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present invention relates generally to a drawi ng device with

i nt erchangeabl e nibs, and nore particularly, to a drawi ng devi ce which
senses its own novenent and conbi nes sensed novenent data with nib
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Various methods, systems and apparatus relating to the present invention are disclosed in the
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present invegiy R&w%@é' %?Audog)oﬁsfﬁdﬁ,&mﬁﬁ)@ﬁ%md FeT3Risoloash devi ce for use
with a surface sensing device I ncluding a notion sensor configured to
generate moverment data indicative of novenent of the sensi ng device
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char act ‘é@éﬁsﬁ%@& the nib, and a transmtter for transmtting the novenent
dat a togé R the nib information to a conputﬁl; “i{@tem The sen3| ng
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The ni b 4seher APPoT dpphidtiiapod/seisar age device for storing the nib
information. The sensing device preferably includes a storage device for

storing the ni Whilevheé patlike devasddmay support interchangeable pen cartridges with varying color .

and line width characteristics, they do not capture these characteristics with the movement data.

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,



t he 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 device preferably includes a code sensor configured
to generate, by sensing coded data di sposed on the surface, |ocation data
indicative of a location of the sensing device relative to the surface,
the coded data being indicative of at | east one reference point of the
surface, the notion sensor being configured to generate the novenent data
using the |location data. The coded data preferably includes a plurality of
tags, each®t®Yveing indicative of a location of the tag on the surface.
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- present udlng the sensing device, and a conputer

system i ncl udi e sfng ‘&Sihc‘é ?Feferaggq&clhg&ra? ast Ghe a&gl@xlat\{o% s%&%%@&reﬂ@%&e@@ d nib
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acceleration data indicative of acceleratlon 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.



being configured to interpret the novenent data and nib information as the
facsimle of the stroke. The system preferably includes a surface having
coded data di sposed upon it. Features and advantages of the present
invention wll become apparent fromthe follow ng description of

enbodi nents thereof, by way of exanple only, with reference to the
acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF DRAW NGS Preferred and ot her
enbodi ment s of the invention will now be described, by way of non- limting

I ly, t d Wh h: Fi
T Te e schemnt | AR BePREOT Sy Pl R DR Aot RREB B BEB net page and
Its online Page rpd gs%l(t'u&%rlti%? rOEldguﬁ’l% sgcol'u§ as ec? %Qgﬁé%{[ fot caééuﬁﬁg Oifacsﬁmfe %}gl’ aCt I on

bet ween a net page server,
net page ayypke wadeionr syefpop euping FngGIF@ d@lqesn accardamesriith éle\ﬂr%\nﬁpeqt Oéﬂmrgqﬁeqt evel

struct ur enRhiod, el Hi@d iRLRAUR RRshg! &eslcpndna NEcdipie: Geeh rlhdmdmgrh recéitegUr € 4a
is a plan view ,show ng a structure of a netpage tag ure 4b is a plan

vi ew shoviPHiE s FaPte BREREY I8 fiteithinipraatipn f5gm ﬁ?“i%“%%%/ﬁm‘?l’ﬁteﬁyﬁﬁ? e 4a
and a fi denlgednfigwddesin@ipreatheiRb@mee daedd nibGnfaertionas thafaéshele bhawrolfe. a net page
pen; Figure 5a is a plan view showing an alternative structure of a netpage
tag; Figure 5b Tie spstepl pesferableinelsloamurige baving Faied Grsivppedypbviben a set of the
tags shown in Figure 5a and a field of view of a netpage sensing device in
the form of a nEegendrdrantaps fithe peeent Biventipn will beorg 2patsii frrg &in follpWind genent

of nine Qksclifi®n toAGHbRAMMNE thefeof it ?Wa? oD AxMPR! Syt ith @drErerRE B the RAMphniE: WEEN
adj acent tags Figure 5d is a plan view showing the interl eaving and
rotati ond6 he symbol s- of the four codewords of the tag shown in Figure

5a; Figure 6 is a schematic view of a tag i mage processing and decodi ng

algorith |veV|ewofanetae en and its
9 BRIEE Eﬁéﬁlﬁriﬁﬁﬂﬁ%ﬁ@éﬁm p ge p

associ ated tag cane; ure 8,is.a perspective

expl oded vi ew ol?re FFed aﬁ%?t eége h li"‘ﬁhtl‘f"lngu 8 “7be flescr Eedg%}'e 8 Pmn’
schemat i ¢mBinpekmple ey, #ith Gfereaceethe euertpatilgairavings, it whichnet page pen shown in
Figures 7 and 8, Figure 10 is a schematic view of a pen optical path;

Fi gure | Fisuied i afschametiarfta e relatignship |betwesnph ermele arigied peimeeq and iHuntnerzed s a

schemat i geswripgivp;0f 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 net paigere pdna schéduaidiview ofd Mteraction betavexal aFriepageerl 4 netpaga piltad Seretppgeyeges pect i ve

vi ew of ?epvei'%arn%tfp];léelapp?i&QOéJe}Vgrer bl ock of the netpage pen shown in Figure
7. ’ ’

Figure 3 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 5c¢ is a plan view showing an arrangement of nine of the tags shown in Figure Sa 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;



DETAI LED DESCRI PTI ON OF PREFERRED AND OTHER EMBODI MENTS Note: MenmjetTMi s
a trademark of Silverbrook Research Pty Ltd, Australia. In the preferred
enbodi ment, the invention is configured to work with the netpage networked
conput er system a sunmmary of which is given below and a detail ed
description of which is given in our earlier applications, including in
particul ar applications PCT/ AU0O0/ 00569 (docket no. NPT002), PCT/ AUOO 00565
(docket no. NPSOO ), PCT/ AUOO/ 00561 (docket no. NPPO03), PCT/ AUOO/ 00519

- (docket no NPA002 and P /AU00/00578 doc n
appr eci atfégyrest Sc?FB’Lat‘cé\V??’r‘ aé’ﬁ’b???‘é"t"fg’ofﬁ”gﬁ'}efpa%?é’ﬁ’esg‘%‘gﬁ flﬁurg\%ag%y all or
even nos

elb Sasgre ncv g X ptcal Q{ﬁj ext ensi ons described in these
applicati S qtd ‘fﬁg Basgte system However, the systemis

descri beg mlﬁgssdfﬂw%%‘aot%ngmaeg erd 9 SoBink© assist in under standi ng t he cont ext

in which the prefe fent s an “aspects of the present invention
oper at e. Fkgﬁretwﬁs%fschgﬂmfewofémd@ﬁa@maﬁﬁﬁaéﬁrﬁ%@f the netpage system enpl oys
a conputer interface in the formof a mapped surface, that is, a physi cal
surface ngk&hs GONGIGL-OS pdr DEBNEIGR 5f dnGnicrefiBidseiibd infde: sTtk bRaEof tM&ietﬁig&lpEtEd ina
conput er s%bl;n “[Q map references can be queried by an appropriate
sensi ng 4 nd| ng upon the specific inplenentation, the map
references be .encoded vi r i S Pl a wa
blo@ e h ShoRH &N y
that a Ig lglgqx 1sa<):/lose v F%rse’ecrrlég lg‘léins%r a%}eﬂl%&e)%h ?sr an untan%:tpg%(c)lﬁs r?ap
refer encélgulbéith wi thin the map and anong different maps. The conputer
system can contain informati on about features on the mapped surface, and

such information can be retrieyv s supplied by a
sensi ng QEALEDRERERIFVANQFPRER ﬁ?§?§ﬁ%@éﬁp@&&§tl on thus retrieved
can take the fdYote Memie@tisiagpds Pﬁﬁlvﬁlﬂ*‘éo‘il?‘ﬁs‘tarcﬁtpé’dﬂtdeﬁ‘“ﬁlﬁh'é‘ conput er system on
behal f of the qperator in response to the operator teraction th the
surface feat ur d&the pigefredembpdiment, the invenfiop s “P‘H@“’r‘?@?p‘%?@l%w SRk é‘Ft?”%rg on the
pr oduct | edinpoer syaehd] aRunirpany ofivihech qiven belovwdnti la detaitet] dascripsion ditvéskeisgiven pages  of
text, Qz{gllly Ca% l%g% TRYGRe Bh V%g%lﬂaroﬂn fa engafrdll"/"p@da%bS@r (dgékgeﬁo rfﬁqb@l but
[i’Ke I nteractive g.

mhlch wor ormation 1s encod on each page

usi ng i NRCT{APBMO05E5 (degkbisioa APSEAL), fqrfAHOQ/P{’ﬁ% (dosket e WQP@&F%W%&% The
i nk, howey&ks noglﬂJ@Abdi?ﬁﬂbBCﬁékl@omﬁnOkdm&tam nsy). i@&nlﬁbe s@ﬂ:&&di {hytfraﬂex@@t :c cally
i magi ng and. transm tted to the net |.n re orm
active bE‘{p{lBIﬁ’gat’%H%ﬁéﬁam?' ﬁ‘Rl?dESﬁlP‘éraf(‘f‘?ﬁ‘ °§§’S%§ Fe %de iva de(’:‘ltel%mfl H efcﬁ‘ = pen to
request inrthm apritatipnsfin o¢htioheo rhetbage kysem. Howeergtigl squnefsede@nbeésm tit9 HB?Stnet wor k
Server. P@%orﬁxr{p nglﬁtq}?g'fderstaﬁdﬁétthe%ﬁt&& Bl dReRGerRR eAbddRIRREH abpicts of

aut omat i ca y recogni ze converted to conputer text in the netpage
system ‘ﬁ?l’fﬁﬁﬁﬁ‘trﬁ@e"fﬂﬁ?%mfeo be filled |n I n ot her enbodi ments si gnat ur es

recorded on a net verlfled nmer ce
transactions tg“ g?g’g'f‘ﬁ ?prﬁ%?%g{%’ e“ﬁg’a%e RN érmé’?esda |°°rr1np P “ﬁt? 1) a

print ed thefopagfe rkped surfagpthase abhysical nt%creaxhidmwtdil@mﬁrmsm nmrvf thesurfhde| | ed in
by the ug Tﬂtal&qtlﬂ p(J?%ﬁt'e é?%]ény ThO g %féreﬂ ok Bingd qRE8E vy ﬁﬂiﬂp ;%ia RGlkANELRARLI Y, Vvia

conmmuni cat1 on et ween en an he net page sy stem he exarrpl e ShOWS a
" RequestDePP'tS‘F‘m“é@rfP%ﬁPﬁ‘i‘f?fg“qﬁ ngtaé_xﬁra 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 r_etrieved 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



address fields and a submt button. The netpage consists of graphic data 2
printed using visible ink, and coded data 3 printed as a coll ection of
tags 4 using invisible ink. The correspondi ng page description 5, stored
on the net page network, describes the individual elenents of the netpage.
In particular it describes the type and spatial extent (zone) of each
interactive elenment (i.e. text field or button in the exanple), to allow
t he net page systen1to correctly interpset input via the netpage. The submt
button 6, for exa one 7 i.ch corres onds to the spatia

as
extent of SERBPXGPP § d’ﬂ‘lﬁ“’t‘?@eb B?HSIE‘“ toﬁn?waﬁﬁ%'f? ited in Figure 2, the

net page pen 101 r rred S r|be Iler
application PCT}"A%)‘% %&Eé@n(a o“c’f’kbe Onsan %Ic)n eacwé)a%? candbe CE%(ﬁ&Jﬁlﬁhct?l on with a
net page pwiraquestinfo@@tion feom thawtetroret iq:smnaie@fee?dcep foi armetwark samyl Ip amee‘lbffd@menh one,

of fice oregulinkPoBRd od Q%efpfg@ lg a%to%ﬁcghﬁé&gﬁm an@ ngyea@(% utSEEM LY W th
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the household’s point of departure for the day. It also comes in tabletop, desktop, portable and miniature

versions.

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
I 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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cl ass, srggapmgt dardoaggouite This allows e-commerce payments to be securely authorized using the

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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pad P Each reference to thg page description is encoded in a printed tag. The tag identifies the

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



net page. The rel ati onship between the page description, the page instance,
and the printed netpage is shown in Figure 3. The printed netpage nay be
part of a printed netpage docunent 45. The page instance is associated
with both the netpage printer which printed it and, if known, the netpage
user who requested it. In a preferred form each tag identifies the region
in which it appears, and the location of that tag within the region. A tag
may al so contain flags which relate to9the region as a whole or to the tag.
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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 ID, 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% (~10” or a
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wedges. The fifteen 4-bit data symbols of each of the six codewords are allocated to the four concentric

symbol rings 18a to 18d in interleaved fashion. Symbols are allocated alternately in circular progression
around the tag. The interleaving is designed to maximise the average spatial distance between any two

symbols of the same codeword.

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



for the image 21. The inmage is then threshol ded and segnented into
connected pixel regions (i.e. shapes 23) (at 22). Shapes which are too
smal|l to represent tag target structures are discarded. The size and
centroid of each shape is also conputed. Binary shape nonents 25 are then
conputed (at 24) for each shape, and these provide the basis for
subsequently locating target structures. Central shape nonents are by their
nature invariant of position, and canibe easily made invariant of scale,
aspect ratio and rotatlon The ring target structure 15 is the first to be
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normalizations to each shape’s moments. Once their second-order moments are normalized the circular

perspective targets are 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 well-understood equations relating the four tag-space and
image-space point pairs (see Heckbert, P., Fundamentals of Texture Mapping and Image 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



Once all 360 data bits 37 have been obtained in this way, each of the six
60-bit Reed- Sol onbn codewords is decoded (at 38) to yield 20 decoded bits
39, or 120 decoded bits in total. Note that the codeword synbols are

sanpl ed in codeword order, so that codewords are inplicitly de-interleaved
during the sanpling process. The ring target 15 is only sought in a
subarea of the inmage whose relationship to the inmage guarantees that the
ring, if found, is part of a corrpl etelzag If a conplete tag is not found
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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 5c.
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 5c shows a square tiling of nine tags, containing all one bits for

illustration 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



possi ble orientations of the tag relative to the sensor, it is also
possible to enbed orientation data in the tag data. For exanple, 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
synmbol is labelled wwth the nunber of its codeword (1-4) and the position
of the synbol within the codeword (A-O . Tag decoding then consists of
decodi ng one codeword at each orientation. Each codeword can either contain
a single bit indicating whether it is the first codeword, or two bits
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region, the location of the tag within the region must be known. This is given by a tag map, a function
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

Jocation 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



appears. The tag ID structure is dictated by and known to the tag nmap, and
tag | Ds associated with different tag maps nay therefore have different
structures. Two distinct surface coding schenmes are of interest, both of
whi ch use the tag structure described earlier in this section. The
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pl astics ppa&qod@ﬁmmdﬁ‘sr@mesmpgmansparent material in order to enable
the user to view the status of the LED nounted within the housing 102 (see
later). The coverembddiméd ok tEdasesent li@vemioan tthelo8n whi pho-lisssing deviel Wit
surrounds, t 08 .of the ho 0 which
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111 fornt@rin the wall s 103 of the housi ng 102 A radi o antenna 112 is
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A first embodiment of the present invention will now be Qescrlbeg| w1th re rence ures 7,

8,9 and 10. The pen, generally designated by reference numeral 101, includes a housing 102 in the form
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



threads 113 surroundi ng an aperture 113A on the cover 107 are arranged to
receive a netal end piece 114, including corresponding screw threads 115.
The netal end piece 114 is renovable to enable ink cartridge replacenent.
Al'so mounted within the cover 107 is a tri-color status LED 116 on a flex
PCB 117. The antenna 112 is also nounted on the flex PCB 117. The status
LED 116 is nounted at the top of the pen 101 for good all-around
visibility. The pen can operate both as a nornmal marking ink pen and as a
non- mar ki n Ius i nk e art.ridge 18vv| i lus 120
with styl® }Hgadﬁf @Fgeanr?B eelg%loﬁéh 6‘9‘%‘"31 %%t'ﬁ%“%én%{saﬁeﬁ]@pgy
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staggered s strip contacts act | col | ars.
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via wir 6$23(d’ﬂ(D14 1Bdve Yulijive t0 ea2h Pt terojedt eithlercthe peil 8ih, 112 druylupnib Vi Icbutrtbrosghhswer and
serial dala,jnt Ié];n%‘t(a:lleenﬁg}e&eﬁg "lthQ$ Wh%fm&é‘ﬁatég%ﬁoﬁéﬁah&{ B?%&Qﬁla bhfspen
control I €rc Al o en con l'er to Interrogate the pen cartridge
for its mdyghﬂ9°$%theﬂﬁe@eﬁ"t¢%h@1 e 189 in the pen cartridge allows pressure
equalization as_ink is extracted through the nib 119. The slider block 124
sinilarly provité&a gwer! atd serl al data interface to the pen controller
134 via contact ri A second flex PCB 129, is nounted on an
el ectronics ché@?fk r%?één |n5’§1§5)| s within the housing 102. The second flex

PCB 129 Mount s iyl 20l R 3l fnoRiyh st g R ar ed radiat i on Tor

projection onto’location tags printed in‘infrared ink (see later). An imge

sensor 132 is R@QNM%QF@B&WMd mmnélmcﬁﬁﬁgnﬂsfcbxﬁﬁnsFéCBmi:&QRtbmchipeem vi ng
reflected radiation fromt

df
LT i o ToPbaar Ey/aeHP hombrn TR orias REns Aey A FAAF T e A Re mounts

r ecei ver con@dtriph ére IBggered 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 inﬁared 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



controller chip 134 for controlling operation of the pen 101. An optics

bl ock 135 (fornmed fromnolded clear plastics) sits within the cover 107.
and projects an infrared beamonto the surface and receives 1inages onto
the i mage sensor 132. Power supply wires 136 connect the conponents on the
second flex PCB 129 to battery contacts 137 which are nounted within the
cam barrel 125. A termnal 138 connects to the battery contacts 137 and
the cam barrel 125- A three volt rechg geabl e battery 139 sits within the
cam barrel 125 in contact with the batteril cont act Ag |nd&1§t| on. Ghar gi ng
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whi ch t hgodia@siagd i nted (e.g. if the tag is printed on a sheet of paper
this data will identify the sheet of paper) and al so | ocation data
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cal cul atshest 96 P@Pfs‘i"arﬁ‘é‘é "'(b‘f idemidy thrghyst SHIRDY angflsgllf’datpﬁ &pa b‘% tg?m%g h éec?ln:ab 121 or
119 fr ongédRg ih @&abrin0d¥ tltlealgcatlddi ol theSta) Gtk tie Gegich 3Bhedoraltiancngs rabb fireludectaisg 134.

The controller chi cu ola s ot he
ni b- t o- t YYCYF* ‘f’l}iﬁlfc abit lﬁ‘iﬁ%‘ﬁ %ersglénglfsfo\r}%cal i&%{l%“f%ﬁg%risg‘%vtg%our@%ﬁoe i maged

tag. Convhidl thelmg & pfinteh{etshat wmlwme@rﬁo thagurfm) The g (g a'é%??f“ialﬁ‘l vagigug gontrol
instructjpg the pen 101 to activate its "active area” LED (this is in fact
one rode ©of the tri-color LED 116, which becones yell ow when the pen

det er m nes, frqrﬁegeheopieaxtringédtda&tamufematpommoameanaghmswsz bditiegeby pfiged i s an
"active | the &0 or.r t he
2081 7o ALESy) OBt R B bR S oar el e
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active V\’Qﬁﬁ'ﬂate Ttd%%ls{%{?& o‘}% if&e 3&R0r 3% Ghd {htzrebygmﬂerrﬁﬂ 120 @k a19RYm &k $kation$dgr uct t he

en 101 to capture continuous pen_force
P utilising oe)ncs 135 and controller chip F1)34 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



17 readings. Thus a region on the surface which corresponds to a signature
i nput area can be encoded to capture continuous pen 101 force. Pen 101
action relative to the surface may conprise a series of strokes. A stroke
consists of a sequence of timne-stanped pen 101 positions on the surface,
initiated by pen-down event and conpleted by a subsequent pen-up event.
Note that pen force can be interpreted relative to a threshold to indicate
whet her the pen is "up" or "down", aslitell as being interpreted as a

cont i nuoyg 4y %%gpsk,& i cdrfdoR&No b Sio®AHR bk Bida Ban e IRBAEHE- The
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the digital exchange _of drawi ngs and handwiting, for on- Ilne recognition
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circuitry includes a buffer arranged to store ital ink data for

appr oxi nedigfelink’>Digjta) inkcan byrusqdiydth 3 CAMPRIRG Sypierm fp f‘E"I“i’et e Ragis fon e vligiigh grepange pe
transm t betrawigsednd hadderibil fod Wh-liod RERkIton st Rindwrhig, pad for dnllin eifieiodescr i bed
in nore det%ﬁ in the following sections. As discussed above, the

control | & I'p 134 is nounted on the second flex PCB 129 in the pen 101.
Figure 9 1s a Rl G @oaTss de%&rneﬁ |216e e 16T Lol iPihd dl%laemaaa@aramapt ure of

the controller chip 134 igure 9 also shows representations of the RF
chi p 133is epgpated FPé@eé“f%ﬂ‘é@?CkaES‘?fOr ffﬁeenf frqnsmpigog} to the Serppuitinegsystem 16t he | R

illumnation L 1, the IR forc ens D 143, an force ensor
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i ncluded. An anal og-to-digital converter 149 is arranged to convert the
anal og s?"@fi’f‘é}a“dfﬂnéﬁﬁ"ﬁé‘t‘f & sensor phot od| ode 144 to a di g| t al SI gnal . An
i mage sensor erface 152 inferface e

{ranecer ver | colPs BPBroveTess Bhife ae BBk teRcbrd BIEs” 0 BBt h i ded o
interfacectisndh the RF chip 133 which includes an RF circuit 155 and RF
resonators and inductors 156 connected to the antenna 112. The control i ng
processor 145 éapisursesbaysdtheieaedieschipd@hisimonnteseop drefsecord ea§SB 1 1%0mibe P2 sur f ace

via the 1oﬁralggu§¢ RS WMlocit 3 armmstt-a%gsmtrmﬁe 411G S@RERFe &hﬁﬁ&d{idﬂé&hr¥4144
control s t he andl es srigﬁt-ran

di
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transcei ver conponents gt ranscei ver controller 153 and baseband
The pen controller chip 134 includes a controlling processor 145. Bus 146 enables the

exchange of data between components of the controller chip 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



18 circuit 154), image sensor interface 152, flash nmenory 147 and 512KB
DRAM 148 are integrated in a single controller ASIC Anal og RF conponents
(RF circuit 155 and RF resonators and inductors 156) are provided in the
separate RF chip. The inage sensor is CCD with an approxi mate resol uti on of
215x215 pixels (such a sensor is produced by Matsushita El ectronic
Corporation, and is described in a paper by Itakura, K T Nobusada, N
Ckusenya, R Nagayoshi, and M Ozaki, "#fgInmm 50k-Pixel IT CCD I mage Sensor
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by the optics body 135 is illustrated schematically in Figure 10. The
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obj ective,. a beam I|tter s . used and theHmEat e
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apertur eﬁah& f’ 3"‘ H?&%%n@%di?ﬁ 2s¥WBndiaisNS1 fof RRusBid 96 fmapé oridmad@ger SENSOr 132
act as t for the capture field, and the capture path is
desi gnedAlle‘rtyﬁéﬁz ‘tl‘t‘i@“‘r‘%%‘tﬂ‘f"i‘??&‘ obj ect space angular field of viewis as
required (i.e ust er . 20for the applicat S19hed 93 - see
later). The il I &aFP%hls gestened e a2 5% dmt%% t!f)?lcg)g}?a%e ﬁeﬁi? 13%same p%@j ect space
field of omeema@sswm whialp intersectyyh field Qrf@letvmtte 192 within egiiies B Fapgss-The prsnaph e

obj ect SpA! ':‘l‘ng éle?tlegt iOhe oﬁfécﬁ\w léMstlgb Ffﬁl%( ls%%ﬁ@\ﬂﬂ’éveﬁg% ;H6jbcft Qlilﬁ\ilnﬁtjbn frbfaghel R LED
131 is strob In synchfony wwth frane ca
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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



19 of field for the full range of surface depths induced by tilt. The
capture path includes an explicit aperture stop for this purpose. Because
the i mage sensor 132 has a strong response throughout the visible and near
infrared part of the spectrum it is preceded by an infrared filter 163 in
the capture path so that it captures a clean inmage of the tag data on the
surface, free frominterference fromother graphics on the surface which
may be printed using inks which are toansparent in the near infrared. Wen
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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



stroke data (including the tag data and other information such as force, if
it is being continuously 20 nonitored). On a pen-up event the pen
controller 134 encrypts 170 the stroke data and transmts 171 the stroke
data via the RF chip 133 and antenna 112, to the conputing system Note
that the pen sanples the nib force 172 in order to determ ne whether the
stroke has been conpleted 173 and also to determ ne whether a new stroke
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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 cartridge 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 ID 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



Any conbi nation of cartridges can be inserted into the pen 101. For
exanpl e, a user may choose to insert two different-col ored pen cartridges
rat her than a pen cartridge and a stylus. Once 21 endowed with a ROM 196,
the stylus 120 becones a specific instance of a pen cartridge whose nib ID
indicates that it is non-marking. As an alternative to having a ROM
containing its nib ID, a pen cartridge 118 nay instead be |abeled with its
nib IDin a machi ne-readabl e manner. 3this may take the form of a barcode or
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At the start of a stroke the pen controller 134 records the elapsed time since the last absolute

0)

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



Since the pen 101 sanples its positions and orientation at 100 Hz, pen 101
positions in a stroke are inplicitly clocked at 100 Hz and do not need an
explicit timestanp. If the pen 101 fails to conpute a pen 101 position,
e.g. because it fails to decode a tag, it must still record a pen 101
position to 22 preserve the inplicit clocking. It therefore records the
position as unknown, 179 allowi ng the conputing systemto |ater
interpolate the position from adjacent2 sanples if necessary. Since the
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an ident i Ly, WloGRmkss @l 1dentifying the substrate. This enables the pen
101 to identify the substrate, such as whether the substrate is a

particul ar typeagf radQGolein ten@yptedhsig ere Tripl-BRSbagarithve(séeoBameiqnal.t ARpliedanot her
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enbodi ment, the coded data is indicatiye of_ an identjty which is data
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represents an qrtljja %i(r:stt al%];nagivre]:texenii)gdsuglent, the coded data is indicative of an identity which is data

identifying the substrate. This enables the pen 101 to identify the substrate, such as whether the substrate

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

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



rather than a position on the surface. For exanple, if the tag represents
an object and corresponds to a wuser interface input elenent (e.g. a
command button), then the tag can directly identify the input elenent. A
sui t abl e separate novenent sensing neans for use with the alternative
enbodi ments 23 includes a pair of orthogonal acceleroneters 190 nounted in
a plane normal to the pen 101 axis. The acceleroneters 190 are shown in
Figures 10 and 9 in ghost outline Thes provi sion of the accel eroneters
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2. A sensing device according to claim1l1, wherein the sensing device

i ncludes a body portion and the 10 nib is acseparate conponent which is
attachabl e to and detachable fromthe bady portion. 3 A sensing device
according to claim1, wherein the sensing device includes an interrogating
device for obtaining the nib information fromthe nib. 15 4. A sensing
devi ce according to claim1l, wherein the surface-nmarking characteristic is
sel ected fGloms the group conprising: a nib shape, a nib size, a line width,
a color, and a texture. 5. A sensing device according to claim1, wherein
the nib includes a storage device for storing the nib information. 20 6 A
sensi ng dévi ce ‘aEBvIEdeYits forose Mgl hjutfacesthrotersing devigs inghiding mprotépavene@ cpigirediies a
storage S%Vﬂeﬁ& lanemeng lags iir{agattvlg%_f %gbnie% P rtmﬁs?% cﬁg@dﬁlbl@e ﬁ?fﬁ@@@ﬂ?&ce,@aﬁiﬁﬁorr A
sensigpng device accardin o claim2, wherein e bo qQrrion is in
Shape of _ B ETH e @ et [og ribpiing g mavefn™ 44 S g P TR “BREFSINE ] on
of the penhe i toAcgamt sygeralahe niteinfagoodindigtitgmt Bhsaomsdrfacd-markigdharaaigisticchf rhg  a
code sensqg 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 |east one
ref er ence 2poi ntA @hsidghievicetkdortig, to tilkig 1T WhdreiNths QRASEY devidDind@ieIbdaP PériiGhtn€ the t O

te t t data .usi t | [ tg. . 9. A. [ devi
ol ng hee ERkTR et raihe PReEE naf” BepDe REh Bk #0Pr al 1 1y of ¢ ags.

each tag being indicative of a |location of the tag on the surface. 35 10.

A Se_nSi ng SdeVi %eseﬁsﬁﬁ(ag\qger&gco¥dgngQ$ éﬂuﬁ@ lgl-whefréﬁ{ &p?eﬁs';%r}ﬁl/i%&gle@an%gﬁ)g§cﬁ?§%ce
configured to generate sensi ng coded data di sposed on the Surface,
t

g ite, by
i dentity debeirighesp nfamdien fomtbembtity of a region of the surface, the
coded data being indicative of an identity of at |east one region of the

surfgce, the tion _sensor bei confirgured to incl.ude the identity.data
T the ovement: Haits TR el 19 i hih BE oleRel el Goracdipds O Ml 68
wher ei n t [ths geovplecthpasiteaa tiyehhnechasb sizepd line widihy 3/colsk, apdgfextureach tag bei ng
indicative of an identity of a region of the surface within which the tag
lies. 12. A sensin gevi ce according to claiml1, further including at | east
one accel érati @ﬁe%gg‘ﬁ Bvﬂceé‘éfﬂ’FlF’éﬁPrcé‘ifngoWhe§md@fél? inelades, 2 Yerpgs datie dor stpgpggthe nib

i ndi cati vénf@hatecel erati on of the sensing device as the sensing device
noveg relative to the surface, the notion sensor being configured to
generate the novenent data using the acceleration data. 13. A sensing

devi ce acéor di Agsersireckvsercaopdingipstaim b whsesingheehdngadeviemingedes o stolage depind fogur ed

to sense gbringliRIHintbiMRtichURBhendveddnt dat0r t hogonal conponents of accel erati on.
10 14. A sensing device according to claim1, further including an i mage

sensor, the inage sensor being configured to generate, by imaging the
surface ifi. t he Awksingddvice adcortling tosciains 2, rvgperelie vtie bedy poniag i irckhd shape toh&pemabd themib

25 is attachable to a longitudinal end portion of the pen.

8. 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

30 being configured to generate the movement data using the location data.

9. A sensing device according to claim 8, wherein the coded data includes a plurality of tags, each tag

being indicative of a location of the tag on the surface.

35 10. 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.



sensor being configured to generate the novenent data using the inage data.
15 15. A sensing device according to claim1, wherein the nib information
includes a nib identifier, the conputepssystemmintains nib style

i nformati on which describes at |east one surface-marking characteristic of
the nib, and the nib style information is accessible using the nib
identifier. 16. A sensing device according to claiml1, wherein the nib

i nfornmati am i s Adessingidevikie agbiding toodair 16, whetih B cod2ddatsSisahalbsait phehlind of Fagd, beeh ag b.

17. A Sys%glﬁ%mggatlge%qg 1dénﬁ§89arfegg f[HeLtﬁ%&mﬁm%kﬂﬁ&a ge on a surface U.Si ng

a sensing Ice as C e systentincludi ng the sensing
device, and a conputer systemincluding a receiver configured to receive

novenment data adnsib bevﬁc@ta&wa {o@Rinf r AthdrR SRS g oﬂ%ydeﬁﬁmontsa@or@&fﬁgu&ﬁs
syst beln conf%gured tQ. ret the nnvenent dat.a and ni b

i nf orhvat i &R ‘3‘5 aPREHY P r‘ﬁdF@“’B?f]af‘F? ragqnof g sensag depceds e STEEBFdINE TH M1 ai m
17, furt hesthé sucthcediengption suspif tring cdnéiguradgo godedthaabtvametit dgeosinglthelgodierdtiondata.
surface according to any one of clains 8 to 11. 30

13. A sensing device according to claim 12, wherein the acceleration sensor is configured to sense at

least two substantially orthogonal components of acceleration.

10
14. A sensing device according to claim 1, further including 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.

15 15. A sensing device according to claim 1, wherein the nib information 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.

16. A sensing device according to claim 1, wherein the nib information is also indicative of a function

20 associated with the nib.

17. A system for capturing a facsimile of a stroke made on a surface using a sensing device as claimed in
claim 1, the system including the sensing device, and a computer system including a receiver configured to
receive movement data and nib information from the sensing device, the computer system being configured to

25 interpret the movement data and nib information as the facsimile of the stroke.

18. A system according to claim 17, further including a surface having coded data disposed upon the

surface according to any one of claims 8§ to 11.

30



