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BACKGROUND
Systems have been described wherein pen- or stylus-like devices sense their own movement

relative to a surface, for the purposes of providing input to a computer system, by detecting information
which is invisibly but machine-readably encoded on the surface. See for example US Patent 5,477,012,
US Patent 5,652,412 and PCT application W099/50787. Visible information intended for human
consumption may also be placed on the surface, although typically in a separate step which therefore may
include recording an association between the two kinds of information, The encoded information doesn’t
include knowledge of the content of the visible information, and any content-specific feedback provided
to a user during the user’s interaction with the encoded information must be provided on the basis of the
recorded association. If the recorded association is remote or unavailable, timely feedback may be

impossible to provide.



recorded association. If the recorded association is renote or unavail able,
tinely feedback may be inpossible to provide. 3 SUVWWARY OF | NVENTI ON
According to a first aspect, the present invention provides a region, of a
surface, having coded data, wherein at |east sonme of the coded data is
indicative of a plurality of |locations of the region and includes first
dat a mde (#at Ieast one functiodal attribute of a part of the
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tactile, vibrabtPyinarde kg agedhdhe mMermamvadpsepydersdering 9evafce1U@r\a@|ay al so,
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Preferably, the sensing device provides at least one indication to a user when it senses data

indicative of a functional attribute of a part of the region.

Preferably, the indication is selected from the group comprising a visual, aural, haptic, tactile,

vibratory and any other human sensory modality.

Preferably also, when the sensing device senses data indicative of a functional attribute of a
part of the region, the sensing device transmits, to a computer system, said sensed data or data based at

least partially on said sensed data.
According to a fourth aspect, the present invention provides a system including:
computer system, and

a sensing device for use with a region having coded data thereon, at least some of the coded
data indicative of a plurality of locations of the region and including first data indicative of at least one

functional attribute of a part of the region, wherein the value of the first data is independent of the



conput er system and a sensing device for use with a regi on having coded
data thereon, at |east sone of the coded data indicative of a plurality of
| ocations of the region and including first data indicative of at |east one
functional attribute of a part of the region, wherein the value of the
first data is |ndependent of the locatiogn of the respective part in the
region, 4 the nsin e%{c%wfor senS|n6 said first data and for

u

transm tt RGO FOrREES ef "&Y8tem said sensed fi rst data or data based

at |east parti altﬂeXenQE'g &%Eéjfmss%ﬂ ggalc{ fi rgt%gt? Qn%tf ’transmﬁtr g t t Q{?mg%tgrngs etng I;al(ls ystem

executes, or conmences executio unction rerat tncti onal
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descri bed, by way of non- limting exanple only, with reference to the
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rel at i onsfhiel trvee br e SRRl EHaR b M £Jon€t Page and its online page
description; Figure 2 is a schematic view of an interaction between a pen

with an attached net page code sensor attachnent, a netpage printer, a
net page pPBREEFDESCRIETIONGFDOVPAGE application server; Figure 3 is a

schematic view F}Efel@edmng Qﬂl!:reéﬁ%bdlﬁénlfswtt%rlﬁvegtﬁonawﬁ)Elbvpi)@gesg}ﬁ)&p%g%vafgpndnt S
online pay tian ure 4a is a plan view show n ructure of a

esc
net page tg‘@tmglff‘aéﬁ eé’glalbw‘h?f%[e ?'ﬁﬁ‘e\?fcéwaé'ﬂ%ﬁfﬂ‘@“ga in whichi j onshl p between a set
of the tags sh Fi d of view of a ne ensi ng
devi ce; Figure ré plsasp ema%c o?a the r%él\(}\lﬂilSIH eeg.laf@} eﬁ?@%“ﬁ?‘ﬁ@?ﬂ? %1?16? a
net page tfﬁgﬂdeﬁrlgtmﬂe 5b is a pI an Vi ew ShOWI ng a rel ationship between a set
of the tags shown in Figure 5a and a field of view of a netpage sensing
devi ce; Fi gure B#rg 58 spiempioyien gl ep Sikasiondsamransy @ p atiethedhamageoode he t ags
shown i n deisgustehbent whepse prina¥,g@ttfagapRe &har ad Jhapieapiatiacent tags; Figure
5d is a plan view showing the interleaving and rotation of the synbols of
the four codewvoguds bh sthbreatit aigw Shohigh-level fugere ef SainteFhaipageeand as dnSinedpagecChenmat i ¢
vi ew show.ng,@,t ag di agonal relationship between a nib and a sensing
device field of view at zero tilt;

Figure 4a is a plan view showing a structure of a netpage tag;

Figure 4b is a plan view showing a relationship between a set of the tags shown in Figure 4a

and a field of view of a netpage sensing device;
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;

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;

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

codewords of the tag shown in Figure 3a;

Figure 6a is a schematic view showing a tag diagonal relationship between a nib and a sensing

device field of view at zero tilt;

Figure 6b is a schematic view showing a tag diagonal relationship between a nib and a sensing

device field of view at maximum tilt;

Figure 6¢ is a schematic view showing a tag off-diagonal relationship between a nib and a

sensing device field of view at zero tilt;



Figure 6b is a schematic view showing a tag di agonal rel ationship between a
nib and a sensing device field of viewat maximumtilt; Figure 6¢c is a
schematic view showing a tag of f-diagonal relationship between a nib and a
sensing device field of viewat zero tilt; 5 Figure 6d is a schematic view
showi ng a tag of f-di agonal reI at| onshi p between a nib and a sensi ng device
field of view at, nm ure6 i,C view show a tag
parallel relati lt*(“)ﬁ §A 15 a schematlc VICW megfr‘]a ) oifedﬁa ?nﬁgrega nship Iéet‘#eeré?g &FCP%I ew at
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functi onadeviat fudd diviewraerodnd Figure 7b is a schematic view showi ng a set of
subregi ons covered by a functional area bitmp. DETAILED DESCRI PTI ON OF
PREFERRED AND OTi#ER EVBCRnvENAS shiNoihea tap/banyllet idiMion shipebetweackaritisnd aQénsing

Sil verbro&klcm%‘pa d’;MIHJUFDqIﬂt Australia. In the preferred enbodi nent, the
invention is configured to work with the netpage networked conputer

system a sumefiyurdfa ivikiehaticS il sHifngdel Q. AntheRd 861 hdisd: fa3fhiPidon of
which is given in our co-pending applications, including in particular

appl i cat i Bgnse BGTd BB OB GRowingrRAGd oAEXE O 96idied bRl QBRAP. and

PCT/ AUOQ' 00578. It will be appreciated that not every inplenmentation wll
necessarily enbody all or even nost of the specific details and extensions
descri bedPEFPAILER DESGRHTIQON OFOIREFERREPAND O DHER EMBOPIMENITE system However,
the systemis d¥serNdoga™iigh traiGnaiog Silemigpk Réseardh@hymid, AudSEd. St i n

under standi ng the context in which the preferred enbodi nents and aspects of
t he present i nvbrthd poeferred pmbadivent, hainkniiefis eoigwed yo wirkeitiphedegugeadwbiedn of t he
net page syshRNsRERl QM%@WH{ i€ BivdnHeit bRCAIclaled dEJEIthIOIQ%Nh%B 1&1@??91%‘39

surface, that is, ysical surface which contains references to a map of
the surf aC@dpg; el é‘f?"f?@%l incipdine i RRytigulF a@?&’“ﬁ‘é‘fﬁ PCYEURRA5S of BTTENEWLANn be
queri ed DBCTAU@OPIO pind RCE/ADBOSISNY Td @il b'beappre%ﬁemﬁilrﬂ@e%@oiﬂlptehaq_tﬁlﬁe&ﬁlf| c
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and defined 1 n” suc

an unarrbi iy Erbgen tedly bews é@t@hd@we‘ff@tﬂw Swiﬂtnhls ﬁeSFI‘rliied frelp @momﬂﬂ@m tf fsegt ént  maps.
The conpuih@istHYigd 88 6@kt GORL Me 'pﬂf‘eQchraﬁﬂo@iﬂleﬁp%taspef:@ F HE SResD invdiGorTBPPEd
surface, and such information can be retrieved based on map references

suppl i ed”® H?t ‘a sensi ng deV| ce used with the mapped surface. The information
thus retrieved ke relnltlatec t he
conputer syst emﬁlgrjﬁwf‘tn lﬁmﬂ q‘:hmd 8‘)”&0@&3 perg: aﬁe si\ye}%"b%'?\psoevs SR ‘88’3?‘35?/“0

i nt er act iteforw af B mpgped g](fpcfeahaé isf g@yagalesgrface 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 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, 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



In its preferred form the netpage systemrelies on the production of, and
human i nteraction wth, netpages. These are pages of text, graphics and
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timeliness and interactivity of an interactive medium.

As shown in Figure 2, the netpage pen 101 interacts with the coded data on a printed netpage
1 and 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 appropriate
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 used in conjunction with high-speed microelectromechanical system (MEMS) based inkjet
(Memjet™) printers, for example as described in our co-pending application PCT/AU00/00578 (docket
no. 1J52). In the preferred form of this technology, relatively high-speed and high-quality printing is made
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previously registered signature, allowing it to authenticate the user’s identity to an e-commerce server.
Other biometrics can also be used to verify identity. A version of the 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 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 relationship between objects, i.e. between instances of classes. A generalization relates
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Tags are printed in infrared-absorptive ink on any substrate which is infrared-reflective, such
as ordinary paper. Near-infrared wavelengths are invisible to the human eye but are easily sensed by a

solid-state image sensor with an appropriate filter.

A 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 make them partially tolerant to surface damage.
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Each tag contains typically contains 16 bits of tag ID, at least 90 bits of region ID, and a number of flag
bits. Assuming 2 maximum tag density of 64 per square inch, a 16-bit tag 1D} supports a region size of up
to 1024 square inches. Larger regions can be mapped continuously without increasing the tag ID
precision simply by using abutting regions and maps. The distinction between a region ID and a tag ID is
mostly one of convenience. For most purposes the concatenation of the two can be considered as a
globally unique tag ID. Conversely, it may also be convenient to introduce structure into the tag ID, for
example to define the x and y coordinates of the tag. A 90-bit region ID allows 2% (~10 or a thousand
trillion trillion) different regions to be uniquely identified. Tags may also contain type information, and a
region may be tagged with a mixture of tag types. For example, a region may be tagged with one set of

tags encoding x coordinates and another set, 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
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must be able to see at least one entire tag in its field of v1ew no matter where in the reglon or at what

orientation it is positioned. The required diameter of the field of view of the sensing device is therefore a
function of the size and spacing of the tags. Assuming a circular tag shape, the minimum diameter of the
sensor field of view 193 is obtained when the tags are tiled on a equilateral triangular grid, as shown in

Figure 4b.

The tag image processing and decoding performed by a sensing device such as the netpage
pen is shown in Figure 6. While a captured image is being acquired from the image sensor, the dynamic
range of the image is determined (at 20). The center of the range is then chosen as the binary threshold
for the image 21. The image is then thresholded and segmented into connected pixel regions (i.e. shapes
23} (at 22). Shapes which are too small to represent tag target structures are discarded. The size and

centroid of each shape is also computed.
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asters he51s Dept of EECS, U. of Californfa at Berkeley, Technical Report No. UCB/CSD §9/516,

June 1989, the contents of which are herein incorporated by cross-reference).

The inferred tag-space to image-space perspective transform is used to project (at 36) each
known data bit position in tag space into image space where the real-valued position is used to bilinearly
interpolate (at 36) the four relevant adjacent pixels in the input image. The previously computed image

threshold 21 is used to threshold the result to produce the final bit value 37.

Once all 360 data bits 37 have been obtained in this way, each of the six 60-bit Reed-Solomon
codewords is decoded {at 38) to yield 20 decoded bits 39, or 120 decoded bits in total. Note that the
codeword symbols are sampled in codeword order, so that codewords are implicitly de-interleaved during

the sampling process.

The ring target 15 is only sought in a subarea of the image whose relationship to the image



t oget her provide a useful approximtion of the perspective transform The

axis target structure 16 is the next to be located (at 28). Matching

proceeds by applying the ring's normalizations to each shape's nonents,

and rotation-normalizing the resulting nonents. Once its second-order
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of the tag, so farther targets are not required. Tag image processing proceeds as described above, with the

exception that steps 26 and 28 are omitted.

Although the tag may contain an orientation feature to allow disambiguation of the four
possible orientations of the tag relative to the sensor, it is also possible to embed orientation data in the
tag data. For example, the four codewords can be arranged so that each tag orientation contains one
codeword placed at that orientation, as shown in Figure 5d, where each symbol is labelled with the
number of its codeword (1-4) and the position of the symbol within the codeword (A-O). Tag decoding
then consists of decoding one codeword at 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
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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
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data content of §AtE/PCalE "eEfetigrye iMhich ais Faglation H‘E?ngtthe (itgspap. It may, for

example, encoded cartesian coordinates or polar coordinates, depending on the surface type on which it

appears. The tag 1D structure is dictated by and known to the tag map, and tag IDs associated with

different tag maps may therefore have different structures.

Two distinct surface coding schemes are of interest, both of which use the tag structure
described earlier in this section. The preferred coding scheme uses “location-indicating™ tags as already

discussed. An alternative coding scheme uses “object-indicating” (or “function-indicating”) tags.

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

used to determine the location of the pen relative to a user interface element in the page description
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hyperlink succeeded, even if the user is operating offline. The page server which eventually processes the
corresponding digital ink input can know that the user received affirmative feedback at the time the click
was captured, and can thus ensure that the click succeeds even if a hit test between the click and a precise
definition of the hyperlink’s zone would otherwise fail. The page server can deduce from the digital ink
position samples, with reference to the page description, what feedback the user would have received.
Alternatively, each position sample can include the corresponding “active area” bit value actually

encountered,

A click in or other inferaction with an “active area” can also signal a mobile sensing device
and/or base station to connect to the network to allow the click or interaction to be handled in a timely

fashion.

A tag may also contain one or more “signature area” bits, indicating that a particular subregion in the



A location-indicating tag contains a tag | D which, when translated through
the tag map associated with the tagged region, yields a unique tag

| ocation within the region. The tag-relative |ocation of the pen is added
to this tag location to yield the location of the pen within the region.
This in turnis wused to determ ne the I cation of the pen relative to a

user |nterface ment.in t tion 1 4 associa with the
regi on. NOt 6 oif"?he a8 IS e 18 3 “’ ff'tgeids%ﬁ g ?evfcf §a§Ipf°Vid8§ﬁ‘[bF%i“éta‘f Hut a
| ocati on ff@lbatﬂlum@atmg@ %@@tm@«ra LﬁDewﬁeaqya thd emBgtdeti® it peitibnefi iireg subregion
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absol ut e pen pat in the zone of @al’tl cul ar user interface
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t he zone e us erface el enen n HEE B! enent |
maki ng t hégmetage | via ¢ dering digld mgvabetatiog ef @rsmnatlndlﬁsltil ﬁgmesdnabb @nclusion of fake

Qbj ect - i ndiggaatré 06 HAOS u@qagag%a dlahi8l RO bid u@@%&a& ?g%ﬁ&uwmgfs stefi
absol ute at h. The%%%eo however, support the capfture of a reﬁ’ ati1ve pen

path. So %’ﬁ T8 PR 2 JH5ee RS e HisH F‘i‘f@esﬁ‘f‘f“éq‘ii‘@hwlt‘%‘k%@@ﬂ ddeqliyj ipchdesyfbe
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alternativ net pa contarn a pair or

accel er orfigngre, whas déﬁé@ié lb@denfwwaéqd te g pelivaion guyvap pvtlltfaitqaéwe@@wemwm 00565
An enbodi mentitynf usfeh@enﬂt&Qﬁ@@ﬁerdﬂﬁ@@ﬁ‘dﬁd&@[@aﬂr@oﬁf&ﬁ g of tags which encode
functional attributes, will now be described. A tag may contain flags
which rel ate to“sngwmreegen oﬂaedaakaam@blesecanso ﬂaé)plfoh&edtlilg}e ab3a@e OF fubdio®] irkag bits

may, for i I I I & Q. RE vi de feeclj ack

i ndi cati vbg&(%?ggh&?uﬁ%e?%gr?lbg“s%%%esdsp%w\%? he%}etﬁ?’?g I g %ag%?eé%'pui‘n t he tag,

wi t hout the Sen‘ﬁdg@@pgﬁly%fv@ araﬁfﬁbt%f a ke rﬁl@iﬁn@t@mtﬂéfﬁn?ﬁ%ﬁﬂapéréagﬂu& s 11§ region.
A tag nay contain one Qr "active area" bi ts indicating t {hat a

parti cul aF%H0FEHNETTRH 4 ‘ﬁ‘v’é esol}‘f“t“i ey thgrefgre oHhs ides] g ayerpiertibis 2 pyspher afflasy
hyper | i nkit§ gitdha @agcah h@deﬂm&l td deﬁfung :l'llﬂrtlcﬁhttﬂiﬂcﬁiona]bﬂ:ﬁ Wit edchl ﬂ;@i bglddirﬁ‘:sp'b)ld]@r ot her
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e.g. by act v enever sensi
pOSi ti one‘d”?SPPnéS T9mlt?rsezjlabngae@moesmhmnmymtd@gauqmrom dbd mbregigettyplblty. fulfhe

sensi ng dﬁth@ﬁe&ﬁ%e@d’go%l tﬁla@arfy%ﬁl;r@%rn of" ﬁn@ﬁ#@@&lﬁhe% Baﬁclﬂﬁ@fn aGlrdcGdes okl t he
subregion, to |nogdcate that the click was in an "active" subregl on. This

can provi’ S REARFTHREP GOF & ™y He? tRUBF 8 fiAfed itk p pyksubiseiops. ARjmaR ofinpts is

succeededsquagaden if the user is operating offline. The page server which
eventual |y processes the corresponding digital ink input can know that the
user received afteifekaf vigeofteesdizme Kevige istdasgntd spahat iheonpletecde is gvasntesd ot er ed, and

can thus cﬁﬂlﬁbﬂ’ £ aﬁ}hﬁrtsltl(gm acsju}f&:g sﬁﬂj&gﬁﬁ)dt% tl%vaﬁgwédfultq'a@k bf thgéﬁsng%te%&e@het he
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@é Flef

fail. The*fs "B e e ¥ oAU g Huperpor, e feld o vicw 5

designed to guarantee that more than one complete tag is imaged at any particular position, Since the nib
of the pen is offset from the optical axis by at least the diameter of a tag, i.e. to prevent it from obscuring

the tag, it is possible for its position to lie outside the only complete tag imaged.

As a consequence of the nib being offset from the center of the field of view, any functional

area bitmap within a tag must actually cover an area larger than the area of the tag.

If the nib offset is given by S and the pen tilt by T, then the offset when the pen is tilted is
given by:

S’=S/cos i

As the tilt increases so does the nib offset, and with a maximum pitch-induced tilt of 48



position sanples, with reference to the page description, what feedback the
user woul d have received. Alternatively, each position sanple can include
the corresponding "active area" bit value actually encountered. Aclick in
or other interaction with an "active area” can al so signal a nobile sensing
device and/or base station to connect % the network to allow the click or

t t to b dl ed | t
or more * SPHAr RS A e B ufd e PR A REDosE) g B 4P L Fegton i

the 1 5 vlpycl nity of the tag is in the zone of a signature field. The

sen5| ng device can I‘OVI de feedback to the user, e.g. by illumnating a
"signature area® 132 whenever the sensing device is positioned in a

subr egi on corres onding to a particul ar set bit. This can provide feedback
to the user thaf t§%?jﬁ‘gefeﬂfsé‘ﬁngthﬁﬁd\/ﬁff%lsysmlb'ﬁzﬁ%léé‘dEEﬂ“e‘doﬁfrtagH@mgtﬁfstem on
t hi s basi tb¢n thedhmxinm@mibl offzet Baprexinesgogi at e t he feedback with a genuine
signature field, and thereby learns to mstrust a field purporting to be a
signature fiel dSbuik/dhich fails to generate the proper feedback W t hout
such feedback a "Trojan horse"” can be used to steal a user's signature via
a drawing fi el dBwaseLER gurmRjongheamaingmamube of gl (o tawbiseiensbypannechiey thaic| usi on
of fake C(embignat ﬂél@otaﬁieﬁua(lbOb] zIn& the Hleﬂ%eEﬁ%ed%gf cohsildr A IBusfatr Slobnents BERDI t S are
aut omat i callmlel_ytog1 Vec¥r eh Pé sttem However, to prevent a forged page
bei ng used" successtul iy ™ Cécﬁ’s%‘e 5%BH- sanpl e i deal I'y i ncl udes the

cor respondi ng mw@%%&h@%ee,sswnay%}aeo EhRALYRREOUN ELaHopd e, PAOE
server receives unexpected nature are 151 can Feport the
forgery, TEMeFHPe &5 St Risfrtive tagarioh cenainstiied OVimenier, iaghogn gﬁeﬁrﬁmlarﬁewﬂh@l thjelat ur e,
whose di gduﬂiaé Ot}ﬁkreleﬁmﬂ@gé@fe sﬁmwqued Wi o AREY. Tkeaid RAtANY WoWn asRUiled S

i nst ead useI asi.s user tEntl tééand G[% nerating a

digital sighatt glagea”bsl PHRS ’5’8) tll %’E Ceme'y ﬁ’é‘fﬂﬂ?’%"“&ﬁ GIamg Meh Y8 cour se
al so be pr é%rdeﬁdifwsnatmhelavalblsenkt.eheaéntefrmmmb bepavation drag givenbibbe. Heloudederiin t he
tags, al ba‘l?vl/atys s\%\tlﬂng'bgsﬂ;oﬁ (vhxl:l'ﬁ]nzgxﬂﬁyes th\s. hﬂﬂe%f %Qs S%JQ’&G %ﬂe%er{?&{r to—ﬁ@ve@t‘&g 'ﬁe fini ng

description. Tags t have a di anet er imeters.

f uncti ondf® ‘&P‘V@&%thf(%%@fﬁ ‘Ségo“&‘d‘t‘tfl@‘i‘-:’r subfegiops: and signature areas) at tag

resol uti on may fore noh i, deal %’o overcome thjs, a nunber of flag
bits within a tY4Tcoeope-orah ek sty Tl the e tRUReR S % FFRCE Bhal
area, W tilusedghn ﬂgazg 6hi the W figsas p eagdiiaggnallit @ljagens whhegii@nagd. Whth te ‘¢trC1ls ai ty of
the tag. rﬁxﬁﬂugﬂﬁt &Ef 1lh§H§tQi &lF%grel%'bttﬁe ﬁ@ﬂes%? % er%lagdnglgpa% )Q%Pt%e B%E Zat I on
corresponds to the spatial organization o 0 reglons
The subr &G BHEMP SFpr#iRn Ingregsed r?%'/dly Vith t| "‘thH‘eth%ﬁi?éaf L:328 Q‘hecrt:%@ onlg dﬂ‘tflhahe @y

subr egi onvhth litshewadnare dfivetdg@nd thdaLia Rhidiethe A6 LA nbtRntd: IS o ERbueRIL A

Assum ng ?'owsdlélgdflltvrlna?nvggc ILB ctor of n, i.e. a square tag is tiled with n by n
subreglod) a b F Y N% bits is required The field of view of the
sensi ng deV' Ce Yyfen ﬁ'esc'elgg}qgnﬁgectopg dbggn?ﬂh}t%‘gqe ta%? %H?hagdtle Cier%(t)lttl It

captur ed at an position on SUI’
range of # H@sn@éﬁ@l Fh%lrecﬁg,ﬁutlgb llBFhTea tag beyond a tag diagonally adJacent to the active tag. When

the pen is at maximum tilt, as illustrated in Figure 6d, the nib lies in the same tag, but in a different

subregion.

When the center-to-nib vector is arranged parallel to the tags and the pen is at zero tilt, as
illustrated in Figure 6e, the nib lies in a tag two tags beyond the active tag. When the pen is at maximum
tiit, as illustrated in Figure 6f, the nib lies in a tag three tags beyond the active tag. In this case, however,
the tag adjacent to the active tag provides an alternative active tag, as illustrated in both Figure 6e and

Figure 6f.

Figure 7a shows the consequent extent of a functional area bitmap when there is one
subregion per tag. It has a storage requirement of 25 bits. Figure 7b shows the extent of a functional area

bitmap when there are four subregions per tag. It has a storage requirement of 96 bits.



center of the field of viewtherefore lies inside a conplete tag.
Furthernore, the field of viewis not designed to guarantee that nore than
one conplete tag is inmaged at any particular position. Since the nib of
the pen is offset fromthe optical axis by at |east the dianeter of a tag,
i.e. to prevent it fromobscurlng thet g, it is possible for its position

to lie outside e only. co ete conseguence of the nib
bei ng of fset f rh’rﬁelfeﬁaé SIRE & g? mé‘ff””tc'iluoé'%fafeg?’g“a(gfdo??l" t&}aveéﬁvp‘?ﬁ?f@ts? EHEr O 4 ea
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view (FOV) and the nib can be anal yzed by consi deri ngb vari ous arrangerrents
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filled cir diagranms Illustrating zero til e center-to-nib
separ at i (ﬂFeP%th%qﬁtéla%'aﬁ‘é“%setlﬂ@"cllé?jtfsﬁFsd?FéeP%F while in diagrams illustrating

maxi mumtilt, Igedbc% Ler- t rtu b seF t| on is a ven above. The FOV
center is alwaly&d® PRUACHIELTEE BT ST gﬁ“ﬁ?ﬁ)??drﬁ%'@ére?rﬁ% PR g tags
spanned By ptdvdedcierthepen boedwnbnigetiarin thfpee desaiptipmpratided ty thh gagnisdovel foale | S
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di agonally to the tags and enis at zero tilt, as illustrated in

Fi gure 6 I’E‘%éhaﬁiﬂlﬁ a‘ll‘ia’é%gePFPOECOP%.@“@P%%HHISW“%F%EW to the actl ve tag.
When the pen is_at ustrated in Figure the nib lies

max
in a further di E@ﬁﬁmtw’ﬁ'ﬁo‘é%?ntiee‘l geé‘?“bgegﬁlhge PR CRIREEH- "‘H‘i“‘ﬁ‘ &bar ati on
I ncr easeswumbgiofl kpecifis tlieraiiVetemivbdihatst Heweserz @ wilf bd fyprebiekd bynthve akial onbey

sl ow Yy, rggvaﬁt‘%glds mlaq‘lt}mll)e'r gisotlgpén\ﬂﬁ%w%el&pgl %%'frgﬁ tﬁog& a alfytagsmtj 9 “!ﬂpaly(\ih' ch the
nib |ies does not enter the FOV soon énou VI e an t ernative
active t 5@1 within the spirit and scope of the present mventlon Accordmg y, it will be understood that the

invention is not intended to be limited to the specific embodiments described in the present specification,
including documents incorporated by cross-reference as appropriate. The scope of the invention is only

limited by the attached claims.



When the center-to-nib vector is arranged off-diagonally to the tags and
the penis at zero tilt, as illustrated in Figure 6¢c, the niblies in a
tag beyond a tag diagonally adjacent to the active tag. Wien the pen is at
maximumtilt, as illustrated in Figure 6d, the nib lies in the sanme tag,
but in a different subregion. Wen thelg:ent er-to-nib vector is arranged
paral | el to the tags and the pen is at Zero tilt, as illustrated in Figure
6e, the nk J[ s in atag tw tags beyond the active tag. Wien the pen is
at maxi rrugr ﬁ illustrated in Figure 6f, the nib ties in a tag three
tags beyohd th’éreéi?t‘ Yyme £ofgd dafarfhereqp. é”hﬁrﬁgét leag SRR s phe codphistainggdgidptacent to the
active t aigdipriowmifdésctaml alribets biatpaw ef tiatdion@nd Wgreindle coded Ui roai;aﬁsds d iy h

rh%g{ Ieoﬁa f@gf)rgtgrgﬁ%gﬂﬁlﬁergti tecﬁln%% %Slt?(?i%%dsrg%\l/\\% totas ?éor?dzéﬁgmneg%?r§§a mflr ﬁfas aa
st orage rRogliT-enment of 25 bits. Figure 7b shows the extent of a functional
area bi t map when there are four subregions per tag. It has a storage

equi renent of h96 bit d E ﬂeneral a si n%I e bit in a functional area
b| tmap doés not™R&Pa a‘i"%r ‘r“%f:?r‘ % t“’h%{m%ffﬁlr’@@’l‘ﬁﬂr Gt gperbgplurpfy ofgefed ubr egi ons
necessar ivtajpehave to non-overl apping. It depends sonmewhat on the neaning of
the functional area and the behavior it is being used to control. For
exanpl e, where an "active area" functional area is used to indicate to a
mobi | e sehsi ngMHEREIoB accaidig brelaimpd whaeimt endod vabie reprscaipuiadhadimmeset to  t he
net wor k t[ﬁrtﬁil)l dasntifed bl MPpdsitibOorlaR naandhiReiol sa otﬂsréﬂaﬁeﬁﬁliﬁeaﬁmiﬁ)éﬂmarkher e is no

need for-the functional area to be precisely mapped, so |long as the

. . positions. . . . . .
mappi ng i's Inclusive. A single bit per tag can be used to indicate
whet her, when a particular tag is active (i.e. contains the FOV center), it
i s possrbie f Ofhe t3Rn HcBahOtoRRim 1, W6RLLHe brcRhin@ G mBk §ions b L hi s case
the "subre on E:\/\%undcb rorlrmcl e of r‘atgr SS 25 cent er grggoﬁm% he tag, 1in

line witH™ ‘Flﬁ?véé‘b"iﬁwal@i%féﬂ’é'gﬁlmfs Obvi ously nore than one bit can still
be used per tag to define nultiple subregions. The sr ze of a functr onal

area bit n@ap Caﬁle Qegl\éh ?c%grhlx%tgglla I %]reﬁl%gleasyon aan‘ oIthZi ﬂ) ce? ﬁpé'irtg-ﬂu 8ed tilt

subr egi ons
range of M‘Stwéﬁsé@ﬂ)lﬁ)omlﬁ@eteel ze of the brtrrap may increase if the
nib offset is increased. Feedback based on functional areas such as active
areas and srgﬁ%ture are&s can of course also be provided by the pen based

on i nf or fat i ont ' FEPRECHYRE daltch PRssiLhe ‘B?’WFYT(SEJ“W“? Heergiferelddever to the
pen vi a tsheeinpalSke sttat of@nieasint bedrog) inljdcdnic sarkOtllee thas? hilghers. | at ency and
doesn't function when the pen is offline, it has the advantage of not
consumi n% potentially scarce tag data bits. The present invention has been
descri bed- wi t hf eigl EpEdng te claimpy whcesineach reaoeld miaprtumaihs apempeimuef  speci fi c

al t er nat irsius exdoadic BRI e th HOMWRVIES minindum\Wdivk 15%%3@19%@@% @ﬁtﬁ‘edler%hﬁ Jdgmase skilled
inthe relevant fields that a nunber of other enbodinents, differing from

those sp&CIsT A H&cribed, will also

8. The region according to claim 1, wherein any 10 millimeter diameter area of the coded data
indicative of the functional attribute of a part of the region includes sufficient information to identify the

functional attribute,

S, The region of claim 1 wherein the functional attribute indicates at least one of the group

comprising: a hyperiink, a hypertext link, a button, a drawing field, a text field and a signature field.
10. The region of claim 1 wherein some of the coded data also includes data indicative of a location.

11. The region of ¢laim 1 wherein some of the coded data also includes data indicative of an

identity.



fall within the spirit and scope of the present invention. Accordingly, it
wi |l be understood that the invention is not intended to be |[imted to the
speci fic enbodi ments described in the present specification, including
docunents incorporated by cross-reference as appropriate. The scope of the
invention is only limted by the attacfged claims. 18 CLAIMS 1. A region
havi ng coded data thereon, wherein at |east sonme of the coded data includes
data indicative of a functional attribute of a part of the region and

wher ei n tHe cobtedeztbabiclan iphirgesma ofthaxvdddidhty alscafichsiesiata didtcatevk bfjan identity

undi f f er eph i atfe, mar ks positioned relative to a set of predeterm ned

nom nal mark positions. 2. The region according to claim1, wherein each
mark represents one of a plurality of coded values. 3. The region

accor di ngist o ctirirdgior pf aMIR Il BiiidreintR: iGGS 6 iMRhtile of Spdatsenthesgby a nmark is at

| east partially determ ned by the position of the mark relative to the set
of predeterm ned nom nal mark positions. 4. The region according to claim
1, wher ei i# t heThoraie pEdain hevhereirtheiddntitririidiopids iof dnddestitarefehe regionanged rel ati ve
to a plurality of nomnal lines. 5. The region according to claim4 wherein
at least gne pair _of the |ines are spaced apart fromone another by a

di st ance ©Of | &sBeHLphcofe 2 freiop i“ﬁlié‘{“égra@ply‘@ °°€Hﬁ‘é‘at? BFil6H 2autdigirgy®s claim 1,
wher ei n tdogednian kdnghaetive @ ficBoraltrivirait @ bkt df ihe ragidh a{dlch&ﬁprrsiﬁ@aﬂhrlgyaf t he
centers o [ nt. A met er s.
7 The r eg?sgahtlagg@@%fﬁggtﬁtegﬁmrkfgsm@h%h?e \g,rt% a sr?[ A greﬂe%ennm cIS n‘g]) ma;k pﬁ?%rxroﬁ}m radi us
and a maxi nrum radius and wherein the length of a mark's mn| mumradius i s
greater tan 40%ehod Herdi@NENmas, Whbieh eachBhk rreb@¥ bW pidiitlStcoda The

regi on accprdl ng to claim1, wherein any 10 mllineter dianeter area of the
coded dat®“*¥ ndicative of the functional attribute of a part of the region
i ncludes sufficient information to identify the functional attribute. 9.

The regiop of &l dMbdcififa5h aaufnh@ Jh&@lﬁme%@& vaﬁ%&erg}e?e%@bg Jh%lgxggt?%uat 'east

one of the grou rising: per tton,

dr awi ng fHa’élF‘]éY degmt"??ﬂf’y e @15'60%813&1&%1’?:!%% ‘iﬁr"@ S?tpérrﬂietewed Tnad mygkon of cl a| m
1 wherei nposagi® of the coded data al so includes data indicative of a

| ocation. 11. The region of claiml|l wherein sone of the coded data al so

i ncludes data indicative of an identity. 19
18. 'The method according to claim 15, wherein the predetermined nominal mark positions are

arranged relative to a plurality of nominal lines.

19. The method according to claim 18, wherein at least one pair of the lines are spaced apart from

one another by a distance of less than 100 millimeters.

20, The method according to claim 15, wherein the marks have centers and wherein the relative

spacing of the centers of at least one pair of adjacent marks is less than 12 millimeters.

21. The method according to claim 15, wherein each mark has a minimum radius and a maximum
radius and wherein the length of a mark’s minimum radius is greater than 40% of the length of that

mark’s maximum radius.

22. The method according to claim 15, wherein any 10 millimeter diameter area of the coded data
indicative of the functional attribute of a part of the region includes sufficient information to identify the

functional attribute.

23. The method of claim 15 wherein the functional attribute indicates at least one of the group

comprising: a hyperlink, a hypertext link, a button, a drawing field, a text field and a signature field.



12. The region of claim1l wherein some of the coded data al so includes data
indicative of an identity and a location. 13. The region of claimll
wherein the identity is indicative of a location in the region. 14. The
region of claim1ll wherein the identity is indicative of an identity of the
region. 15. A nethod of coding a regioggjncluding appl ying coded data to a
| east a part of the region, the codeddata being indicative of a
functional attribute of a part of the region and conprising a plurality of
subst ant i@l | y Thedichbeetehin Btvaereimamiesf fhogidtd dnreto indlides dawendietia ofet of
predet er mpneg, nom nal mark positions. 16. The nethod according to claim 15,
wherein each mark represents one of a plurality of coded values. 17. The
met hod according to claim 16, wherein the coded val ue represented by a mark
is at |east prielietabd of cEint BHIkBiR conk)f hb&dpnRiatisORci@fes dabendiiile of £l ati ve to

t he set of p&edeternlned nom nal mark positions. 18. The nethod according
to cIa|n1T§ Wherein the predeterm ned nom nal mark positions are arranged
relative to a plurality of nomnal lines. 19. The nethod according to claim
18, wher ez6n at THe fRMbd FORiInPBiwherSth sdnfi®r i BRAS: a{aamaa&egidaawatJe o%l one

anot her g a distance of less than 100 mllinmeters. 20. The nethod
accordlnd'?%WGWHiWWT§ wherei n the marks have centers and wherein the

rel ative spacing of the centers of at Ieast one palr of adjacent marks is
less t hanZ712 rq‘ﬂelrrfeﬂg& %I‘ RBim 1 é%herlpﬁl Itltpol(sjm veo [l'l atlon mc%h Te I’Qn15_ wher ei n
each mark has a m ninum radi us and Xi'mim - T adi us erein the length
of a mark's mninmumradius is greater t han 40% of the Iength of that

mar k' s meagi MUNTHe adinbtSof cidid 15 WG B RdinAC MOEMAVIT at Rerfilydk ML Aion. Wher ei n any 10
mllinmeter dianeter area of the coded data indicative of the functional
attribute of a part of the region includes sufficient information to

i dentify ®he 4 eengieidevielforabet withbudz@n hBig cddaé damsbdnod, tl@fco@ﬁd&tmomﬁrimger ein the
functi 0neﬂlurﬁﬁ}tJfElRHBr%aliﬂQﬂlﬁégnﬁéeﬂaﬂls%gﬁtton ggatgg totar;'%l g:f rmired TR a§ I ng. a

hyper I i nkK, hypertext |1nk raw n atext freld and a
si gnat ur ematﬂf ReFIEons oy aplgast svﬁeofﬁwﬁ‘é?d d@i‘f m@‘l‘déﬂgﬁ‘?fi@d\ﬁﬁ’e‘? diafingiong a@gfouE Rt coded
dat a al sQait Brhdie@en, tlateasiigrieVi@atihy Ragdd dschR@@trkRiNo ddDindichh@ oMBlh@Eh0f cl ai m
15 mhereumﬁégnﬁ th;p%rcoded data al so includes data indicative of an

i dentity. A" et'ROE°8f claim 15 wherein sonme of the coded data al so
includes data indicative of an identity and a | ocation.

30. The sensing device according to claim 29, wherein each mark represents one of a plurality of
coded values.
31. The sensing device according to claim 30, wherein the coded value represented by a mark is at

least partially determined by the position of the mark relative to the set of predetermined nominal mark

positions.

32, The sensing device according to claim 29, wherein the predetermined nominal mark positions

are arranged relative to a plurality of nominal lines.

33. The sensing device according to claim 32 wherein at least one pair of the lines are spaced apart

from one another by a distance of less than 100 millimeters.

34. The sensing device according to claim 29, wherein the marks have centers and wherein the

relative spacing of the centers of at least one pair of adjacent marks is less than 12 millimeters.

3s. The sensing device according to claim 29, wherein each mark has a minimum radius and a

maximum radius and wherein the length of a mark’s minimum radius is greater than 40% of the length of



27. The nethod of claim 15 wherein the identity is indicative of a |ocation
in the region. 28. The nethod of claim 15 wherein the identity is
indicative of an identity of the region. 29. A sensing device for use with
a region having coded data thereon, the coded data conprising a plurality
of substantially undifferentiated nark;wpositioned relative to a set of
predeternLned nom.nal mark positions d at | east sone of the coded data
|nclud|ng YLEX Wﬁﬁﬁ%ﬂf%@% of a functional attribute of a part of the
region, the sensing device being adapted to sense and react to data

i ndi cati V. of Phe séﬁgﬁé cﬁte@@Jccor&fgttS !:IQHtZQ v@lfsreiﬂ aﬂalr()tmﬂg etgrqglﬁl@t%eg A theSGQ)dedThe

sensi ng device accord alm 29, wherel'n eac represents one of a
pluralit ydaﬁﬂldl"éfé)"déﬁh‘i/%?cu%@‘ attghute Ofﬁeargé Hi§ Fagign delydce @ff&@e@vfwwnﬁwdw& m 30,
wher ei n tihensaarmhivirlidlie represented by a mark is at least partially
determ ned by the position of the mark relative to the set of predeterm ned
nom nal mark positions. 32. The sensing device according to claim 29,
vvherei n t¥e prEdetmengdeniechlniom Aalherpm thk sqpowd deviormsoviday 2 least sraigedion@laat i ve to
a plural iy Wafn iDRALNALa ild AR of aFnctiBGt TRk Prde¥E REioRCCOr ding to claim 32
wherein at | east one pair of the |1 nes are spaced apart from one anot her
by a distance of less than 100 mllinmeters. 34. The sensing device
accor di ngst 0 cltakanigddevie@ei@ins 7teiime kgichiay B saeRl a6is tha pdupBAP@ing at he
relative Sﬁ%Cﬂlug? agcttacgleg% ers QJ O%terhm%gnsstnsgne E’a‘?‘ r of adjacent marks is
| ess than Fp ers. ryaFﬁeysenm ng dev ce*adcor di ng to claim 29,
wherei n each mark has a mnimum radi us and a maxi mum radi us and wherein

the | engty of fheBRkike Bvitd d?'clm’hrﬁbr@ﬂieh\ﬁvhbrﬁh&el%ﬁ}%@éwc’é baRs &V Adailnea | engt h of
that mark' s maxi mum radi us, . The sensi ngﬂ devi ce according to claim

29, wher e‘?‘?’f“%{ﬁv‘t@'ﬁ‘terﬁf?ﬂ“r?éfhéf"gﬁi’ é*l?é‘f“élflg WY EHBFMIEHR2 CoRUEr YR ¥t at i ve
of the f uhator dumdtascd bitlqabtiputidly of sall spaeddadf the regi on i ncludes sufficient
information to identify the functional attribute. 37. The sensing device
of claim 29 wherein the sensing device provides at |east one indication to
a user vRen i4sy@pdelkdiggta indicative of a functional attribute of a part
of the region.codputer TRRmSMASI Ng devi ce of claim 37 wherein the indication is
selected fromthe. group.conprjsing a . Vi tactile,

vi bratory and aasﬁrﬂfmgf]ﬂ’éc? Oﬁlﬁsgg“ﬁh %?ﬁlg'bl?ay'"wg%\dl 4atla3}‘ere§9the‘i“ﬁ %@ﬁ%‘f"ﬁﬁmﬁ%w ce of

cl ai m 29, plulier @ substovtielly uhdiferggmel mgksdhesitiooe régns©3 sdaf @edetadiiedbamial of a
functi onahandlokfibdd i Bl BRI he Blra LEMEESl:Mha nBRSFATRRAGUIGE of £ ANSM LS,

to a computer system said sensed data or data east partially on
sai d seng¥@fodhiragio40. A system i ncl udi ng:

the sensing device for sensing coded data indicative of a functional attribute of a part of the
region and for transmitting, to the computer system, said sensed data or data based at least partially on
said sensed data,

wherein the computer system executes, or commences execution of, a function related to the

functional attribute of the sensed data.

41. The system of claim 40, wherein the computer system verifies that the functional attribute is

consistent with an expected attribute of the respective part of the region.

42, The system according to claim 40, wherein each mark represents one of a plurality of coded
values.
43. The system according to claim 42, wherein the coded value represented by a mark is at least

partially determined by the position of the mark relative to the set of predetermined nominal mark

positions.



conput er system and a sensing device for use with a regi on having coded
data thereon, the coded data conprising a plurality of substantially

undi fferentiated marks positioned relative to a set of predeterm ned

nom nal mark positions and at |east sone of the coded data including data
indicative of a functional attribute of,,a part of the region, the sensing
devi ce for sensing coded data.indicati e of a functional attribute of a
part of tHe r%ﬁ%ﬁmgﬁaﬂw@}@ G HS T Hepredelsmited "URRR BEE POSEPRT ¥ sai d
sensed datmanged rebititeao Ddwdnly ehohiedstespartially on said sensed data, wherein
t he conputer system executes, or comrences execution of, a function rel ated
to the functional attribute of the sensed data. 41. The system of cl aim
40, wher é¥n t hie ot atcaiding {pofagid4mgiefein aplgast g pain o the fingp & proted bragitiomi bute i s
consi St engne Mothlt b8 dRMRE 618 AT o Wh&erQf the respective part of the region.
42. The system according to claim40, wherein each mark represents one of a
plurality of coded values. 43. The system according to claim42, wherein
the codeditval Ukhe sysemeserding th cym 40, whardn themaks heeasticrs pawbdrar hyretdeteer m ned by
the posi tb&fﬁﬁgfméJaﬁergr@frahe;sﬁdn@gauo@aajager& R&SEle s%anl?f gﬁ&ﬁﬁ mﬁrsm ned nom nal mark
posi tions system according to claim 4 erein the
predeterm ned nom nal mark positions are arranged relative to a plurality

of nort naly |1 8.l BXALER, AREQI il 0 m‘zg 4?1&@@?@%@1 |, | east one

air of th tance of |ess
pai 1 of Lhe AT S 198RS %faa@wwa% RS Q&Y o 1t he

mar ks havecontEre iy wherein the relative spacing of the centers of at

| east one pair of adjacent marks is less than 12 mllinmeters. 47. The
system aceor diThg sysem acaddiiy dQlainiTe tvisrdih RACNmilleter daSetepartd JTihdudted @l US and a
maxi mum £ AdiiNSs BOEnMDERT Skibuid He p&rﬁé}% Iﬂegﬁ)t'n irftu iR EdfiSend Thinf XIS ﬂg‘hlﬁﬁhe' S
greater than 40%.0f the length of that = mark's maxi mum radi us
systen1accorémng 10" cl aim40, wherein any 10 mllineter dianeter area of
the coded data indicative of the functional attribute of a part of the
region includes sufficient information to identify the functional
attribute.



