cih&lwir@lnd
position. ;10 .Since the starti osition of the strpoke is.not.kn .. anly
Foi at| v (ORI BRE iR b 2 P REM e o Bt Siel At deB B B e

i nt edr at i ohthassiomesingthesoded dgs, snd attachinent sieas fod fagibis@izattahinanof tecleededs omstingr S
typical ly;Rayg.hi gh resolution, and the tinme duration of a stroke, over
whi ch errors accunmulate is short. Instead of providing accel eroneters to

sense notion rebati wesdnéngd Bics Us tiagRa ibikif NalHeNR O bitBRinent BB ROadARANS MY
means whi ch includes an

be provided.. Such neans .incl ude i.on sensin

opt }Oca?/? s aﬁgl@fe%ttfgm%?“éHéticgﬁlg%?féggo_edg”ﬁt? ?S1W’t“f‘sf‘|§ "g‘ﬂ?’feﬁt_c:e to generate signals
i ndicative of myvenmgnt of ﬁEJﬂc% el 1§iyﬁ9§ %re[n‘?ﬂeaarttéc‘ﬂrgenﬁ QeahdlE o SIS ace,
moti on sensing means Whi Gh 1NCI UdEs at 1east two contacts arfanged to

contgpt the surface A0g,SERRE LOMBIBR chilh I, WRaRF (PRGN Bkand it &5LukiRN Sorre@
any other suitable notion sensing neans_for sensing novenent relative to a

surface. PHEWEHLE gy deviaqyarh thoritnaiErismey isheld by  Berdu{iia e r ef erence to a
preferred‘enbod%nent and @unberlof 20 iﬂchch ternative enbodi ments.
However, it wilP be “5FPFreCFaratcBp-d A6er S RPFHRE] RPHE PRFRaFEHECt PieBrire
that a nwefibedeviod is @ tiipeportnomd gurelisd ss,to chirdpend wity aportion dfhoses lspkci fical |y
described, will also fall within the spirit and scope of the present
i nvention. Accofdi ndsppsitigtdevigel as claimed, inciéain §.anther ngludingrralitiratioe meanpier fadibmiing
i nt ergled R dBGce shdnMat Bfbrdddiot MG CcARES kifelifRIBANENR R BnEIRR o bSdwiig Infpfement
pr esent sp%§¥fécat|on, 1nc|ud|qg docunents incorporated by cross-reference
as appr opPTHPeeleqHoB MER 15 dnegPOrpiREP SRICHEPHATHY 93kl y 1imited by the attached
clainms. 25 WD O /63§§§ 5Cﬁé§¢ﬂ0/0144§. -124-1 AN 1.ﬁﬁhsepsing.d%vkgptfor
use with a surface having coted GArS & €pBsbd S Be "R 8"t B RSB
dat a bei ndacilitathi aartineneofidlfe dayicej teleprniot yarkef. a r egi on associ ated with the
surface, said device including detection neans arranged to detect the
coded data and 8o geén&ngtsedevisyiapplaingd it Flpip Hathsreinne edchmrat Beang ferdprivdnioi ty
5 of20 he rREt@IEhddofhacaadespsal a, and attachnment neans for facilitating
attachnment of the device to a witing

9. A sensing device as claimed in claim 1, further including motion sensing means configured

to generate 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

generate the movement data using the coded data.

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

to generate the movement data by periodically sampling the acceleration.

12. A sensing device as claimed in claim 11, wherein the acceleration sensing means is

30 configured 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 being indicative of an identity of a region within which the tag lies.



i npl ement. 2. A sensing device as clainmed in claim1l, wherein the
attachnent neans is adapted to facilitate attachnent and detachnent of the
devi ce t owa owess4sng i nmpl enent. 3. A sensing device as cl aircadavao/oed4ai m 1,
wherein the attachment nmeans is a clanp. 10 4. A sensing device as clained
inclaim1l, further including neans for ensuring correct orientation of
the device when the witing inplement is held by a user during use. 5. A
sensing device as clainmed in claim4, wherein said nmeans for ensuring
correct orientation of the device is a29rip portion configured so as to
correspond with r S 1ce ,med
in cl a:om 1, furtlﬁelr[)% %Lt g)l Bﬁnr%l ﬁ‘TrBrm %%(P% ir?%g%egéfl S%Q%!S I|gtl)n(rgﬁl m%a se&iné%fva
devi ce sucéh ¢lpimed | wf slimt Lortnd nali sufagey daging tmeﬁl@taaﬁ@@l%@t v%@n the \eruifac-ng
portion of the witing inplenment and the detection neans is incorporated
into said region identity data. 7. A sensing device as clainmed in claim1,
wherein the attachnent neans is adapted to facilitate attachnment of the
device to a pen or marker. 8. A sensing device as clained in claiml,
wherein the attachnment nmeans is adapted to 20 facilitate attachnment of the
device to a pencil. 9. A sensing device as clained in claim1, further
i ncl udi ng notion sensing neans configured to generate novenent data
i ndi cative of novenent of the sensing device relative to the region. 10. A
sensing device as clainmed in claim9, wherein the notion sensing neans is
configured to generate the novenent data using the coded data. 25 11. A
sensing device as clained in claim9, wherein the notion sensing neans
i ncludes at | east one acceleration sensing neans, the accel eration sensing
means being configured to sense acceleration of the sensing device as the
sensing device noves relative to the region, the notion sensing neans being
configured to generate the novenent data by periodically sanpling the
acceleration. 12. A sensing device as clainmed in claim1l, wherein the
accel eration sensing neans is 30 configured to sense at |east two
substantially orthogonal conponents of acceleration: 13. A sensing device
as clainmed in claiml, wherein the coded data includes a plurality of tags,
each tag being indicative of an identity of a region within which the tag
lies. WO 01/63548 PCT/ AUO0/ 01443 -25 14. A systemfor capturing
information applied freehand, said systemincluding a sensing device as
claimed in claiml, and a surface having coded data associated wth the
surf ace.



