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a region identity generator configured to generate region identity data indicative of the identity of

the region using the coded data; and
a transmitter configured to transmit the region identity data to a computer system.

Preferably, the sensing device further includes motion sensing means configured to generate
25  movement data indicative of movement of the sensing device relative to the region. The motion sensing means

is preferably configured to generate the movement data using at least some of the coded data.

The coded data is preferably indicative of a plurality of reference points of the region, the motion
sensing means being configured to generate the movement data as the sensing device moves relative to at least
one of the reference points. The coded data may include periodic elements, the motion sensing means being

30 configured to generate the movement data as the sensing device moves relative to at least one of the periodic

elements.

Preferably, the motion sensing means is configured to sample the position of the sensing device
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25 Preferably, the state changing device is activatable and deactivatable.

The device preferably further includes a force sensor adapted to activate or deactivate the state

changing device when the force between the device and the surface exceeds a predetermined value.

Preferably, the device further includes means responsive to a marker associated with the surface to

enable or disable the state changing device in response to detection of the marker.
30 Preferably, the state changing device includes an electric field generator.

Preferably, the state changing device includes a first state changing device for changing the state of
the electronic ink to a first state, and a second state changing device for changing the state of the electronic ink

to a second state.
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producing force data which prov1des mformauon on the force The information can preferably be utilized in at

least two ways.

Firstly, it can be used to determine when the device is first applied to the surface and when it leaves
the surface, with motion between force application and removal being defined as a ‘stroke’ in freehand. The

force data information can be time stamped.

30 Secondly, it can be used to detect, on a substantially continuous basis, force variations when the
device is applied to the surface. This information may be utilized to characterize a signature of a user, for

example, or may be used for a further control for a computing system.

The device is preferably a separate implement containing the appropriate means as discussed

above. It may be any shape but it is preferably in the form of a stylus or pen.
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view of a net pag&:.s ansdung erdl%\djnféﬁts bfthd fiCentiél Wil @bw Be BRErDAY By PaYIOf ndHimitigelr € 5a
is a plan view Shg\vaiffr“]fg" an alternatjve struct yre of a netpage tag; Figure 5b

is a pl &PPSRYSH C8 1O A8OMBHENE FoREENBEAY set of the tags shown in
Figure %-apﬁaurcq i34 SCIICITS!] f 9 he reYatlg hlﬁge&eeﬂﬂﬁ%%%nﬁ?d‘&lp@& ag@ﬁ’s iffne! p&etdg@rlﬂctlgﬁ mof a

net page gure 5C IS view showi ng an afrangenent of nine of the
tags s h% e s E Lcﬂéhl;agc é@w W’h‘%ﬁt@m&ﬁﬁ g&&'e%n dhépa eglrkﬂraedétppfet YiRENa ﬁé@da@eﬁﬁ?& sefv@dS, 25
Figure 5d 1s a plan view show ng the mterfeaw ng and rotation of the

syrrbbﬁsaﬁ‘?alfeFPéganR}FatEbﬁfé‘(Rbrds of the tag shown in Fi gure 5a; Figure 6 is a

schemati ¢ view o roce55| decodi Figure 7
isap erFégblgétl? %ﬁma%WI%fOf nﬁl%% 8 étéuc&gre ﬁ) %n teg Petpa % zén(c)ig?%r?ingpalge (SCSCI‘I tlon ng
field- of Vi eW. CO t| ve expl oded vi ew of the net page
pen showre |e4a|l—5|aé’ti}%'e‘¥s Og@ggs%ﬁ!ru% g Pegpr gqugghematl ¢ bl ock diagram of a pen

control lP@é’uref@rls i Plgn A&l BRE& Q?Qatéﬁml etwBenfal ST BR thos AHdGn & FlglEé Bne 2 EQidios A
schematic view o pen Op%l cal path; WO 01/4100f PCT/ AUOO 01286 -6

view of a netpage sensmg device in the form of a netpage pen;

20  Figure 5a is a plan view showing an alternative structure of a netpage tag;

Figure 5b is a plan view showing a relationship between a set of the tags shown in Figure 5a and a field of

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

Figure 5c is a plan view showing an arrangement of nine of the tags shown in Figure 5a where targets are

shared between adjacent tags;

25  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 pen and its associated tag-sensing field-of-view cone;
Figure 8 is a perspective exploded view of the netpage pen shown in Figure 7;
30 Figure 9 is a schematic block diagram of a pen controller for the netpage pen shown in Figures 7 and 8;

Figure 10 is a schematic view of a pen optical path;



Figure 11 is a flowhart of a stroke capture algorithm Figure 12 is a
schematic view of a raw digital ink class diagram and Figure 13 is a
schematjc view of an electric field between an el ectrode_and a sheet
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MempetTMis a trademark of Silverbrook Research Pty Ltd, Australia. In the
preferred enbodi nent, the invention is configured to work with the netpage
net worked conputer system a sumary ofgwhich is given below and a
detail ed description of which is given in our earlier applications,

i ncl udi ngFigtre PRis & fiowthat ofappdke captureiiperilR@ T/ AUOCO 00569, PCT/ AUOQ' 00565,

PCT/ AUCO' 00570, PCT/ AUOQ 00519 and PCT/ AUCO 00578. It will be appreciated
t hat not &igee Y2 it @ sdhertie mewobd inwdigiwal Ink clpe diemeraiaid y enbody al | or even nost
of the specific details and extensions described in these applications in
rel ation Figue ks bagbpreatis yisy eban clpitipldd borepensipetodnir 4 shsdiefBed in its nost
conplete form to aSSI st in understanding the context in which the

b ef samRErgiLEPESPRNARPBie ered Mo BAR %‘@«% SFENTS o1 oys. & comput er
interf&e in thaot e’f‘lﬁﬁ’msdﬂm%?%ﬁf)%kfﬂé‘ﬁ?‘? ResgrchPlydid. |A§S“a‘éf‘ physi cal surface
System The map It dFGranEaS B0 WUBEIEE by dR-SrBraE Mot B Cerer AT TRg co.
Dependi ng caufpOtar ybrem, sqoemrfatymﬂwmh éngveh dtibennd § Heailwd descrgkior efnehid isrgiyenbe our
encoded Vi SlllepI ¥1ﬂ9 athI[llVI ﬂcﬁg\){g ﬁ)n:jp Iuj na%ﬂhc'atﬁbn? u?’ET@;U‘ﬁ@/MOS%@ atPCq’/A[%/@b%g,uer y

on the napped sur ace S an uous map reference both hin the
map and aRBHGUBVESE}: T/ﬁH%OO“Phéndcé’ PO®IEt Emvidlahe c@prEddtsd fhﬁtf 6?‘nﬁ‘t°{yon

about 1ige ain‘rﬂié?n%ntﬁlﬂvn mgnez@sdﬁi@r%ddysdﬂr& 3@R moad ths ldﬁéd)ﬁb aéars md d:x‘f.bﬂsuﬁla Besbiébed i m
retrieved base erences su ensi n

e, mappel=€anhSRE™ TP PArRaT BT ROL B0 By SanPr Rl PRe- e )
actions whiastst muedersmindingthechnteigyn wikieh thﬁomfmeé pmwgmeemrdnsmeheﬂﬂie possent ingention
oper at or 5& desponse to the operator's interaction with the surface
features. Th its preferred form the netpage systemrelies on the
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net wor, serve I n one Wit
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transactions to be gecurel y authorized. As illustrated in Figure 1,
printed n&fPHEye 1 can represent a interactive form which can be fi IIed
RECTI FI ED SHEET lgRul e r?e]d) WO 01/41003 PCT/ AUCO 0

1ts prefe form, the netpage system relies on the proc?uctlon of, and human interaction with,

25  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

imaging pen and transmitted to the netpage system.

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

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

" As illustrated in Figure 1, a printed netpage 1 can represent a interactive form which can be filled
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-7 in by the user both physically, on the printed page, and
"electronically", via communication between the pen and the netpage
system The exanple shows a "Request" form containing nane and address
fields anwdow41088Ibmt button. The netpage consists of grapdarcawhazsd printed
using visible ink, and coded data 3 printed as a collection of tags 4
using invisible ink. The correspondi ng page description 5, stored on the
net page network, 5 describes the individyal elenents of the netpage. In
particular it describes the type and spatial extent (zone) of each
interactive, el I8 I r.-hul Lot ] I
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t he netpage pen 101, a preferred formof which is described in our earlier
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The appl i ¢af.ld Hm%ﬁ%%%#lﬂﬁ%dhﬂm&Mﬂﬂm%ﬁPd a response which is printed on the
er.

originating prin e netpage systemis made consi derably nore
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printers, tpgiresaahipreactiyty of as ey " H Bur earlier application

PCT/ AUCO' 00578. | n.the preferred formaf .this 30 tec | ogy, .relativel
hi gh- speed and h‘%‘sgsﬁ(-’ﬂ’dﬁﬁg't“flg’ﬁ?clnﬁ??gﬁﬁeri @fl ﬁltﬁer ecgrvrvtl)tg(tah cﬁ?Jfgéc:?ata Iatgn?t%d nf%?%ﬁr%(} s.
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35

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, for example as described in our earlier application PCT/AUQ0/00578. In the preferred form of this

30 technology, relatively high-speed and high-quality printing is made more affordable to consumers. In its
preferred form, a netpage publication has the physical characteristics of a traditional newsmagazine, such as a
set of letter-size glossy pages printed in full color on both sides, bound together for easy navigation and

comfortable handling.

The netpage printer exploits the growing availability of broadband Internet access. The netpage

35
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RECTI FI ED SHEET (Rule 91) WO 01/41003 PCT/ AUOO' 01286 -8 printer can al so
operate with sl ower connections, but with |onger delivery tinmes and | ower
imge quality. The netpage system can al so be enabl ed usi ng existing
consunewo 641883 and | aser printers, although the system rCriAUOOpESat e nore
slowy and wll therefore be | ess acceptable froma consuner's point of
view. In other enbodinents, the netpage systemis hosted on a private
intranet. In still other enbodi nents, '\tﬂm net page 5 systemis hosted on a
singl e conputer or conputer-enabl ed de such as a printer. Netpage
publi cat g i Mer
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I Nt e2@StsidiBF Kay bR The Adthadd leQGRrid\ev@ener al i zations. An association represents
sone kind of relationship between objects, i.e. between instances of
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the cl asgchihd orGOMiIAER RNt Bvhlch $ wgﬁle th&y @ik rrda@éa ts km‘ws ttﬂaeelsdhaxsesnumsé RAE- alta@d
fro he name by a horizontal line, and a list of the operations of the

cla s“@ﬁ&ﬁsated fromthe attribute list by a horizontal line. In the class

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

relationship between objects, i.e. between instances of classes. A generalization relates actual classes, and can

30  be understood in the following way: if a class is thought of as the set of all objects of that class, and class A is

a generalization of class B, then B is simply a subset of A. Each class is drawn as a rectangle labelled with the

name of the class. It contains a list of the attributes of the class, separated from the name by a horizontal line,

and a list of the operations of the class, separated from the attribute list by a horizontal line. In the class

diagrams which follow, however, operations are never modelled. An association is drawn as a line joining two

35  classes, optionally labelled at either end with the multiplicity of the association. The default multiplicity is one.
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30 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.

The relationship between the page description, the page instance, and the printed netpage is shown
in Figure 3. The printed netpage may be part of a printed netpage document 45. The page instance is

associated with both the netpage printer which printed it and, if known, the netpage user who requested it.
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30 the six codewords are interleaved spatially within the tag. This ensures that a burst error (an error affecting
multiple spatially adjacent bits) damages a minimum number of symbols overall and a minimum number of

symbols in any one codeword, thus maximising 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-Solomon code, for
example a Reed-Solomon code with more or less redundancy, with the same or different symbol and codeword

35  sizes; another block code; or a different kind of code, such as a convolutional code (see, for example, Stephen
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subsequently locating target structures. Central shape moments are by their nature invariant of position, and

can be easily made invariant of scale, aspect ratio and rotation.

30 The ring target structure 15 is the first to be located (at 26). A ring has the advantage of being very
well behaved when perspective-distorted. Matching proceeds by aspect-normalizing and rotation-normalizing
each shape’s moments. Once its second-order moments are normalized the ring is easy to recognize even if the
perspective distortion was significant. The ring’s original aspect and rotation 27 together provide a useful

approximation of the perspective transform.

35 The axis target structure 16 is the next to be located (at 28). Matching proceeds by applying the

RECTIFIED SHEET (Rule 91)
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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.

30 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 pen’s optical axis.

The tag structure just described is designed to allow both regular tilings of pianar surfaces and

35  irregular tilings of non-planar surfaces. Regular tilings are not, in general, possible on non-planar surfaces. In



30 The obtained tag data indicates the identity of the region containing
the tag and the position of the tag within the region. An accurate
positio (gﬁllgfothe pen nib in the region, as well as the_overall

orient at 893 of the pen, is then inf erred (at 34) froﬁﬁrﬁ%’o%%ﬁectlve
transform 33 observed on the tag and the known spatial relationship

bet ween the pen's physical axis and the pen's optical axis. The tag
structure just described is designed ti@-all ow both regular tilings of

pl anar surfaces and 35 irregular tilings of non-planar surfaces. Regul ar
tilings temerenodal casdofpine safaces pbas feille tibmgs nhagsplegssibles L fualge@s such 73 skBs of

01/41003 PCTA MHQ 0128Ricient ks S&Jzﬁregpaﬁl%e agwﬂ,chceagsu ol reglhgmaﬁregﬁﬁe‘tﬁﬁgs wher e

€
regul ar p%plilngs tags are possi surfaces such as sheets of

paper and the Aj zhl%matmértfg s%f.xétt'lr@ eRtsuite@Go 8 kdghiGlt 4n8Ss ﬁ@@n Dx%};@@fda whi ﬁ@4@§(p| oi t
the regular nature of the til Anaternatlveta ure no U|ted

. tr
to a redWrEend e fopPreedipoiisst h7g IR TP ELprucyyg o tags dis C’i"%ed g% 5%?%"*3 g
f our Berapr s Maei Biegf @prdsénts itty Uit ReddiSoBmon Bynbls ua,tfufaetotaboft:?a@ sxtsdTéhmag bed
by Bennett et etr, CT es ! Yo 4-bit
Reed- So Ire(gresents ezif: one Bit afﬁdot?% k g‘ctr’a GEN % bQ%% th%‘lbge € h E&gég ?02 gf_hg ge?gﬁ%(ctéyeac
one bit ta@@tsaredmlgme to @rﬁéiaféhwezle?@cﬂ taghgs %hh‘én aﬁs@rfé b &id Xehliswpt $e¥ohdi ng

dot. Thg UQI%rtlﬁwtlb ¥a8s arﬁ@l‘e@@&épcﬁﬁﬂg ﬁlﬁaﬁﬂuﬁﬂﬁ:ﬂi drQicRa 98 Riklce chubl G MaR Riagshaiaee Nt
tags, as shown in Flgwures 5h . an are tiling of 16

Lags andi Ker esimnarig N e ep iR Jroat P oo MR ORI span Che
di a al s of re 5¢.s r

con?lyni ng al |I}Slnﬁ él (ESgs) R d g(lﬂorrncfn cO er ag:lgit% (?f 6? :_]IH% Sagesruu%{%n%segzodw B?ro&&g ?40
Reed- Solewnied bt Je fQLllZOdSW@rQS Httqalgaverhﬁpatwélv ewthledhm@am m?‘"@m@ab‘ﬂ% © bﬁﬁsbduce

240 engﬁ’&?@séﬁhﬁr@ a 168 td: A s CRHE WY HSwsA 18gidr YO hﬁﬁ)‘@@x@ 84 dadildedtinplidibasn t he
tag to maxim ze resilience to burSt err Assum n

[

bef or e, °f i @& &F desigaedo pel evglaP T BEhYS: 9%89‘25’06'?5[? mgﬁ'ﬁagnod B‘Eogucﬁétﬁ’ﬁ“ﬁ W‘&lf[)?t s 48
of the ta@nbdr wrgde Thigardssdve im0 Thopeaspdcaye tirlas therefere ghidyodegecti@of tha adz, griathes of
t agsygannot S

i1 S B BE G R Ty Sl Al Bl iF BERIG HARHITAR we oot pENe
furt her arld?«Sta@rOg’eleé are not required. Tag i nage processing proceeds as
descri bed above, with the exception that steps 26  and 28 a m tt
Al t hough the t tgowﬁy’e&ﬁwa. cRntaip appriepaion faie ‘Pé‘ﬁ?‘ﬁ?‘é""l"lf“%ﬂ"i‘ 8 °§faﬁ?ﬁr uat i on
of the bAthatifeS6hdlag reldivé BRkeakasanB isafso pbssibl agentibed afidnutont datatite gedsoFpr it i s
al so possi bl e t ed .orientati t he
f our coc‘i’éw@Jc fefe fg'érr?g‘%gorgf Fanged o S‘i‘ﬁ&%%h laé ﬁ}{agaéngbg?&e;ﬁs ogle f%%boé%ﬁ%(c%gh g%ne
codelbr driphtioees shewtih Etgu@odmhee igachtsirehal is pbellot ik thie purptiegyefrite cxlgworgiled) @ndeach

synbol igg phs?tp:ﬁ Io% tﬁ&ﬁ%&l%ﬁdﬂ%e@&@&% (Q—b) '”Ita§ d&@ﬂ?ﬂn@pn‘sﬂs&%} dedétihg chd\@ddaRed ti on

of the s thin the codeword (A ecodi t he onsi sts.of
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that if, § cont ent y one codeword 1S require t hen at
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stroke, only one codeword typically needs to be decoded per frane.
It is possible to dispense with perspective targets aitogether and instead rely on the data

30 representation being self-registering. In this case each bit value (or multi-bit value) is typically represented by
an explicit glyph, i.e. no bit value is represented by the absence of a glyph. This ensures that the data grid is
well-populated, and thus allows the grid to be reliably identified and its perspective distortion detected and
subsequently corrected during data sampling. To allow tag boundaries to be detected, each tag data must
contain a marker pattern, and these must be redundantly encoded to allow reliable detection. The overhead of

35  such marker patterns is similar to the overhead of explicit perspective targets. One such scheme uses dots

positioned a various points relative to grid vertices to represent different glyphs and hence different multi-bit
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" obj ect - i ndihatatthgger regiod, yickitinotique mgiloveicvatithinghe) regiorg $he thg- -lelotatiocatpniofi the @ert is ng
tag ¢ alagéed?o trh gaél 15%&{}4%8 QFI&%%@M‘OB%P&L ?éne\qthtnnhé)ﬂéggh &'lﬁl?mttﬁ'g lsr{@éa t@-ﬁéé}‘ﬁjn@-t ed

with the tag edr S a uni que | ocation wthi he region. The
tag-rel at Ithneloqa@@mﬂﬂ@rpew at“f?éo PpBYT mtgrfaczeleeeaedhft et IFF%*P%O&@SSP%%& Yigrihs '8eiA- el d
the | ocat |I‘Qﬁ‘oﬂ% istRQusi?SRlerivtd didnendifd@r 186'@5681 but BhbcatidnRelitivé @ theSuserSmetfabOelement is
the page. dESUHJrbi~ReStor ReviTlrt s eyl el Ry MO B S ont "

i nt er f ace ofh pankar usérgmérfacd edbemretti f | ed, but a I ocation relative to the user
interface element is identified. Location-indicating tags therefore
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equi val entthejqforalrﬁumﬁlslmm} Obklctl—mdld:aeng agysdo not, therefore, support the capture of an absolute pen

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

30  exceeds twice the encountered tag frequency, the displacement from one sampled pen position to the next
within a stroke can be unambiguously determined. As an alternative, the netpage pen 101 can contain a pair or

motion-sensing accelerometers, as described in our earlier application PCT/AU00/00565.

An embodiment of the present invention, in the form of a pen-like sensing device for coded

electronic ink surfaces will now be described. The sensing device is hereinafter simply referred to as a “pen”.
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provi de a |sp ay in accordance wth their optical anisotropy. Another form
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Colored displays are provided by using electrostatically graded particles of different colors, and more complex

electric field control.

A first embodiment of the present invention will now be described with reference to Figures 7, 8, 9

and 10. The pen, generally designated by reference numeral 101, includes a housing 102 in the form of a

30 plastics molding having walls 103 defining an interior 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 molded 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 (see later). The cover 107 includes a main part 109 which substantially surrounds the end 108 of

35  the housing 102 and a projecting portion 110 which projects back from the main part 109 and fits within a
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slot within t | 1 8 f the cambarrel. Camfollowers 127 and 128
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On rotation of ke CaM.DaRLR11den, the slider blocks 123 or 124 nove
relative to each other to project either the pen nib 119 or stylus nib 121
out Rorough t heshelier hRérttidel Renipetoak: @ 1Ri12e8s 4w, The pen 101 has three
states of operation. By turning the top 105 through 90 steps, the three
states are: (1)A Stopld fiex A 129 B nbddtedonit an e{e2yonics Ehasar1Bo wtligie sits W8thinithe hbdshgout .
20 (3) iL,ther in ' j t .Sty i t. A
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25  frequency chip 133, which includes a RF transmitter and RF receiver, and a controller chip 134 for coﬁtrolling

=

operation of the pen 101. An optics block 135 (formed from molded 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 terminal 138 connects to the battery contacts 137 and the cam barrel 125. A three
30  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 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

35  stylus nib 121. The IR photodiode 144 detects light from the IR LED 143 via reflectors (not shown) mounted



onto location tags printed in infrared ink (see later). An inmage sensor 132
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controller chip 134 for controlling operation of the pen 101. An optics
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i mage sensor 132. Power supply wires 136 connect the conponents on the
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capturing a signature. The sequence of captured strokes will be referred to hereinafter as “digital ink™. Digital
30 ink can be used with a computing system to form the basis for the digital exchange of drawings and

handwriting, for on-line recognition of handwriting, and for on-line verification of signatures.

Utilizing the RF chip 133 and antenna 112 the pen 101 can transmit the digital ink data (which is

encrypted for security and packaged for efficient transmission) to the computing system.

When the pen is in range of a receiver, the digital ink data is transmitted as it is formed. When the

35 pen 101 moves out of range, digital ink data is buffered within the pen 101 (the pen 101 circuitry includes a



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 al so instruct the
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The electric field generator may be located at one longitudinal end of the pen and may be arranged
30 to have two operational modes, i.e. one mode to change the state of the electronic ink to a first state (i.e.
“marked”), and a second mode of the electric field generator serves for example to change the state of the

electronic ink to a second state (i.e. “blank” or “erased”).

The electric field generator may include one or more electrodes, of the same or opposite polarities.
In one configuration, shown in Figure 13, an electrode 500 within the pen interacts with a conductive layer

35 502 of the surface medium 504 to produce an electric field 506 oriented substantially at right angles to the



ink printed on the surface. The enabl enent and di sabl ement nmarkers may be
incorporated into the |ocation tags as a series of bits, with the bits
representing a nmap of the area occupied by the tag and each bit indicating
whet her Ve 0B41883 or sub-area is available for nodificati 8aT&AU0NO1286
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otodiode 144 to a digital signal.

An image sensor interface 152 interfaces with the image sensor 132. A transceiver controller 153
and base band circuit 154 are also included to interface with the RF chip 133 which includes an RF circuit 155

and RF resonators and inductors 156 connected to the antenna 112.

The controlling processor 145 captures and decodes location data from tags from the surface via
30 the image sensor 132, monitors the force sensor 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.

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



20 shows representations of the RF chip 133, the image sensor 132, the
tri-color status LED 116, the IR illumnation LED 131, the IR force sensor
LED 143, and the force sensor photodi ode 144. The pen controller chip 134
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25  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. just under 20°for the
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

30  power and uniformity.

The IR LED 131 is strobed in synchrony with frame capture. The use of focussed illumination
allows both a short exposure time and a small aperture. The short exposure time prevents motion blur, thus
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 for this

35  purpose.
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series of strokes. A stroke consists of a
Figure 11 is a diagram illustrating location tag and stroke processing in the pen 101. When the pen

101 is in the pen-up state, the pen controller 134 continuously monitors the force sensor photodiode 144 for a
pen-down condition (step 164). While the pen is in a pen-down state, the pen controller 134 continuously
30 captures 165, 166 and decodes 167 tag data from location tags from the surface, infers the pen 101 position
and orientation relative to the surface, 168 and appends the position data to the current stroke data (including
the tag data and other information such as force, if it is being continuously monitored). On a pen-up event the
pen controller 134 encrypts 170 the stroke data and transmits 171 the stroke data via the RF chip 133 and
antenna 112, to the computing system. Note that the pen samples the nib force 172 in order to determine

35  whether the stroke has been completed 173 and also to determine whether a new stroke is being started 174.



sequence of tinme-stanped pen positions on the surface, initiated by a
pen-down event and conpleted by the 20 subsequent pen-up event. A stroke
is also tagged with the region id of the surface whenever the region id
changeswo or4109ust at the start of the stroke under nornecTiUsOIMES ances.
As di scussed above, each location tag includes data indicative of its
position on the surface and al so region data indicative of the region of
the surface within which the tag lies,_ The pen al so senses and decodes any
mar kers whi ch may be present on the su?% ace and in response 25 to sensing
t he makers causges the el ectr fiel ' t he
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pen 101 positions, and may be constant for the entire stroke if the stroke is short.

Since the pen 101 samples its positions and orientation at 100 Hz, pen 101 positions in a stroke are

30 implicitly clocked at 100 Hz and do not need an explicit timestamp. If the pen 101 fails to compute a pen 101
position, e.g. because it fails to decode a tag, it must still record a pen 101 position to preserve the implicit
clocking. It therefore records the position as unknown, 179 allowing the computing system to later interpolate

the position from adjacent samples if necessary.

Since the 32-bit time offset of a stroke has a finite range (i.e. 49.7 days), the pen 101 optionally

35 records an absolute time 176 for a stroke. This becomes the absolute time relative to which later strokes’ time



stylus nib 121 or ink cartridge nib 119, is presently being used. The
conputing systemcan vary its operation depending upon which nib is being
used. For exanple, if the ink cartridge nib 119 is being used the conmputing
20 syst oMOOHY1082f er produci ng feedback out put because | mpedvatm/oimsedback is
provi ded by the ink markings nade on the surface. Were the stylus nib 121
is being used, the conputing system may produce i nmedi ate feedback out put.
At the start of a stroke the pen contrg%ler 134 records the el apsed tine
since the |last absolute tine notified To the system For each pen 101

posi ti onygdid are BaskBe Stroke the controller 134 records the x and y 25
offset of the pen nib 119, 121 fromthe current tag, the x, y and z
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a maxi muehatnesseni 5% binstokreaonsugts @%Oﬂ@psocesmd%ﬁm | ne continuous digital
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Edition, WIley t he di sclosure of which is incorporated herein by
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co I’ngé ! nigdig ive o? I’EIC ?a)é(%yrll)a € penan Icag q\erli d\égtlf)]: \gﬁemer the tag represents an object of interest rather

than a position on the surface. For example, if the tag represents an object and corresponds to a user interface

input element (e.g. a command button), then the tag can directly identify the input element.

A suitable separate movement sensing means for use with the alternative embodiments inciudes a
pair of orthogonal accelerometers 190 mounted in a plane normal to the pen 101 axis. The accelerometers 190

30  are shown in Figures 10 and 9 in ghost outline.

The provision of the accelerometers enables this embodiment of the pen 101 to sense motion

without reference to surface tags, allowing the tags to be sampled at a lower rate.

The acceleration measured by the accelerometers in each of the X and Y directions is integrated

with respect to time to produce an instantaneous velocity and position.



this purpose on a regular basis. Based on a conservative estimte of 50
cycles per encrypted bit, the encryption of a one-second 5500 bit stroke
consunes 0.7% of the processor's 45 tine. In a first alternative

enbodi mdY@ 01/41883 coded data is indicative of an identity waoreAvoo®izdata 20
identifying the substrate. This enables the pen 101 to identify the
substrate, such as whether the substrate is a particular type of docunent
or whether the substrate forns part ofzgnother object. O course, since
with this enbodi nent the tags are indi“Cative of the characteristics of the
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to the pen 101 axis. The accelgroneters 19 shown in Figures 10 and
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enbodi meabvepknt Fd@ivgen sitfdde. t 0 sense notion w thout reference to surface
tags, allowng the tags to be sanpled at a | ower rate. The accel eration
meas UPed by t h&@hapresehtanvention bas dednidesorbisth wish referpace)o aprdfetyedgimbediméntng njugber of

i nt egr at gdcifaMikhadve SRRRImeh® HowbRr, §tQrilPb H@ﬁat&n)yl tht3d i@ HaRUSIeva Rk thi .and
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alternative notion 5 sensing neans nay be provided. Such neans incl ude
notion sensing neans whi ch includes an optical sensor which cooperates
with the surface to generate signals indicative of novenent of the optica
sensor relative to the surface, notion sensing neans which includes at

| east two contacts arranged to contact the surface and sense novenent in
two orthogonal directions, or any other suitable notion sensing neans for
sensing novenent relative to a surface. 10 The present invention has been
described with reference to a preferred enbodi nent and nunber of specific
alternative enbodi nrents. However, it will be appreciated by those skilled
in the relevant fields that a nunber of other enbodinents, differing from
t hose specifically described, wll also fall within the spirit and scope
of the present invention. Accordingly, it wll be understood that the
invention is not intended to be Ilimted to the specific enbodi nents
described in the present specification, including docunents incorporated
15 by cross-reference as appropriate. The scope of the invention is only
limted by the attached clainms. WO 01/41003 PCT/ AUOCO 01286



-25 CLAIM5 1. A sensing device for use wth a surface having coded data
and el ectronic ink disposed on the surface, the coded data being
indicative of an identity of a region associated with the surface,
sensi ng WV i ncl uding: 5 a region identity generat or PEGHUO &’ﬁ’r’éﬁl to
generate region identity data indicative of the identity of the region
using the coded data; and a transmtter configured to transmt the region
identity data to a conputer system 2_o#.sensing device as clainmed in claim
1, further including a notion sensor configured to generate novenent data
i ndi cative of novenent of the sensing device relative to the region. 10 3.
A sensing device as clained in clai mCREAIM®erein the notion sensor is
configured to geneA@én@mg &ebi@e M@Wﬁlm suﬁf&ieaa\hlr@cﬂd}dtih@anﬁ@H@ldmdﬁxkalspoged of\the
sensing device as cl aine in the cog dtl S | ndi cative
of a pl uFdiPtye gited faky 'éer‘"érl‘&‘gca‘bv&oﬁta% ‘dS‘Pm’E ?\ F%‘&ri‘ o] W a0 T 1 01 SSrﬁaC%er?sSS?smﬁel ng
conf i gurdeslicd iaclgidizer at e t he novenent data as the sensing device noves
relative to at | east one of the reference points. 15 5. A sensing device as
clai nf®d in cl ai reei8n idphier gshanaterivenfigrdd i adeerae fegied Yendly dateindiselive obheemitysef  t he
noti on sgnSA6y Rk Y SRMidgiaed to generate the novenent data as the sensing
device noves relative to at |east one of the periodic elenents. 6. A
sensi ng devi cea @msifik@icoftigurédto Ghnshimhd regioh BE@itytataliea dmbit@Rys@@NSOr i S
configured to sanple the position of the sensing device relative to the at
| east one ref e2.enca spoinpiigvic he claioyd iroclgsnie futhe itdhdingevetremtensop Gonflatred o7, A

sensi ng géfété: r%m%%erﬁ hzﬁtl qﬁgatlllcrbf ﬁll)@e'nig}lt%f th%ﬁ&r@g‘ d@vnéehaatn/p Io' tlQ:Qeg?cﬁn sor is

confi gur to sa e position of the sensing device relative to the at

l easjpone per i 9d| CA%&@H@&&we 55Qﬁ[n%b¥n d16m G EVARfedH the thd#én scmyﬁﬁ(ﬁﬂﬁmdﬂt) generdte A
sensi ng device as cl ai ned £ claim2, wherein the notion sensor includes at
| east on@e mosmery datg ysing fhe sofeddafas o the accel eration sensor bei ng configured

to sense accel f rat] Or}mgg degnlgee assc apn%self!' nrgcla%g gl wherefiThe cgc?e aafld %dﬂg vg gtvé p ah'?;paf €s

relative to the surface € notion sensor being cont I gure
gener at erefetvece poptseafeiet regiett d]ebsotlp'eﬁqnw ibeing Fapfiguaedpp icprgratetibe meCEERS (dae |ab H’e 9. A

sensi ng dewis G8i@Snobds iR Golafledst é SR retWBRE Bbikts.t he accel eration sensor is
configured to sense at |east two substantially orthogonal conponents of

acceligration. 80 1R senfinS@NBé NlaiHRdIiICHaiRS, Cheddinihelcdder datadicidds, pefiddictelegnts,
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changl ngledmnpc%hqrsrlabqqlmantabl e and deactivatable. WO 01/ 41003
PCT/ AUCO 012866 -26

A sensing device as claimed in claim 4, wherein the motion sensor is configured to sample
the position of the sensing device relative to the at least one reference point, thereby to generate the movement

20 data.

7. A sensing device as claimed in claim 5, wherein the motion sensor is configured to sample
the position of the sensing device relative to the at least one periodic element, thereby to generate the

movement data.

8. A sensing device as claimed in claim 2, wherein the motion sensor includes at least one
25  acceleration sensor, the acceleration sensor being configured to sense acceleration of the sensing device as the
sensing device moves relative to the surface region, the motion sensor being configured to generate the

movement data by periodically sampling the acceleration.

9. A sensing device as claimed in claim 8, wherein the acceleration sensor is configured to

sense at least two substantially orthogonal components of acceleration.

30 10. A sensing device as claimed in claim I, further including a state changing device for

changing the state of the electronic ink.

11. A sensing device as claimed in claim 10, wherein the state changing device is activatable

and deactivatable.



12. A sensing device as clained in claim1l, further including a force
sensor adapted to activate the state changing device when the relative
force between the apparatus and the surface exceeds a predeterm ned val ue.
13. A say@dhgoakvi ce as clainmed in claim1l, further inclradisigomizget ect or
responsive to a marker 5 associated with the surface to enable or disable
the state changing device in response to detection of the marker. 14. A
sensing device as clainmed in claim13, gherein t he coded data includes a
plurality of tags, each tag being i ndftative of an identity of a region

wi thin which the tgg.l e’vic%%%aﬁ%ﬁmléla‘}g 1?},%&&%&?&“ a%&ksgr[s%r adgpRd tdbéct?\?agSi ng

device as claimed in claim ereln the state changi ng device 1 ncludes
an 10 ethectie ¢hafging| ¢vigendemthorrelatvg, fore dapvsson the derarates ad et airfesd Siceede l2ai m
10, whergiddetdifedstiad € changing device includes a first state changing
device for changing the state of the electronic ink to a first state and a
second st at e clanghnRgsinglévicE® clatiied ahaddig il NJurthbrénchidak @ daéctdr Repoadiead § k& | nk
to a §ecgpogiat%é %’EIE 'thelsZr'facA osee nb%tle Qrgdiga l\éltlg:eesta?sch(él ?‘r{ nzl%glcel 1n rc(e:sI g‘rlse 01 et ct%%'%%! n the
apparat us 1's el'ongat’e, YReTTF STUSPACS 4B C?Far%gl ng device I's |spose5

adj acentmakefj rst | ongi tudi nal end of the apparatus and the second state
changing device is disposed adjacent a second opposite | ongitudi nal end of
t he appar at us. 1418. AAensiahdsvipgpsglaiped & clpdm L3, aihereig the foded dtaipdudesgpiprdityoftage
coded dadaéh thgteing A% ative pil add id@htitg O a@dgich &@Bin whicubétal BG, @ e0QYtap MEludinpd iekenf an
identity of a region within which the tag Iies, and each tag being

i ndicative of . rafsesegdeicpes nhimed it dl@mrl@gwignin thhetate glynging Beicadgneligsceoi at ed
wi t hqghe,s ircfﬁtﬁggene%g the reference point being 20 indicative of the
position of thetag relative to the region. 19. A sensing device as cl ai ned

in claim5, whgy ei R s¢nbigy &0des Hdhead ih AGilUBESherinthd/iAd dhbdbinRldetiRGfIundes@dEh t ag

being indicative of an (dentity of region within which the tag lies, and
each t ad‘ﬁt%@f“lﬁa’ﬁ r‘?&““ét%rlc wepe R gate |8E$F 8‘8‘"1'%8“% rﬂgﬁ%ﬁ ISt Shy an a§§F§‘Edeﬁ‘ﬁg°r Gpneing
capt ur i n@gvicenfootharging o stap pf thesdbcanietian d secadiseltesyst em i ncl udi ng a sensi ng
device 25 as clained in claim1, and a surface having electronic ink
associ at ed w tH.t hé seging davise andhingide dlagnit whaen teiapnaeaths o dldngatd hedigt ftae e,
21. 15 SYRhBM: ASvic!iPdispesdd hdjacth @i i ZfginARIR BF BAdpParsthdl @ & sec_sndpsga@vahﬂgﬂlgw th
electronic ink and _color visible ink which is not electronic ink. 22. A
subst r at%viFg dispoeed afitcnt 3 s oppagitedenpitedinalind of B 4pRIRYSy ¢l aim 1, the
substrate incl ydi ngs% in3&)‘,.surf cedha\{i.ng eA ect, O%idéﬁ j n@ncﬂlgcs%c' agi?d fV\,i th the
surface and coded d8TA"SSEECI ST W TR T ne B FECe™ PhéCoddd " dat®A "Bei ng
i ndi cat ieach tegf bemg indggive pltap idghtitpofacgicorvithio sdich tt &d ligw 4nd edch tig Seind indi@tive of a
reference point of the region, the region being associated with the surface, and the reference point being

20 indicative of the position of the tag relative to the region.

19. A sensing device as claimed in claim 5, wherein the coded data includes a plurality of tags,
each tag being indicative of an identity of a region within which the tag lies, and each tag including at least one

periodic element.

20. A system for capturing information applied freehand, said system including a sensing device
25 as claimed in claim 1, and a surface having electronic ink associated with the surface and coded data

associated with the surface.

21. A system as claimed in claim 20, wherein said surface is provided with electronic ink and

color visible ink which is not electronic ink.

22. A substrate for use with a sensing device as claimed in claim 1, the substrate including a
30  surface having electronic ink associated with the surface and coded data associated with the surface, the coded

data being indicative of an identity of a region associated with the surface.



