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SUMMARY OF INVENTION
The present invention provides, in a first aspect, a sensing device for use with a surface, the

sensing device including a motion sensor configured to generate movement data indicative of movement
of the sensing device relative to the surface, a nib for marking the surface, the nib having associated nib
information indicative of at least one surface-marking characteristic of the nib, and a transmitter for

transmitting the movement data together with the nib information to a computer system.

The sensing device preferably includes a body portion and the nib is a separate component

which is attachable to and detachable from the body portion.

The sensing device preferably includes an interrogating device for obtaining the nib

information from the nib.

The surface-marking characteristic is preferably a nib shape, a nib size, a line width, a color,




or a texture. 3 The nib preferably includes a storage device for storing
the nib informati on. The sensing device preferably includes a storage
device for storing the nib information and the novenent data. The body
portion of the sensing device is preferably in the shape of a pen and the
nib is attachable to a |ongitudinal end portion of the pen. The sensing
devi ce prﬁjg{ggly i ncl udes a code sensor configured to generate, by sensing
coded data di sposed on the surface, | otation data indicative of a |ocation
of the semsitaagredevi ce relative to the surface, the coded data being
indicative of at |east one reference point of the surface, the notion
sensor bei ng cofhd ghprdedatlongeinerserage ddvise fepyeine the nil atf@masin.ng t he | ocati on
data. The coded data preferably includes a plurality of tags, each tag
bei ng i ndi cat i v&heornsing|dedestrreduablygrolydpien tierege deviceter sioring the aib imfpmativaasd ng
devi ce prgfesakbnyddancl udes a code sensor configured to generate, by sensing
coded data di sposed on the surface, identity data indicative of an identity
of ar egi on of Thebogy pérawmesf tiehsensing debixd idprbtaraliginge khagh @at pel @ndothe @B id dentity
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The sensing device preferably includes at least one acceleration sensor configured to generate
acceleration data indicative of acceleration of the sensing device as the sensing device moves relative to
the surface, the motion sensor being configured to generate the movement data using the acceleration

data.

The acceleration sensor is preferably configured to sense at least two substantially orthogonal

components of acceleration.

The sensing device preferably includes an image sensor, the image sensor being configured to
generate, by imaging the surface in the vicinity of the sensing device, image data, the motion sensor being

configured to generate the movement data using the image data,

The nib information preferably includes nib style information which describes at least one

surface-marking characteristic of the nib.

The nib information preferably includes a nib identifier, the computer system maintains nib
style information which describes at least one surface-marking characteristic of the nib, and the nib style

information is accessible using the nib identifier.



The nib information is preferably also indicative of a function associ ated
with the nib. The present invention provides, in a second aspect, a system
for capturing a facsimle of a stroke nade on a surface using a sensing
device in accordance with the first aspect of the present invention, the
system i ncl udi ng the sensing device, and a conputer systemincluding a
receiver  configured to receive novement data and nib information fromthe
sensi ng d%V|ce, t he conputer system Hﬁing configured to interpret the
nmovenent data amkk ot ibfoirafi@ringéterly 4% iidieivk atstumtibreisoliatthamstemoke. The
system preferably includes a surface having coded data di sposed upon it.
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net page page server, and d netpage application server, Figure 3 is a
schematic view pfauies BiddavinR¥&| of e HHSdntGenfdn \All BEdoRE GaRRIRAAR: ARGkl S
onl i ne pa e.descrlngon; FQQUfg 4a éa a pkfn view show ng a structure of a
net page tHYPHERGEFBOUENTE BETSGT N W S8R B A SEErORsHT pNEEERn a set
of the talsvighown in Figure 4a and a field of view of a netpage sensing
device in the formof a netpage pen; Figure 5a is a plain view show ng an
alternative structure of a netpage tag; Figure 5b is a plan view show ng a
rel at i onsBIRIGF PEPGRETIQN QEPRAWINGR t ags shown in Figure 5 a and a field of

vi ew of a net pabrefesanmi njercenbpdimentsiof ttizeinfeaiomvailt n@v bedosailyel, pemway digur e 5¢C is

a plan viﬁwingfaga\qépﬂgmﬁ,mmerf@&g&maccaﬁpawg%rmngs, Reaf@gs shown in Figure Sa
where targets are shared between adjacent tags; Figure 5d is a plan view

showi ng trgrd Nised dchadtinor A0e réiffodhipWRvedn 4 RdipRpRRed Serfbe dddatsfoRie redewor ds
of thet .shown in Figure 5a; Figure 6 is a schematic view of a tag inmage
processi g ﬁﬂﬁmdecoding algorithm Figure 7 is a perspective view of a

net page ps [ [ tag-sensing field-of-view cone: Fiqure 8 is
a perspe§? §§p%Q5%%%%§%%ﬁé€%§@mFﬁ%t%@?%ﬁﬁgmﬁﬁﬁagﬁge‘%FH“EF§UF§%§P3 PS058- SG
5 Fi gur e sgvérangia aeirlagarpelicetioppeek di agr am of a pen controller for the netpage

pen shown in Figures 7 and 8; Fiqgre 10 is a schematic view of a pen
opti cal d:é%u{:?.?: is a'schematic view of a high-level structure of a printed netpage and its online page description;

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 in the form of a netpage pen;
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 5¢c 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 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;



Figure I | 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

cl ose-up perspective view of an ink refill inserted into a slider block of
t he netpage pen shown in Figure 7; and Figure 14 is a cl ose-up perspective
view of an ink refill and slider block of the netpage pen shown in Figure
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including in particular applications PCT/AU00/ 00569 (docket no. NPT002),
PCT/ AUOO/ 08561 iy aftyerisit ofprtroipgogd ylgorih@T/ AUOO 00561 (docket no. NPP003),
PCT/ AU00/ 00519 . (docket ~no. NPAQ02) and PCT/ AUO0O/ 00578 (docket no. 1J52).
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system enpuys a conputer interface in the formof a mapped surface, that
is, a physical surface which contains references to a map of the surface
mai ntai ned in a conputer system The map references can be queried by an
appr opr i RETAIEDESCRIEVIONOF PREFERREMAND OTHERIEMBQIAMENITS | npl enent at i on,
the map ref er enngs MmYye1e:s LREHAKDS ¥ilvaibRbYRAEardh PYILE, Bhstalia. and defined in
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preferences to a network server. I'n one enbodi nent,
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



text witten by hand on a netpage is automatically recogni zed and converted
to conputer text in the netpage system allowing forns to be filled in. In
ot her enbodi nents, 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 whi cl), gﬁ%_réGbe filled in by the user both physically, on the printed
page, and "electronically", via comrunication between the pen and the
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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 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.
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netpage pen. The netpage registration server compares the signature captured by the netpage pen with a

previously registered signature, allowing it to authenticate the user’s identity to an e-commerce server.

Other biometrics can also be used to verify identity. A version of the 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)
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unique page on which it appears, and thereby indirectly identifies the page description. The tag also

identifies its own position on the page. Characteristics of the tags are described in more detail below.

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
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In a preferred embodiment, the region to which a tag refers coincides with an entire page, and
the region ID encoded in the tag is therefore synonymous with the page ID of the page on which the tag
appears. In other embodiments, the region to which a tag refers can be an arbitrary subregion of a page or
other surface. For example, it can coincide with the zone of an interactive element, in which case the

region ID can directly identify the interactive element.

Each tag contains typically contains 16 bits of tag ID, at least 90 bits of region 1D, and a
number of flag bits. Assuming a maximum tag density of 64 per square inch, a 16-bit tag ID supports a
region size of up to 1024 square inches. Larger regions can be mapped continuously without 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% (~107 or a
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In order to support “single-click” interaction with a tagged region via a sensing device, the
sensing device must be able to see at least one entire tag in its field of view no matter where in the region
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
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aspect and rotation of the ring, and the rotation of the axis. Matching proceeds by applying the ring’s
normalizations to each shape’s moments. Once their second-order moments are normalized the circular
perspective targets arc easy to recognize, and the target closest to each estimated position is taken as a
match. The original centroids of the four perspective targets are then taken to be the perspective-distorted
corners 31 of a square of known size in tag space, and an eight-degree-of-freedom perspective transform
33 is inferred (at 32) based on solving the weil-understood equations relating the four tag-space and
image-space point pairs (see Heckbert, P., Fundamentals of Texture Mapping and Jmage Warping,
Masters Thesis, Dept. of EECS, U. of California at Berkeley, Technical Report No. UCB/CSD 89/516,

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
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The tag represents each one bit as a dot 48, and each zero bit by the absence of the corresponding dot.

The perspective targets are designed to be shared between adjacent tags, as shown in Figures 5b and 5¢c.
Figure 5b shows a square tiling of 16 tags and the corresponding minimum field of view 193, which must
span the diagonals of two tags. Figure 5¢ shows a square tiling of nine tags, containing all one bits for

iilustration purposes.

Using a (15, 7) Reed-Solomon code, 112 bits of tag data are redundantly encoded to produce
240 encoded bits. The four codewords are interleaved spatially within the tag to maximize resilience to
burst errors. Assuming a 16-bit tag ID as before, this allows a region ID of up to 92 bits. The data-bearing
dots 48 of the tag are designed to not overlap their neighbors, so that groups of tags cannot produce
structures which resemble targets. This also saves ink. The perspective targets therefore allow detection

of the tag, so further targets are not required, Tag image processing proceeds as described above, with the
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which maps each tag ID in a tagged region to a corresponding location. A tag map reflects the scheme

used to tile the surface region with tags, and this can vary according to surface type. When multiple

tagged regions share the same tiling scheme and the same tag numbering scheme, they can also share the

same tag map. The tag map for a region must be retrievable via the region ID. Thus, given a region ID, a

tag ID and a pen transform, the tag map can be retrieved, the tag ID can be translated into an absolute tag

location within the region, and the tag-relative pen location can be added to the tag location to yield an

absolute pen location within the region.

The tag ID may have a structure which assists translation through the tag map. It may, for
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accel erongfers, as described in our earlier application PCT/AUOCO 00565
(docket no. NPS001). An enbodi nent of the present invention, in the form of
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of a 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 the housing 102 and a projecting portion 110 which projects back
from the main part 109 and fits within a corresponding slot 111 formed in the walls 103 of the housing

102. A radio antenna 112 is mounted behind the projecting portion 110, within the housing 102. Screw



"pen". A first enbodi nent of the present invention will now be described
with reference to Figures 7, 8, 9 and 10. The pen, generally designated by
ref erence nuneral 101, includes a housing 102 in the form of a plastics
nmol di ng having walls 103 defining an interior space 104 for nmounting the
pen corrponents The pen top 105 is in operation rotatably nmounted at one
end 106 ofy housi ng 102. A sem -transparent cover 107 is secured to the
opposite end %88 of the housing 102. The cover 107 is al so of nol ded
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t he user housi 102 (see
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sur r oundscaEige Epldcemgs of t he housi ng 102 and a projecti ng portion 110 which
projects back fromthe main part 109 and fits within a correspondi ng sl ot
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NPS058- Sc;lo}%rg&dﬁﬁ‘gr%un% bﬁlﬁrround! ng an aperture 113A on the cover 107 are
arranged to réceive a met end piece 114, including corresponding screw
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forward thro i ece by rotation of
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proj ect i NEodgh OMstefd, incl@fee Rht@Glks 123 and 124 fit within the camslot 126. On
rotation of the cambarrel 125, the slider blocks 123 or 124 nove relative
to each ot her t@)fylelectibetitdier the pen nib 119 or stylus nib 121 out
through the hole 122 in the netal end piece 114. The pen 101 has three

st at es of oper afllohcartBfgetl ifmih H§oethe top 105 through 90 steps, the three
states are: (1) Stylus 120 nib 121 out. (2) Ink cartridge 118 nib 119 out.
(3) Neither |nk(3b1§ﬁ*tfl‘?fﬂlﬁfg@”f"f&68“?1plb1H9l<Et‘@ﬂ%Wle?01§b$41@St 120 nib 121 out. As
shown in Fi gur es 13 and_14, the pen cartridge 118 contains a conpact ROM
chip 196. Four™cBAYLRFiguss II%?@ lfQ@e B cﬁlﬁéig‘i)élﬁ EFEs 3 wyectBAMAEr ¥Your

cont act dburicpgac@fare rP5tohehe pbr @edgb btk fdi? SuntadtBRips 197 on the slider block 123, The

contact sirips are staggered so that each strip contacts exactly one of the contact collars. The contact
collars connect to the ROM, while the contact strips connect via wires (not shown) to a pen controller
134, thus providing a power and serial data interface between the ROM of the pen cartridge and the pen
controller, allowing the pen controller to interrogate the pen cartridge for its nib ID 175. An air hole 189
in the pen cartridge allows pressure equalization as ink is extracted through the nib 119.

The slider block 124 similarly provides a power and serial data interface to the pen controller

134 via contact strips (not shown).

A second flex PCB 129, is mounted on an electronics chassis 130 which sits within the
housing 102. The second flex PCB 129 mounts an infrared LED 131 for providing infrared radiation for
projection onto location tags printed in infrared ink (see later). An image sensor 132 is provided mounted
‘on the second flex PCB 129 for receiving reflected radiation from the surface. The second flex PCB 129

also mounts a radio frequency chip 133, which includes a RF transmitter and RF receiver, and the



contact strips are staggered so that each strip contacts exactly one of the
contact collars. The contact collars connect to the ROM while the contact
strips connect via wires (not shown) to a pen controller 134, thus

provi ding a power and serial data interface between the ROM of the pen
cartridge and the pen controller, allowing the pen controller to

i nterrogajg.dshe pen cartridge for its nib ID 175. An air hole 189 in the
pen cartridge allows pressure equalization as ink is extracted through the
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coded data recorded on a surface for use in sending instructions
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surface iwhich mernayie prirtddle.g. B chith rap=at tb @ str@ge)) ThelidgdRs aBs bdataRdatiRgtfoldat a
which idegptifies a first identity in the formof the region in which the
tag is printed (e.g. if the tag is printed on a sheet of paper this data
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utilising optics 135 and controller chip 134. 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 pen 101 to activate
its “active area” LED (this is in fact one mode of the tri-color LED 116, which becomes yellow when the
pen determines, from the control data, that the area that is being imaged is an “active area™). Thus, a
region on the surface which corresponds to the active area of a button or hyperlink may be encoded to
activate this LED, giving the user of the pen visual feedback that the button or hyperlink is active when

the pen 101 passes over it. Control data may also instruct the pen 101 to capture continuous pen force



data. The pen 101 is arranged to determ ne the position of the inmage sensor
32 and thereby of its nib (stylus nib 121 or ink cartridge nib 119) by
imaging, in the infrared spectrum an area of the surface in the vicinity
of the nib. It records the |ocation data fromthe nearest |ocation tag, and
is arranged to calculate the distance of the imge sensor 32 and thereby
of the nilhg g,%% cOr 119 fromthe |ocati D tag wutilising optics 135 and
controller ip 134. The controller chip 134 calculates the orientation of
the pen mailihgs. Tusri tegidrDont tRgsuethcs twhltE eorfekpotids tid € sipratusiegit hrecad ibS brebdel €N
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stroke coimatgtss of a sequence of tine-stanped pen 101 positions on the
surface, initiated by pen-down event and conpleted by a subsequent pen-up
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digital ink data (which is encrypted for security and packaged for
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of a receij er, the digital ink data is transmtted as it is forned. Wen

t he pen 101 foves out of range, digital ink data is buffered within the pen
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the controller 'ﬁ'@' n :lsgnq‘roller E:&\gul@t? Lﬁlu@éssoccﬁ@ Jr&:@gsgsﬁlﬁ}z%} I ﬁ@ ne% es Ehhe RF
chip 133, the imge sensor -co
exchange of data between compoenents of the controller Chlp 134. Flash memory 147 and a 512 KB

DRAM 148 are also included. An analog-to-digital converter 149 is arranged to convert the analog signal
from the force sensor photodiode 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 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



116, the IR illumnnation LED 131, the IR force sensor LED 143, and the
force sensor photodi ode 144. The pen controller chip 134 includes a
controlling processor 145. Bus 146 enables the exchange of data between
conponents of the controller chip 134. Flash nenory 147 and a 512 KB DRAM
148 are al so included. An anal og-to-digital converter 149 is arranged to
convert thR,gral og signal fromthe fgorce sensor photodiode 144 to a
digital si gnal An i mage sensor interface 152 interfaces with the inmage
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d|scussedb%%@vé62mhémpénom@ﬁpﬁbt|cs is inplemented by a noul ded optics body
135. The optics that is inplenmented by the optics body 135 is illustrated
schemati cal | y i Heppiselrath figlesisprbiodigivereashare iegt p de dmage sepios 132106ha PG 93f or

f ocussi N@f thaGiagddisGucd Wlﬁd]ﬂ]fﬁté}l&cﬂs bt field exdielvizbhe 184 ,thﬁn f'El]lI"ure@ﬁlt r&é;,%s THe pbﬁﬁﬁl :
splitter 139 ns sing an
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view cone 192, within required tilt ranges. primry.
path and separate relay lenses 157 and 161 in each path prov1des refocussmg at the image sensor 132 and

the IR LED 131 respectively. This also allows different apertures to be imposed on the two paths.

The edges of the image sensor 132 act as the field stop for the capture field, and the capture
path is designed so that the resulting object space angular field of view is as required (i.e. 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 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



focussing elenent is the objective lens 160. This is also used in reverse
to project illumnation fromthe IR illumnation LED 131 onto the surface
within the field of view Since it is inpractical to place both the inage
sensor 132 and the IR LED 131 at the focus of the objective, a beam
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The pen also senses and decodes any markers which may be present on the surface and in

response to sensing the makers causes the electric field generator to enable marking of the surface or

erasing of marks from the surface, or to disable marking and erasing, whichever is appropriate.

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 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



sequence of tinme-stanped pen positions on the surface, initiated by a
pen-down event and conpleted by the subsequent pen-up event. A stroke is
al so tagged with the region ID of the surface whenever the region ID
changes, i.e. just at the start of the stroke under normal circunstances.
As di scussed above, each location tag includes data indicative of its

posi tion @R.dle surface and al so regigp data indicative of the region of
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being used, the computing system may produce immediate feedback output.

More generally, individual pen cartridges 118 may provide particular ink colors, thereby
determining line color, and particular nib shapes and sizes, thereby determining line width, The pen
controller 134 interrogates the pen cariridge via the serial data interface to obtain the nib ID 175 of the
cartridge, stored in the ROM 196 of the cartridge. As described above, the controller notifies the system
of the nib 1D whenever it changes. The system is thereby able to determine the characteristics of the nib
used to produce a stroke, and is thereby subsequently able to reproduce the characteristics of the stroke

itself.

Any combination of cartridges can be inserted into the pen 101. For example, a user may

choose to insert two different-colored pen cartridges rather than a pen cartridge and a stylus. Once



systens which use the pen to identify an owner of the pen, for exanple, and
interact with that owner in a particular directed manner. |In other

enbodi ments this may not be required. The nib ID allows the conputing
systemto identify which nib, stylus nib 121 or ink cartridge nib 119, is
presently being used. The conputing systemcan vary its operation

dependi ngNdéE RWhi ch nib is being use? For exanple, if the ink cartridge
nib 119 is being used the computing s dtem may defer producing feedback
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corresponding nib styles with the stored digital ink.

At the start of a stroke the pen controller 134 records the elapsed time since the last absolute
time notified to the system. For each pen 101 position 177, in the stroke the controller 134 records the x
and y offset of the pen nib 119, 121 from the current tag, the x, y and z rotation of the pen 101, and the
nib force. It only records the tag ID 178 (data identifying tag location) if it has changed. Since the tag
frequency is significantly smaller than the typical position sampling frequency, the tag ID is constant for

many consecutive 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 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



designate a particular nib as a selection nib, thus allow ng the user to
perform sel ection operations on a page wthout inadvertently entering
input in a field. The user nay al so chose to restrict signature input to a
particular nib, to mnimze the risk of an inpostor succeeding. Users may
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is 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 pen 101 can then identify whether the tag represents an object of interest
tather 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



buffer menory. Additional conpression of pen 101 positions can reduce
transm ssion speed and buffer nenory requirenments further. Each raw stroke
is encrypted using the Triple-DES al gorithm (see Schneier, B, Applied

Crypt ogr aphy, Second Edition, Wley 1996, the disclosure of which is

i ncorporated herein by reference) before being transmtted to the

conput i ngysystem The pen and conputi g system exchange session keys for
this purpose on a regular basis. Based”on a conservative estimte of 50
cycl es peinclekca yqit @drthxigbnal dchederonsiteey AP tnioomedaf a plagn@mse ¢ome pdS00 abd. trhst r oke
CoNSUNes Q. 1l 9 PHOGERIRS1ARs § s dily@ [17ST al ter native

enbodi nent, the code ata i |ca| an identity which is data

identifying thergUbstsidaleme I&élée%@nﬁﬁesﬁﬁ&nﬂ@&m&@% tﬂeopeﬁ dant Lhy

el
substrate,. such as whe{aher the substrate is a particular type o ocunent
or whet heVthPHELTEEP oY ‘é“?g(%raﬁ%w"i%?etta%f”éﬁ%‘fpﬂféﬁt qdﬂf‘“‘éff’fe Of course, since
with this ent)odlrénaacc e te €rbet| ndi atl ve of e E g terj stics of the
surface and not oca on uisq o (thge aceerome}eésl 4t Ve i SUFFSE®S separ at e
means ar einfegsgjed witagespagyto s@mtslpwgucmvmmeomsfvebhef aam@ancmt us relative to the
surface. In a second alternative enbodi nent, the coded data is indicative
of an identity WATech Sagting gesition phEe wmkq iy Botdhovmnenly rlgtiveppwutionsThihinyesol01 can

t hen i dendrd fepicmber hﬂﬂloﬁglﬁep(tsﬁﬁn r1ﬂt9,§rﬂﬁﬁ nicﬁunﬁzﬁtegbén%%t i0fthel RLnuC Sdceler@hner than
a positiaon represents an object and

fa
Cor r espon( %e%fomegrs 1ﬂ’smélrly il &?g?é%sgﬂ(‘ “’Hpﬁﬂ% b E‘H%H‘Em’(o%%&a sekEoMsRRtChEroroN) |
t hen t he acqauewmsstiittect |y identify the input elenment. A suitable separate
novenent sensi ng means for use with the alternative enbodi ments NPS058- SG
23 includes a pRrraddf rrefiditergesisemetss cercese Baton eelasiva O theswiing aithmitive gnofidrane
nor mal t Gedsig np@e H&Q& postided. IVIEmeAE ﬁ@h&rlﬁmﬁ @ﬁﬁnglf%ansamhmﬁ% ah Rptchigur es 10
eroneters enabFes this

and 9 in h(())rs“';hC coo ine %’ft}q E)r;ow si on of E acce%

enbodi nen f BEAS YN U ST LEHS BNRISE Fghs RAHPHS G P eret etheoriica! setspt ace
tags, al Iréwvn@ thdﬁ@lfftcagrsvtlmmelb@g gaap vaich iatludas 4t teage tworcaritets afingedac cataaniat i on
measur ed thYac$ Kh@ sﬁ%v@ﬁ&%w&hb%ﬂna‘? @iﬁs@tmg; 01t Jﬂ? ot%%r@tﬁlgb]e mgtlol:x ?e?xgxﬁ C}{;'e I?ry and

integrated with respect to time roduce an I nstant aneous

posi tion. Se%i“ﬁﬁ‘%vefnﬁ}éreéaf%rt?f‘ﬂ’ga°605| tion of the stroke is not known, only
relative p05|t|ﬁs within a troke ar e @b %I| ated. Althaoug hg{@gsmlon
integration acc UL VEFPLPE bor dngoeeRULHTRRteC cr e FEA cmbodinsat onet er s
t ypi cal | yhkev ef bregjfic plesalivatembsiimeandHévieeert it ml lihj:fp@tetxmﬂ l@ftha;e Stilakif theover

whi ch er [r8&vant FRACHIY h@hR: Bf%th%lhgr[ %dmén%sﬁlﬁgg% ﬁBmEh t{m’f escrﬁ)ef ﬂ{‘ﬂ?t ers to

sense notion relative to the surface nhati ve neans nmay
be provi d8UVHButR ShiEatd stone Plide preeses ’6??“%@néi"iq@1flﬁ’éalh§’llb\kﬁ ‘eﬁer’ft‘i’f@ﬁhﬂﬂés an

optical isefisols nUWhltﬁlhecﬁ@Bd’Jlﬂﬁ]ﬁﬂ BShebdcllic biRbdfdehit dE@ibEOin B PREAlPeciicAidR| S
i ndi catlveh]g]Il ve e to.the surface

motion sensi ng ne cumens rﬁteggr?’c‘fr&a'm%m £ alsé‘%t"ﬁp“?t\"?\g]h%cﬁ? e 1*3’??“3%5@& Yt o
cont act thh’éedhs’t!hefaa@@edahdlssense movement in two orthogonal directions, or
any ot her suitable notion sensing neans for




sensi ng novenent relative to a surface. 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 prgsgflsgi nvention. Accordingly, it will be understood that the
invention is not intended to be limtéd to the speci fic enbodi nments
described in the present specification, including docunments incorporated
by cross-¢hlMSence as appropriate. The scope of the invention is only
limted by the ﬂtsérfﬁiﬁ@@ldvid’él}fﬁi ﬁﬁ.wiﬂpﬁ@gﬁcéﬁe%nsﬁlk%m indludidd $@RdsdnNGndeVvi ce
for use w a.surface, the sensing.device in ing.a notion sensor

confi gur 385‘?‘58““’83%%?% s mr?ﬁ?/rrlee?rte‘ﬁ FRLEEYS ?1%?‘3:"5??“\?/8%]%? Ser%ﬂ{'/ge%ﬁ? rHvE Weﬂ?“sensi ng
devi ce r efvdack\paibtfor napfdng thp spifane end agrapgntistef for trawsmittihgige tnivement ddito @ conpoer a
transm ttgged or transmtting the novenent data to a conputer system 2. A
sensi ng device according to claiml, wherein the nib has associated nib

i nformationn anda sakifd @vide hddGrdibg RNGdFh 1] SKerdid OB ThhsSasiobiBtehib itdHnQloARid ON tO
t he conput devi ce according to claim1, wherein the

er.. tem_ 3. A.sensin

sensi ng dvéh\’?{eglz%ﬁrﬁ% i fatéansém%oﬁ?l b "%%’F‘?tl‘% P UEFEPHE KB i s a separate conponent
whi _Ch I's att ac kb"?‘bl € g@si@q&vggéﬁ%ﬁ?kﬁcl 1&1qvaJp§n 919 %sigoﬁetv{cgn' lug"s aABogenSI ng
devi ce according to clarm 2, erern the sensing evice 1ncluded 8w

i nt er r ogaROMAR Y ERFinEdds 7 SPAAFFOBPIET Yhitthie atigbtigbly tefapd detaetiabln frém Bebadsigortignh. 5. A
sensing device according to.claim1, wherein the surface-markin
characteristic ¥s ’gé?"é % 8819 r 5 og et ot BRI 65 ARYSing dYich l%"l‘i‘gf)“e?“ anib
Si ze, a |interengutingtidyjce for clodiong theatitdinfarniadost frofngthe h. A sensi ng devi ce accordi ng
to claim2, wherein the nib includes a storage device for storing the nib
i nformation. 7.3 A sefmiirggdetieyiccadipgootaiih hgvittginghaiurfrce-making cipirastetidie issensi ng
devi ce i NekdkdeRmancTtRp B@PrisitleYhib ShapeOs niSliRd! 4 8 widdea i, ahdf @4:gBt I On and the
novenent data. 8. A sensing device according to claim3, wherein the body

portion is in tdhe shapdngfevite acRedingx0 diatnhE whbrbin e nd hdGBADQade Qevice for

| ongi t udi pal tﬁnrgbgfc)){:rrtlaitignn of the pen. 9. A sensing device according to claim
1, further Il ud) ng a code sensor configured to generate, by sensing

coded data di Sposed, lilgle Sl Afif o LG, WAL Sl MAMGRL GOl Walocati on

of the sensing device relative t he surtace, oded eg

i ndi cat i evigfforgtoripedhenib igfemnafigragd pmevepeitda of the surface, the notion
sensor being cqonfigured to generate the novenent data using the |ocation
data. 10. A se%si ng* WBVIBCE G aeTY CRig T PAFTH e badyarriph sihbe el adat a

i ncl udes pan gpH e aibiitajtachible té apsgitudicet éndpargorxdibagenl Ndi cati ve of a | ocation of

the tag on the surface.
9. A sensing device according to claim 1, further including a code sensor configured to

generate, by sensing coded data disposed on the surface, location data indicative of a location of the
sensing device relative to the surface, the coded data being indicative of at least one reference point of the

surface, the motion sensor being configured to generate the movement data using the location data.

10. A sensing device according to claim 9, wherein the coded data includes a plurality of

tags, each tag being indicative of a location of the tag on the surface,

11. A sensing device according to claim 1, further including a code sensor configured to
generate, by sensing coded data disposed on the surface, identity data indicative of an identity of a region
of the surface, the coded data being indicative of an identity of at least one region of the surface, the

motion sensor being configured to include the identity data in the movement data.

12. A sensing device according to claim 11, wherein the coded data includes a plurality of

tags, each tag being indicative of an identity of a region of the surface within which the tag lies.

13. A sensing device according to claim 1, further including at least one acceleration sensor




11. A sensing device according to claim1, further including a code sensor
configured to generate, by sensing coded data di sposed on the surface,
identity data indicative of an identity of a region of the surface, the
coded data being indicative of an identity of at |east one region of the
surface, the notion sensor being configured to include the identity data
in the noyegknRt data. 12. A sensing dez\gi ce according to claim11l, wherein
the coded data includes a plurality of” tags, each tag being indicative of
an i dent i ¢topfiggfedgo gamgpte Acceifratioh datg indfeatve ofmctdibrationbr thdsetisig dtva@ ak e Sensild. A
sensi ng dgvi i | &L m, I i t.l east
accel er at ?X’ﬁgfg‘ﬁg%?ﬁ‘%ﬁ%%%%@fg%’ %%mé%oﬁfs %“g‘{‘j?”e °t°16ﬁ]g3!'é*§g°r L éa%eaﬂéec%l?veerrng{??%an dat a
i ndi cat i v&Dgthe Actleption ¢ on of the sensing device as the sensing device
noves relative o the sur%ace, the norjon sensor bei ng%. configured to
generate the noVenent s €V UEFRYE RETC CeMireit Poffedrstian sepspr is gonfigied ng
devi ce acteeamet ahlgast tyro edbgtantinl lydrthophyat @imporkecfagelebinat i on sensor is configured
to sense at | east two substantially orthogonal conponents of accel eration.
15. A sensing dBvi ck s@sieodedicngpeerding foglaim 1., fifther inblading andinagelisengorathe inagge
Sensor, tda@ord B¥MY Coniig @ISO kerB@le Y iRt ULEH: AnISREY A Ko sepynglt{gﬁ&! ﬂ'g%et he
e no

surface icr the vjcini t%/e, of the sensing device, imge data, I on
sensor bet"Rg"tBAFT HHie "‘?ﬁmﬁéﬁﬁirt&%eé‘erf‘tﬁ@e POVERYE AT tie e irdendit® he | mage dat a.
el Udes i bt il e % R Rat et A His AP HAL 2P igafon gyl B Sk "
sur f ace- niafPtaiatien vhish deseriberat Ipesk ene ofrfateraerifipgrhardckrigicodthsiilng devi ce according to
claim2, wherein the nib information includes a nib identifier, the
conput er syst enh’nai‘ht@pirEsdaicn aprying tq slfim 2rarhereim themitc inforreation inbedss amit| east
on ? sur f adeficABtikioRgueBHAc ndiniasi iﬁiﬁ s8fe iﬁfﬁgiafﬂnb?/hi@r@scﬁtb@ al kbt SﬁeYJuﬁacg
i nformati 1 s.accessi bl e .usi t nib identifier. 18. A sensing device
accor di ngn%t[rlkédg(? ! %?6%1"%1,0 ? eenr'béfnﬁﬂ%hnéb Sﬁ‘lkbmt?%?%?nﬁsaatcfeésﬁ’lﬁ ‘Em%'ihg’b‘f’ I eati ve of a
2 St oke made. on o sury BoeRE aftbRig blierds MUERE R, oo AR R o B e m 2,
the syst EiiiclEasass hdeddnsi ng devi ce, and a conputer systemincluding a
recei ver confi glgred to receive nmovenent_ data and nib_information fromthe
sensi ng devi ce, “t he* ¥ST If Springadpesiin g 2ok grfs Garafcs wing pieasisdeticet he
nmovement aslakineduindclaimt®, itefsprtarmntlodingathe sdigng &oBé, hd € cofiputeh §ystetiidigRg 220. A
syst em ageet i D@4 & Lal; A ing a surface. haying coded data
di sposed " upon the su r%é?en%gg%%gﬁaﬁgcr?I%Q%h@aggnn%onb?e %:epsér}g(rzrlﬁwﬁ?tgeoco uter

system being configured to interpret the movement data and nib information as the facsimile of the

stroke.

20. A system according to claim 19, further including a surface having coded data disposed

upon the surface according to any one of claims 9 to 12.




