", e3ej *792234j 5666T*7GXA Field of the invention The present invention
relates to a pen-shaped data i nput device. Background of the invention s

Currently, there are four main types of pen-shaped device uﬂwmmm’
information fromusers for output information to conputing ﬂlmmw
most popular method is to use an electronic surface, such as a digi al
white board, a digitising tab'lb\etE _g toe!iﬁh! téqrelﬁg‘e%%g so on. A pen or any
ot her hand held pen-Ilike tool on the electronic
surface. Th _ig | ectronjc surface will output information about the pen's
nmovenent s tg'—%\—égﬁ@a@m&evi ce to which the electronic surface is
connected. As the pen's novenents on the surface are nonitored by neans of

detect | on MTRBHeSARR iVErition ldled BPa pehisHeped A i BBYYCS are called the

Surface Digitiser Approac e port Ity of such an electronic surface,
as conpared to sinply ~s carrying a pen, is limted. Various technol ogies,
e.g. capaci Bagkamuadef the iniestione pl ates, electric field surfaces,

el ectromagnetic surfaces etc. have been used to devel op such equi pnment. A

second appr i,S t S n-like.devi ONpRL L S .digital,c ra and
an i magep pr g@‘i&%@ ftﬁ?'%o%trsaﬁ UL af 9196 %ﬁrﬁﬂhﬁgh%@§$gqﬁgéceoﬁjséaspeiﬁ@'tl y 20
desi gned suirffeaeatisrefrémplisars fordutpieinforition a6 copuling devices. over the
surface. One exanple of such predeterm ned patterns is a lattice structure

of invisible pre-designed dots %1}) Such a dot, pattern ic?] used for tracing
the | ocus ofl NEdRGSLRQRUIFIgNEthoskia 40 ush@niactroie SHEaPRSUNAS § digita! white t he
nmechani sms I f td il an, Ab hal

desi gned su?’? ég}é?g e%@éggé]getao{%hpér%%lér&%%g gf)daggi \'?‘eH%% e?aerﬁgglﬁ'e%ﬂagdi S

t he maj or dheltbaeh-like tée poultdabel used dodwsiterpdn dheyelettrohics safac@adhe

Furthernore, as a,huge nunber of images have to be contj nuousl apt ur ed
for accdfat @IQCZ@@!-P ﬁ?’ﬁ‘@@@sw g OUtRME 'B&W@QOPe%RF?LFe@’q 8egé m&ﬁdtoaahi gh
precision i i Y, L I aw i Of ~eal i is
Dery sensi t PoaREAngIqALS 1S3ibh 1RE cldotrdgt, SuHaBe 18 cofbtien ACER s
occl usi ons movemeerdptarctiie surdace avy nenitorgd byuvears b detection meghamisms

approach is based on tracking and sensing the noti.pn f &h en_pby..

enpl oying " Qk'ﬁ‘tser'ﬂtg! quer §|f'_ ?%%céHGh nfﬂq?‘aﬁjgénéf%gc%%\ﬂségg gﬂﬁﬁgﬁspbgg?‘?ronary
infrared, UlADbASATH. THY pofitalafty GTEeichan dlecBbnicRifaceX hScdMparea 16 Rémply

t echni ques have linitations due to occlusions, interference and noi se, and

al so redii r 628YIRGNY PeRpisnlimiied.aviariausnisicbrolegisis: edhdapaeiive iatesheesislivet h

20D oach | gt Bofl 150 ot SHERIRBIn SR TR, e oRRS B

directly todehelogasuchesyuipmentsensors give output signals indicative of the
notions of such a device. Two types of sensors are essential for inertial
measurenent: | o accel eroneters and g roscgée, . An accel eroneter detects the

force (F) aAsRRRANGARATOBRY IS spupe.8 REP-lkenedss campsiing » ol Grenera ane
ot i LTRSS R obbcall gl U0 s s bl
20 designed surface are captured by the camera as the pen moves over the

surface. One example of such predetermined patterns is a lattice structure of

invisible pre-designed dots [1]. Such a dot pattern is used for tracing the locus of

hand writing strokes. The pen-like device itself contains the mechanisms for the

detection of the tip’s position, but the specially designed surface is necessary to

25  provide a passive reference. This is the major drawback in the portability and
simplicity of this approach. Furthermore, as a huge number of images have to

be continuously captured for accurate image processing, the device requires

large memory and a high precision imaging system. Additionally, this kind of

optical recording is very sensitive to optical disturbances. Pixel noise, shadows,

30 and occlusions in the optical field may easily cause errors.
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"is Second Law. A gyroscope is a device which neasures a rotational angul ar
vel ocity that causes a Coriolis Force effect according to the Coriolis
Equation: Fcor~or~s = -2m~~ X v, ) where 20 ~ denotes the angular velocity
of the rotating franme of reference; and vY denotes the velocity in a
rotating frame; and m denotes the mass. 3Fhis force is neasured, and the

Getect angufed ATPRERLS BBk h ol Sttt ' BBebE St W oy T
necessary t enigicying rextehdllyoRfe@nceat prstion-sénshd lievikes kit BSI stafiohary of

accel eroneters and gyroscopes are well known and are not repeated in this
text. Many M@é@d,cwg'gsn@meorb\gdﬂo cenaras dd Sh Jahdgxterna sensingetechgiquesne

are describ i N e ] : e icat.yo [ .6 .S
There are sﬁgv%g@f e@ﬂ%f(mer géa%(g:nﬂ%&o;rﬂsgﬁﬁfeﬁf‘éé@@#e %P‘g ?‘gﬁééa? btb)néa‘rs’o J%&r?’ gés of

f r eedom saindnidnyad qieinsivel ardegsrapiexafdditiopatidevicedi ch conpl etel y describe the
novenment of a pen shaft. In order to keep the structural design sinple,

sonme of the_patented nethods [6-9] did pot neasure all the ire
o or mat | on TRGJoUE APBEATR OISR ABINRIUNEMEas e TRy ks ST IS4l VB

oS SR PR O (98 b o b o

Japanese patent application sed suffticlent
accel er onet directhntd therdevicgse Thesensasagive loutput sigmatsriedarative fof dhe endtions
was too co enented.in a

novenent, buf the structural  desi l.ex .t o be. inpl ]
hand hol @ pahstika Qe olwe L of $7o0e AR SSEHMEL g el DRSS EpBSE opes
vere usegl. becelImeterPhnd Bgrdsepesi on The present invention ainms to

provi de a new and useful pén-shaped data input device. In general terns,

the invention proposes a data input device conprising a shaft, exactly one
gyr oscope wAncdcogieromeder detegisgiiedprage(Fdoa smafmass onheppliesnto enwessurehar t

aeler
and two acc : rs . which r S NRY r he accel erations of two
spaced apar ?élﬁ%ﬁﬁgﬁ‘gég}%ph%cgﬁ%%?oﬁ lfhsi%mégggoé-sapart portions are
typically a top-end portion and a bottomend portion of the shaft when the
shaft is upright. The gyroscope is prefergbly arranged to be sensitive to
rotations about the 2s |ongitudinal axi%=gf the shaft. The two
accel eroneters neasure at |east five (pref"erabl y exactly five) acceleration
degrees of freedom These, and the one rotational degree of freedom
measur ed byaldmg gyr azisopeasadoget fiee fondamentzl yméebanichle prineiphet Newton's of

t he shaft. hus, he present invention nmakes possible a complete trackin
of 15 econd E_aw. P P P 9

A gyroscope is a device which measures a rotational angular velocity that

causes a Coriolis Force effect according to the Coriolis Equation:

F

Comons = —2m(@W X V,)
where

20 o denotes the angular velocity of the rotating frame of reference; and
v, denotes the velocity in a rotating frame; and

m denotes the mass.

This force is measured, and the angular velocity is then obtained by calculating
o from the equation. To detect angular velocities around dual axes or triple

25  axes, it is necessary to use more than one gyroscope.



" the shaft's novement using only one gyroscope. Brief description of the
figures Preferred features of the invention will now be described, for the
sake of s illustration only, with reference to the following figures in
which: Fig. 1 is a perspective view of an enbodi ment of the invention; and
Fig. 2 is a flowhart of a general trackikng system of the enbodi nent of

Fig. 1; and+fi . . finiti f P r.dj p used
by he to ehB AR afREpEE o bcgeBitoiotéhs 4 BRBSELRRY, B YR OMdrphy Ty
Coor di nat e Sgshetnepshied ingRiE tbyt.t he enbodi ment of Fig. 1; and Fig. 5 is the
definition of a Witing Coordi nate System (WCS) used by the enbodi nent of
Fig. 1; and is Fig. 6 illustrates the PCS of Fi%.r 3inrelation to the GCS
of Fig. 5; WNanyrrepearchas Naye feed eorducied i) study &f i Ratslike, IMS, (seanes@teand

The rotat | oo SANToa 9 PRIt f e Jbdrce U o BRI B RGNS P oS et o

accelerations at an initial stage; and 20 Fig. 9 illustrates translation
and rot ati ohefe tane gerdegraés dfr veedome consisting rof B Hranslatiarnad degtees dfi g.

3; d Fig.,.10,ill t .th tati f th haft of t i t
frompP to FBRdomsacsof rolatives AHOraRe G EresonEdhB kB RRIEN RS TBS e
enbodi ment  hivERdriHR@ Béh HRSHt. TRIOPISICOHRPB ISt FEId YR SiriMIEOSSPBEST as

conpared to existing prior arts whi i e keeping accurate trajectory tracking.
s Fig. 1 ilthepatentad methedsstadledidingtmeakeve &d thhirequired inforsmatiom, sertheof

ocel o oot Bkt sHFURUEE (BroMBhbo v A8 toheBTuREI hEinicady aesigaty,
One end@f [ipphitadle. US ;lse?t@gf Ri8. B2 [5] it JEhedl Buténtt Sprickfon . f eel

of a pen. The device sha e referred to"as a "pen" in what follows. io
The pr ocedu? e2%4240{ 122510} uaed sutlicient atcelatorpeters end gycancopaadusense @lver t

th b 3,5 7 4 ig. ' d i f
the o1 x degPBmaTBMaischianPars Taistadt Bl Iristhen(Hal aESRR M lRahal"® ©
mechani sm Ceg beeinsilgépted M @ hadd Hdkd perrkeetévice ( e3pscill becalisgrawesent s
in terms of continuous accel erations and angular is velocities; and (ii)

cal cul at i ngSingie-axigjayEesRaPes waretysedpen' s t apered end based on these sensor
measurenents. The triple-axis acceleroneter 5 of Fig. 1 is |ocated at Point

A towar gs t?‘ﬁrﬁrﬁBBé@ﬂPSri‘ﬁbéﬂtiohhe pen 9, having the Z-axis along the
| ongi t udi nal™ ax

The present invention aims to provide a new and useful pen-shaped data input
device.

In general terms, the invention proposes a data input device comprising a shaft,
exactly one gyroscope which measures an angular velocity of a rotation of the

20 shaft, and two accelerometers which respectively measure the accelerations of
two spaced apart portions of the shaft.

The two spaced-apart portions are typically a top-end portion and a bottom-end
portion of the shaft when the shaft is upright.

The gyroscope is preferably arranged to be sensitive to rotations about the
25  longitudinal axis of the shaft.

The two accelerometers measure at least five (preferably exactly five)
acceleration degrees of freedom. These, and the one rotational degree of

freedom measured by the gyroscope, together completely describe the motion



' 20 pen shaft 1 pointing towards the tail 8 of the pen shaft 1. The X-Y

pl ane of the triple axis acceleroneter 5 is perpendicular to the pen's

| ongi tudi nal axis 2. The dual -axis acceleronmeter 3 is |located at Point B
towards the end of the pen shaft 1. The X-Y plane of the acceleroneter 3 is
oriented parallel to that of the tripleaxi s acceleroneter 5 and the origin

is also |oc o i J ks : e ;

ayr oscope 7oLiEa sk M DRSSP ImERtGs osles Rotsiel FamipRle B
pen shaft 1the%thaf8§ﬁ$cﬁfe$n@1t€usn’1gﬁ@t¢|§ioﬁillecg‘ygoskd@d ongl tudi nal axis 2 of the
pen shaft 1 to ensure a sensing structure conpact in size. These sensors
produce si xme?aur ement Qut | ts? five accelerations along the XA YA ZA
XB and YB a¥ S galld¥ ®Pe| ocity around the ZA axis. Fromthese six
30 sensing pararreters the traj ectory of pen's tip-end 9 at the Point P in
the 6 dr apré@reanfdiful’ b¥ 9He IH{'/@rﬁtﬁfnanW rﬁﬁ(rv%eﬁ%le@éﬂllﬁ’éd Ofpruthiel sdke of
integrated into the pen as shown in Fig. 1. To facilitate the trajectory
cal cul at $ onjllustratien ooly; dithaeterepes Meafottowlegmgedes m which: enrbodi nent: a Pen

Coordi nate System (PCS) shown in Fig. 3, a Gavity s Coordinate System

(O3 oA i oen T P B BB o o Sretem

pen shaft 1 define the PCS as shown in Fig. 3 The origin, denoted as P,
represents Fhge 2 ispa floWchaftfioft geperal staekinglsysiéra ofRhedmbddinieds of tRig.t he

| ongi tudi nal axis 2 of the pen shaft 1, to which is aligned to the ZA axis
of the tri p?@dam s acceleroneter 5 and to the longitudinal axis 2 of the
gyroscope 7. The XP and YP axes have the sane directions as the respecti ve
X and Y- axeg;pf at e I t pl(ggé tg

three unit- \$/:eg(2t:c3)rrs;é 5@M%mﬁg?rogn§cgéﬁe§%§r ér?g t§$ZP XP an §§(§ ag
respect ilwel gmheldimehbofFign1Fand 3. is 2. The GCS, Fig. 4, is fixed at the
initial stage of a tracki ng process. The origin, denoted by G i s defined

DY the al't ol RS shecte f'ténhgaﬁaﬁ@tv?{s'n@wfgmqteTéstfaéeea (E6S) 1t By "Rl °

defined accapfjoimbAt &fFgPenad ori entation at the initial stage so that the
Pen's | ongitude axis ZP |s 1yi ng at t he positive quadrant region of the 20

Y~-Z~ plane_ as_shown in Fig. I f the information concerni a witing

surface on Wigd.ch 'SH@ep@ﬂln‘rﬁﬁfe@fl% Wﬁm Gaprdinates \Bystem GVES) e‘éﬁet%gyd'@ﬁot ed

by the ori gb de‘?rHQn{E(S‘PFSX?S YWand ZWis defined with relation to the
GCS. is shown'in 'ease note that, in this mathemati cal

represent ation, the scal ars are denoted in 2s nornal case, e.g. x, rli,
whi | e vegt oFig.& ilusteates dlde PCS ofiBigc 83 rdlatick trcthe GCS. offfRg. Byrmhdratri ces in
uppercase bol dface, e.g. T. The subscripts of P, G and Wdenote the vectors

in the PCS, d tively. Ki t
or i ent at 1 onF & ARG hE BB et BoYRGIART P gNog oS ARSI iacti ve
inthis sysigm The translation of the PCS rel atlve to the 30 GCS

represents the trajectory of the pen's tip-end 9 and is denoted by the 5
to 15 displacenent between the origins of PCS and GCS, tG The orientation

of the pen §ithf8 |||U§tl’étﬂ‘$o’tf@dr%@“qu$b|n:b@MﬁQﬁhﬂ'@sm&atlehéni]'ﬁﬁtdﬁf@@ﬂdﬂsﬁgﬂ qP
and rP and i t [ d pG qG
and rG As shha rﬁeéﬁ}g@ﬁ{e\‘\gvéf&%@ olfoI i afaﬂe@el‘gpétfb%saﬁanﬁﬁ@g eég ﬁﬁaact ual
pen shaft at sonme tine in the tracking process, and by renoving the

di spl aceorenFigf9 tlstr&€S traristationf arahrdtatiorCeSther pei shaft fremdtisieedol time +an

i mage indicates the orientation of the PCS in the GCS. The novenent of a
rigid body, I theePEReOf, tﬁég St in the present enbodi nent, can be deconposed
into two types of transformations, a translational and a rotational. The

coor et e e ALAPARE M RSale FERAGIR! 45 b B AERIFARYSRbh PP 0 ©

fourth col um1 and rotation by the top-left 3x3 matrix, with a 4x 1 vector
formed by the 3D coordinate and a dummy fourth elenent "1", as shown in
Eq.( 1 ). v~r~rzr~t~v~v, z Yarsr6tzxvz=MXVz V3 Y7 Y8 YO t3 V 3V 3



1000111 (1) where vl v2 and v3 are the 3D coordinate s to be
transforned; and v~~, v2~ and v3 are the transfornmed 3D coordi nates; and
the 4x4 matrix contains 9 elenments, rl1 to r9, for rotation; and 3 el enents,
tltot3, for translation. 20 The transformation matrix, M shown in
equation (1 ), can be separated into a tganslation matrix, T, and a
rotati on manLLX. e . se of the actual pen shaft in GCS
defi ned by Er'tB LA I% ém (ﬂ ¢ n of coordinates fromthe PCS to
the GCS is defined by 81 00NnTO0O10tc(2) 001V0OO0OO0O1InnnOR

__ 9c rc PcTRe \pr¥sdhtCembadPndntnis designdd & Liee mbfe decslersmetees landnfewest or
with three el enents, siml ar%é/ \% apgl led to other colum vectors. .

Addi t i onal | §YrOsR@PeY A& ceRINsRd &9 existing prigrprtpavhile kaeping arcutats trajegidyned
by the rot aq._'haa angles, ~, ~p and B, around axes in terns of the right
hand rul e. e rotational matrix conversion matrix fromthe PCS to the GCS
is defined by RP-.c = Rx~ (~) x Rv~ (~P) x RZ~ (8) _ (4) 1000cos ~p0O sin
~pOcos B sFig. B diwtratash aspem-ebaped snpuicdedc® which 38 rdn emdiodiment iofitpe0
cos=p invention. It includes a shaft 1 and three sensors: one 2D accelerometer 3, one
3D accelerometer 5 and one single-axis gyroscope 7. One end of the shaft is
tapered in the present embodiment to give the feel of a pen. The device shall

be referred to as a “pen” in what follows.

10  The procedure for tracking movements of the pen is to continuously convert the
measurements by the sensors 3,5,7 in Fig. 1 into data representative of the six
degrees of freedom of movement of the pen. The measurement mechanism can
be divided into two sub-components:

(i) sensing of movements in terms of continuous accelerations and angular
15 velocities; and

(ii) calculating the trajectories of the pen’s tapered end based on these sensor
measurements.

The ftriple-axis accelerometer 5 of Fig. 1 is located at Point A towards the
tapered end of the pen 9, having the Z-axis along the longitudinal axis 2 of the
20  pen shaft 1 pointing towards the tail 8 of the pen shaft 1. The X-Y plane of the
triple axis accelerometer 5 is perpendicular to the pen’s longitudinal axis 2. The
dual-axis accelerometer 3 is located at Point B towards the end of the pen shaft
1. The X-Y plane of the accelerometer 3 is oriented parallel to that of the triple-
axis accelerometer 5 and the origin is also located on the longitudinal axis 2 of
25 the pen shaft 1. The gyroscope 7 at Point C is also aligned to the longitudinal
axis 2 of the pen shaft 1. All sensors are placed along the longitudinal axis 2 of
the pen shaft 1 to ensure a sensing structure compact in size. These sensors
produce six measurement outputs, five accelerations along the Xa, Ya, Za, Xg
and Yg axes, and one angular velocity around the Z, axis. From these six
30 sensing parameters, the trajectory of pen's tip-end 9 at the Point P in the



' 0x 0 0 1 0000100 0100 O 1 Additionally, the transformation fromthe GCS to
the PCSis just the inverse of io these matrices, Tc~P = TP',c and Rc ,P =
RP',c . Having a transformation matrix, M is theoretically equivalent to
know ng the six paraneters, three-dinmensional translation values (x, vy, z)
and three-axis rotation angles, but noregconputationally tractabl e because

ot ocedur o oftARe R, B8 EHBY) BesTBPE P Rl Bt 4, BeddtBigiiit Yo e
as a fl owchpeh asshowgh inFigFt.om t he system point of view, it is to convert

t he 9 six sensing neasurenents into the actual novenents of the pen's
tip-end by a serjes of cul ations and conversigns. s |t is assyned that

I cal, )
the pen keep® TAfilitate tae Jrajectary calculptiomctheee coprdingls; systeins @fe dadiesdnt
trajectory. S o g L4000, ql t ; pasithpansof the
PCS and theth-c‘)-ér]reen a"i%gh{]’o% Fi%l}nség ﬁﬁ'&%ﬁgxse%ﬁleﬁ msgﬁ&g?éﬁﬁ%ﬁ' ?nda%%t? 7.
Bot h origi nSooadinated8ysatent &G shaln dhakig, 4t adebptiendllyeat Waiting<suriace

matrix is ap identjt trix jnitially: 10000100 TP-~G (0) = TG ~P
(0) OO I ogﬁ@atf gﬁwpbgaﬁélﬁlsitét%&ﬁ‘tﬁ'en ry at the initial stage, the
accel eronmeter 5 neasures the 3D accelerations in the PCS's axes pointing to
the negative dTHeeEéhOéhothet BEndors BontaiAed G We tpén' shdfhe @sting fHer PESREE! Ng

on the pen. In other words, It gives the projection of the unit vector

pG&0) in the Fbewn XPFigyd.afhe Bpgiax denated  as B, 0ppresgnty the tip-ond 9 (@)the v(0)

" v(0) where is x(,0 0) -and. z ar he r nt »0f. 1.C

aCC((aI Zar ati ons RS é}hgeﬂ égﬁré% gF’% I%%esde[n% hbe IPﬁﬁ@‘ﬁPgIg)g%8;°f§ﬁ%%§b(ﬂ@ﬂx1(’0) 2
+y(0) Z 1¢(0) z WRicRas augred ke thed Zi ax@s sLtRROtripte-Bgis| abcebréinetdres ¥nd4o thkane
initially, the rotation, representing the orientation, can be deconposed

i nto rotating lengituslingd axivdref thedyreseopes?. TheXerandhtprixes haug e samand

he X g E C bt _ pirt .

W(0) y(0) - o(UteRRohn i n isretlfl X 8RA(Y-AReb U 8 Gld BEdlbRuctels 3.

equations: cosTHg POS 13)also sienotddby (Hiee .unitt®ctere e, 'qe and rp, corresponding
to Zp, Xp and Yp axes respectively, all shown in Fig. 3.

15 2. The GCS, Fig. 4, is fixed at the initial stage of a tracking process. The origin,
denoted by G, is defined by the initial position of the PCS’s origin, P. The Zg
axis always points to the direction opposite to gravitational pull. The Xg and
Y¢ axes are defined according to the Pen’s orientation at the initial stage so
that the Pen’s longitude axis Zp is lying at the positive quadrant region of the

20 Ys-Zc plane, as shown in Fig. 4.

3. If the information concerning a writing surface on which the pen moves is
known to the system, a fixed WCS denoted by the origin W and the axes Xy,
Yw and Zy is defined with relation to the GCS. It is shown in Fig. 5.

Please note that, in this mathematical representation, the scalars are denoted in

25 normal case, e.g. X, r1, while vectors are denoted in lowercase boldface, e.g.
pe, and matrices in uppercase boldface, e.g. T. The subscripts of P, G and W
denote the vectors in the PCS, GCS and WCS, respectively.

Tracking the position and orientation of the PCS in the GCS as shown in Fig. 6
is the key objective in this system. The translation of the PCS relative to the
30 GCS represents the trajectory of the pen’s tip-end 9 and is denoted by the



10 cos ~ = z(0) ; sin ~ =u(0) ; v(0) v(0) where a = x(0)2 +y(0)2
Therefore, the rotation matri x converting coordinates fromthe PCS to the
GCS becomes 1 0 0 0 cos B- sinB0OOOcos ~- sin~0sinBcos BOOS5R
P~ 0sin~cos ~0X001000010001y(0)_x(0)0 Ou(0O)u(o)_

x(0)z(0)- y(0)z(0)u(0) Ou(0)v(0)u(0)v(0)y(0)- x(0)- y(0)- z(0)

Ov(0) v(0) v( ri t ot he . AS It

i nverse: 8%8%%?%61{?%9 \%% ﬁg 0?5 héfs%bgm 3’&@%‘?%{9 SW%”réf'ggi?Egﬁfoﬁltﬁ?
define the P&% shaft@sletiotéd ®yi thet dodrdinbi@eof thHe WHeDetBrs phagkidhd B aR@sSs
starts, the six sensors neasure the accel erations and angul ar vel ocity at
regul ar |nt31€\Vd19éath§H@C@tIQ’f’§smtﬁCﬁgN|m§hdﬁ eapresented By Rhidld aM@FeaAs 8BOWR. The
gyr oscope 7, s r e

sensors 3, 5IanIE sgre %&eﬁa@&g# Té{@ é#éiggﬁ?ér/lvgﬁu\%&%? Piquﬁiag%g&lel {H@Fuﬁl ng
the gravs t atheotrackimg brocess] bad fgnrermhoving thendisplicesienit iocth:é ROS okdintffomand
the is dynam c_accel erations due to pen's npvenents, %2 As the system
cont i nuous! HenBkiS Brigin; the dashastling Bﬁ% ippgersiicates th@lof' ptaties ofthe Flent ed
by the rotajjpr @gegrix RGP (f), the effect of constant gravitational pull
on the sensors can be calculated by nultiplying RGP (f) with the universal
constant g. Then, the five dynam c accel erations, aP(t), can be separated
fromthe Zngeanovanenhaf aeigiéd:od(ynllkdnéhes@eaoshafbh{stheepmsest emttoeilmbat, t he

I t the Z- h I t 5 a
aoe. bocaugah 5t HeBoRREsd b fi, hutpe.ph ke hETRBRG « o dransiatinel Bnd"S
Ther ef o, thé!ﬁ)ri’élc?h@rc%b'rdlﬂatéairéﬁs%ﬁg ??Pf:éhcﬁeematﬁé}néﬂ@éll?%e%&i By

dynam c accel erations exper| enced accel eroneters y O
assuned t hamuith:éylag cefted anatoins r@melsemlglgl manslatiac by yhe dinsti three etamnmtam:f

val ues bet n t. to the n xt S ti f +0t. The new PCS | ocati ons
of Point A sl caii AT Ao BN thenpeleBo Aty Wik Bghat MRGEH he
acceleratio u n v, f ol | the

oo < 2 i 8 the 30 o feds 6 uimp ot ) il T RIUBMANG

~t Znew - ZBhd1¥ 1 az ~t2 + V2 & P...dv =v + a ~t riiwxo~A XP v, =v
+a, of f twvnlA~PV=V+aQ Zncw nlA ZP (5) to Simlarly, the angle

of rotation around the |longitudinal axis 2 as_shown in Fig. 1 of the pen is
cal cul ated based on the anfullar| wekociit y, pht'aijned ffemthe gyroscope 7

V' Y, ¥ ¥, t V. v

15 '2 = 4 5 6 2 % 2 = M X 2 ( 1 )
V3 koK LW V3
1 0 0 0 1 1 1

where v4, v» and v3 are the 3D coordinate s to be transformed; and
v4, vo and v; are the transformed 3D coordinates; and
the 4x4 matrix contains 9 elements, r; to ro, for rotation; and
3 elements, t; to t3, for translation.

20  The transformation matrix, M, shown in equation (1), can be separated into a
translation matrix, T, and a rotation matrix, R, i.e. M=TxR. In the case of the
actual pen shaft in GCS defined by ts, pe, dc and rg, the conversion of
coordinates from the PCS to the GCS is defined by



B=r.~2Z, ~t (6) As illustrated in Fig. 9, this translational and
rotational novenent can be is deconposed into a rotation matrix RP (t -~ t
+Qt) and a translation matrix Tp (t ~t + &) in the PCS: The pen, at al
times represented by pP which describes the shaft's |ongitudinal axis, is
first rotated around the ZP axis by the B degrees calculated fromthe
gyroscope. Then it is rotated around Pe YP, axis by ~p degree, then around
XP 20 axis by ~ degrees to the orient i&n(}eﬁ? sented by the vector ppl.
Finally it is translated to the positijonlof0vegtor pP2. Since, {he old
positions A and B as shown in Figbﬁﬂ= 6 binE U nd t he neM/po%?ﬂions A2 and
B2 as shown in Fig. 9 at tine t+~t are all known, the unit vector pPis (O,
0, 1) and the pP2 is equal to 12 xB2 0 xA~1lyet - y~~ zBZ - zAz ~AB~
~AB~ ' ~AB~ which is also equal to the unit vector pP~ with the sane
orientation, where ~ AB ~ denotes the Euclidean di stance between A and B.
Rotati ng B degrees around the ZP axi|s"cam bensiply represented by cos B -
sin BOOsinBcos BOOS5 RzZr (B) 0 91,0 0p 01 Rotating the unit
vector pP to the pP~is illustiRatgelin Fi§. £0 if the coordi neé8ds of the
unit vector pP~ are denoted as (x, Y|, “z) " The dﬁ is first rotated to the
pP" by ~p degree around YP, then rotjaped @ o ohel pP2 by ~ degree around XP.
Therefore, the io rotation matrix is obtained as 1 0 0 0 cos ~p O sin ~p O
O0Ocos ~-sin~00100RP~"P~Z=RX"'" (~) X RY" (~) =0sin~ cos ~
OX - sin~-p0cos ~p0OOh0O0100O01wierecos ~p=a, Ssintp =x, cos

e 1 ot 5B TSt 5 Ao wh S G AP

position A~ = pPl1 xI ASPW where ~ ASP ~ is the Euclidean distance between
A~ and origin

P,, the transl ation vectaqr.can be determ ned t P= A~ .
The L1 ans! SePRlischia siher FRTYTN VaGiors. AAgIpaaG e prisetatoniofing aciNahpeny ¢ p
5 shaft in GCS is defined by the rotational angles, ¢, ¢ andg, around axes in
terms of the right hand rule. The rotational matrix conversion matrix from the

PCS to the GCS is defined by

Ric =Ry (9 xRy (9)xR; (0) =

1 0 0 0 cosp 0 sing 0| |cos§ —sing 0 O
0 cos¢ —sing O 0 1 0 Of [sin@ cos@ O O
0 sing cosg O * —sing 0 cosp O * 0 0 10
0 o0 0 1 0 0 0 1 0 0 0 1

Additionally, the transformation from the GCS to the PCS is just the inverse of

10 these matrices, T, =T,.; and R,_, =R;. .

Having a transformation matrix, M, is theoretically equivalent to knowing the six
parameters, three-dimensional translation values (x, y, z) and three-axis rotation
angles, but more computationally tractable because all calculations can be done

in matrix multiplication.

15 The entire procedure of tracking the trajectory of the pen’s tip-end in GCS is
shown as a flowchart in Fig. 2. From the system point of view, it is to convert the



TP (t --~t + Q) =001a0001Since the PCS vectors change during the
nmeasurenment intervals, the velocity of the sensors in the new PCS is
calculated as v P (t + ~t) = RP (t -~t + ~t) X v,~ew, s to where vneW=
(vx "r, , v="Y" , vl" " ) is the velocity calculated in the current PCS.
As the position and orientation of the pegn shaft are referenced to the

Do be. conver Rt RS iacadits T Re AR RO e AR of B Bty BRhENER [
cal cul at ed sgérigd ofcdiculbtiend andlconmareipet and rotation in the GCS fromtine

t to t+Q can be easily derived by multiplying the conversion matrices by
t he novements and rotations nmeasured and expressed
thal feg S

in PCS: T~ (t -~ a
= TP~~ (t) U igsgumed penrfgersn the static, stgfq alt_-t parting )o%}@t@fﬁh@: _~)

t + Q) .o i i t; i Fig.
5, has)beelnﬁqéjgkﬁlégg t@é‘??bp%@?ﬁ% |\§ﬁﬁﬂg¥)?lﬁg%r ang%:ﬁ]ee ?ggg’gplodr‘t 9
matri x R~ , ivg PCS anhtidhe@mientation ofoitetieee axestihdh\EEC8aarebshdwr ihEig. 7.

obt ai ned fr t he movenent, cqordi.nat es, by |tiplyjng these transform
mat ri ces. 2BV OOTRCCaipRdRatthe nilal ptagk, theretdrs the Jransiabion Mat is=an(; - +

t + Q) , ofgenbify M@l iitidg: GCS, the |l ocation of the pen's tip-end,
t~(t+dt)) and al’so the orientations of the noved PCS in the GCS at the next
sanpling time, p~(t+0t), g~(t+0t) and r~(f+0t), can be identified. The
position and rotation of the noved PCS relative 0 10 to the GCS is
redefined by TP~~ (t+~f) and RP~~ (t+Q) an ag e Jusg for the cal culation
at next sanpling time t+20t. MWL (g LtTagkong the pen' s paths of trajectory,
pen's witing novements nust be differentiat®dOfrdond hon-si gnificant
nmovenments. This is preferably achieved by s|yspng a fouch switch |ocated at
the pen tip. Wen the pen tip touches a solrd surface, it is considered as
the witing status, otherw se, the non-witing status. The flow of the
trajectory Wherctieopents ktatichary ait e Iiriiﬁtﬂctstbge,l:lih@- acteldrometér Brmeasures!
stage, the pen_is stationary. By neasuring the gravitational pull acting on
the stat9 onﬁ'l%/:”'aeﬁﬂceﬁﬁ@t'mﬁ i the Reatseaxsys pojating m%gegqiy@ecﬂﬁe,calﬁnug the

det er mi ned 9| e ud bhaVit)Ss BRD ORIy IbEE UGB thERTE 1RGMEHRSIRESR Yivds!the

respect
projection of the unit vector pg(0) in the PCS’s Xp, Yp and Zp axes as

(_x(O) _ (0 _z(O))
v(0)' v(0)  wO0)”

where

15 x(0), ¥(0) and z(0) are the measurement of static accelerations in the

accelerometers at the initial stage; and

W(0) = /x(0) + 3(0)* +2(0)? .

Because the Zp is assumed to be lying at the Yg-Z¢g plane initially, the rotation,
representing the orientation, can be decomposed into rotating 6 degree around

20 the Zg axis, then rotating ¢ degree around the Xg axis in the right-hand rule.
Based on the relationship of 6, ¢, x(0), ¥(0), z(0), u(0) and v(0) shown Fig. 8, it
has the following equations:

cos9=!@ ; sin6?=ic(—(D

u(0) u(0)



"to both the GCS and a PCS. (ii) Wen the pen noves, the dynam c states of
the sensors are neasured at regular intervals. The gyroscope produces a
val ue representing the angul ar velocity of the shaft about | ongitudinal
axis of the shaft. After conpensating for is the gravitational pull on the
accel eration sensors, and by relating thegorientations of the PCS vectors
to the CGCS, the acceleratlons due to witing notio can be obtained. (iii)
The velocities and translatig —of“ ;acceigpane s .can be cal cul ated by
integrating their accel erations. Wh the pen shabf0)has been noved, the 20
translations of the pen's tip-end and the rotations of the pen's pltch and
yaw (rotation of the pen in axes ot he | ongi tudi nal axis) can be
cal cul ated by applyi ng si npiwhereat-o(x@yakys®s.. The rotational novenent of

the pen's roll (rotation around the Iongitudi nal axis) is obtained directly
fromthe nmeasurenent of the gyroscope. (v relati n t he novenent
vectors in ﬂibereefgra,ﬁbeametlonheammwaftmgdzoqrd@a fr@mttihp 8 tartbe G@Sone

iterative sbg o tained. (v) A new |location and a new orientation of the
pen are cal cu at after every sanpling interval, and are referenced to for
t he next set of calculations in the next sanpling interval. 15 (vi) The
writing or non-witing nove ntsoof t e p@ 5@,gdiiglgrgen@i@ ed by a touch
switch | ocated at the penti\%.r apres xertedo (ﬂ witch fromthe
writing surface indicages a|wi%®P g sifel Qﬁ@ﬁw§8s of{writing state.
By continuously repeat Agf st epssih i ) cdsyp (0l ) Ohe tr@j ect opiles of the

ti p-end can be s tracked and,the,orie tatl f th pen sh ft can be
nonitored. The above tracki pr%cedu e | at ed sanpling to
the next until the end of a witing process Sorre of the rral n advant ages of

the enbodi nent include: to (ip) )speci flg(OSypes of paper, witing-tablets
or external reference deviceg a eeded-—= 0
u(0) u(0)
_x(0)z(0)  ¥(0)z(0)  u(0)
=1 u(0W(0) u(0O(0)  v(0)
() (U (V)]
v(0) v(0) v(0)
i 0 0 0 1]
The rotation matrix from the GCS to the PCS is its inverse:

10

15

20

R, (0)=(R,_;(0)"". These transformation matrices fully define the PCS in

GCS at the initial stage.

When the tracking process starts, the six sensors measure the accelerations
and angular velocity at regular intervals, the times being denoted as t and the
interval as Af. The gyroscope 7 measures the angular velocity as o, (f). The
acceleration sensors 3,5 measure the acceleration values in five directions,
including the gravitational pull on the pen at the initial static state, ge(f), and the
dynamic accelerations due to pen's movements, ap(f). As the system
continuously monitors the orientations of PCS axes in the GCS, represented by

the rotation matrix R, (f), the effect of constant gravitational pull on the
sensors can be calculated by multiplying R_,, (f) with the universal constant g.

Then, the five dynamic accelerations, ap(f), can be separated from the

gravitational effect on the sensor measurements. Note that the accelerations



" (ii) This enbodinent has a smaller size and costs |less than those of prior
art systens with simlar designs because of the reduced nunber of
gyroscopes, and yet it retains equivalent functionality. is (iii) Only six
inertial sensor neasurenents are needed to represent the novenents of a pen
shaft, equivalent to the conplete six degrees of freedom of a noving

object. (iv 000 ' r en,
1P end accticbBang Z5Ys EBo FodePridtalsL 5 ok e FRUE BRbats b 2%Res

r epr esent edakey aigstmaReigt thenhgitudinall 4xi9)! Tiearefars, fitey iaccdlecatidt valles are
handwri ti ng &%v_errents on solid surfaces can be distinguished fromthe
non-wr i ti ngSHHGIEREHOs represert the 3 damyc aacsaieralians xneriegcadi Py rboths
Ref er ences j tter) Hugosson O a and Faahraeus Christer, Device
And Met hod é&élﬁgcng%ﬁ%’%er—land-Wi tten Information, European Patent
W9960467 (Novenber 25, 1999). 16 [2] Ehud Baron, Victor Korsensky and
Oy Genbsshris agsunoet dimat thesaecelérations @ndi anggahaetbeity trenwain @S domistarit
5,977,958 (Novenber 2, 1999). [3] Nobuyasu Yamaguchi , Hiroshj hi kawa,
Yasuhi de | wiRHES befhyesp é'mﬁ}?fah’,é aexy SRR Bmediad; Thedew, &é RS US,
US Patent 5 33 YA S ' Rl LN {al:

Propri ocept |o€e vgcéd&r%eq’lf%rl\%tg?@- g%n??ﬁgca\fg?% g%ﬁegolb " ,ﬂ%dé?}'%%stpgrm
Jour nal , vobaccdeératidndjalugspin thd fintbinteriQO& by fo]lowagLtheregudtions: Takao | noue,

Et suko Fujisawa, Takashi Kitaguchi, Toshiyuki Furuta, Norihi ko Miurata and
M t suru Shingyouchi, Pen-Shaped Handwiting to | nput Apparatus Using

Accel eroneters and Gy °S+C§9§itaﬂgmfﬂ Associ ag,i‘(v:l =v, +a, At

new old
=y + 1 A2 +v, At =v. +a, At (5)
Yoew = Youd Eavp vv(.m vvmw - vvnm a"P
_ 1 2 —
Zpew = Zo T Eazp A" + vznld At vchw - vznm + aZP At

10  Similarly, the angle of rotation around the longitudinal axis 2 as shown in Fig. 1
of the pen is calculated based on the angular velocity obtained from the
gyroscope 7.

0 =w, At (6)

As illustrated in Fig. 9, this translational and rotational movement can be
15 decomposed into a rotation matrix R,(t > ¢+Af) and a translation matrix

T, (t = t+ Af) in the PCS:

The pen, at all times represented by pp which describes the shaft’s longitudinal
axis, is first rotated around the Zp axis by the 6 degrees calculated from the
gyroscope. Then it is rotated around the Yp axis by ¢ degree, then around Xp
20 axis by ¢ degrees to the orientation represented by the vector pp4. Finally it is
translated to the position of vector pp.. Since the old positions A and B as
shown in Fig. 9 at time f and the new positions Az and B, as shown in Fig. 9 at
time t+At are all known, the unit vector pe is (0, 0, 1) and the pp2 is equal to :



Oper ati onal Device for Determ ning Pen Mouvenent, US Patent 6,229,102 (Muy
8, 2001 ). [6] Japanese Lai d-Open Patent No.6-6779911994. [7] Japanese
Lai d- Open Patent No. 6-230886/1994. is [8] Japanese Lai d- Open Pat ent
No. 7- 947161 1995. [9] Japanese Lai d- Open Patent No.7-200127/1995. [10]
Japanese Lai d- Qpen Patent No. 7-294240/199b. 20 a Clains 1. A data input
devi ce conprising a shaft, exactly one gyroscope whi ch neasures an angul ar
velocity of a rotation of the*shats,, afwl tXwe adeel éropeters which
respectively neasure the accel epg|i ons pABtWO spaggd- apart portions of s
the shaft. 2. A data input device according to claim’ in which
measurenents of 5 accel erations and one rotational novenent are indicative
of the six wigheissaled efjualdddhe ahitvettonppeivithitbe shafe oriéhtatioratvteerenput
device according to claim1 or claim2 further conmprising to cal cul ation

et ce. whi B AGhaTRR LGB, e RS A SRR nomr 1 11 ng. moverent s

5. A data input device according to claiml1, claim2, claim3 or claim4
further conmRotatintPoAcBFRESAOANG TS Z laXR éarpbél&inﬂﬂ?r@m@seﬁteaw shaft, the
tip is providing an output indicative of the shaft's contact wth a solid
surface. 6. A data input device according to any preceding claimfurther
i ncl udi ng out put means for outputtinpcdsBf orsABI AN Oepresenting on the
novenents and positions of the shaft sdg A gOéTbip”lab on of a data input
device agcording to claim6 am, agye c}%rrpuf‘l%‘ng evi¢ce arranged to receive
the information output by the oltput|nBans. 0 10

0 0 0 1

Rotating the unit vector pp to the pp; is illustrated in Fig. 10 if the coordinates of

the unit vector pp; are denoted as (x, y, z). The pe is first rotated to the pp’ by ¢

degree around Yp, then rotated to the pp2 by ¢ degree around Xp. Therefore, the
10  rotation matrix is obtained as

1 0 0 0 cosp 0 sing O
0 cosg -sing O 0 | 0 0
R, =Rx, (@)xR, (p)= . x|
Pr=Pp2 0 sing cos¢g O |[—sing O cosp O
0 O 0 1 0 0 0 1

: z )
where cosgp =u, sinp=x, cos¢g =—, s1n¢=—l and u =4y’ +z% .
u u

Then, the complete rotation matrix is derived as

R,(t—>t+At)=R

Ppr—=>Ppra

xR, ().

15 By having the position Ay = pp1 x| A1P |, where | A4P | is the Euclidean distance
between A¢ and origin P, the translation vector can be determined as tp= Az —

A,. The translation matrix T,(t - ¢ + At) is formed as
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10% & ()-' tobmindtes &yivhukiBlying these transform matrices.
L' z#109&' ()-g! 6L' z#109&' ()-g! 6L' z#10%&' ()-g!, TH10%& ()--! ( T#109%& ()--! 1T#10
% ()--

O With the movements, T, (t — ¢ + Af), and rotations, R (+ — ¢+ Af), of the pen in

20 the GCS, the location of the pen’s tip-end, tg(#+Af), and also the orientations of
the moved PCS in the GCS at the next sampling time, pg(t+Af), qe(t+At) and

re(t+At), can be identified. The position and rotation of the moved PCS relative
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The flow of the trajectory detection mechanism is outlined in Fig. 2:

(i) At an initial stage, the pen is stationary. By measuring the gravitational pull
acting on the stationary pen, the initial state of the tracking system can be

10 determined along with the pen’s orientation. These are expressed with respect
to both the GCS and a PCS.

(i) When the pen moves, the dynamic states of the sensors are measured at
regular intervals. The gyroscope produces a value representing the angular
velocity of the shaft about longitudinal axis of the shaft. After compensating for
15 the gravitational pull on the acceleration sensors, and by relating the
orientations of the PCS vectors to the GCS, the accelerations due to writing

motions can be obtained.

(iii) The velocities and translations of two accelerometers can be calculated by
integrating their accelerations. When the pen shaft has been moved, the

20 translations of the pen’s tip-end and the rotations of the pen’s pitch and yaw
(rotation of the pen in axes other than the longitudinal axis) can be calculated by
applying simple vector analyses. The rotational movement of the pen'’s roll
(rotation around the longitudinal axis) is obtained directly from the measurement
of the gyroscope.

25  (iv) By relating the movement vectors in PCS to the GCS, the movements of the
pen’s tip-end are, in one iterative step, obtained.

(v) A new location and a new orientation of the pen are calculated after every
sampling interval, and are referenced to for the next set of calculations in the

next sampling interval.



S#10% 0& () - 10% 0& () - S#10% 0& ()-! S#10%00& ()-!. &

#10%008& ()-+-,, S ----- zodY:!1&3 MLO% & ()- 10'0 10'o0
10' 07g#10% 0& () - 4! | 7g#10%0po& () - 4! ;
" 0g#10%0b0o& ()-! @ 0g#10% 0' 0& ()----/f1jsdaBdY: ! !11110% %& ()-z!11 1098BYBE& (

Lioo & (ro il heampiihg o norkrlifig hioleMehts of e bbh?drer Biffefentiatda /6% -

+10% & () -

&s10% & () - kSAchOSWifeH lbcéidd]él%ﬂ;(?'eh)t' 2 TheJFessiiie\exerted dBLMewitdh from@he%oo&
()-!x@O0% ()- 10: 10: 10:09'10% & ()-110% & () - 3334R4c55WUB~\ : ! | 10% 0& () -
| #10% o' 0& Wyitingisurfaep dadicatey a writing/glatg,-atherwiges pon-writing state.

10% ' & () - S55555555dJ+: $10% 0& () -f$10% 0& () -f $10% 0& ()-f$10% 0& ()-f  $10

% 0& () - $18% 0&ii) = f o 1098 A& ( )= B55558] 0+ S10A0&" (). - & { had HL0% 0&
"()-f$10% o0& () - 0 - 6 0& '()-1T310% o& () - yZ;

Srovs 0 B0 LV BBHEY 180G ATEAEBS IS (i SepEripn 38 Myt dar B
dJ+: $10$40%ragkéd -ardil 096 o&iealatibhs 0sh the' perishatvsank’be) riovitesh 5H5S SHhowe: $10%
‘o0& ()-f' $10% 0& ()-f' $10% 0& ().-f$10% 0& () -f$10% 0& ()-f$10% 0& ():f$10%
0& (§2f5555g'§§ E@%@%@df&&s(?g%ﬁégﬁ%&q‘?- Rdate @?-443(16@&%9(?04 éﬁé% 0&
()-f w<b555w§§§w§%&% $109% o0& ()-f$10% o0& ()-f$10% o0& ()-f$10% o0& ()-f$10
% 0& ()-f$10% o0& ()-f$i0% 0& ()-f6 66
666660P6$10% $10% 0& () -f$10% 0& ()-f$10% o0& ()-f$10% o0& ()-f$10% o0& ()-f$1
0% o0& ()-f$10% 0& ()-f66666 6yZ;
0P6$108/3 $10%05% 0f ) 8 adyantagesiofdhe embodimeabipeises s () - f
6" 6#6%6) 6+6, 6. 6] P1$10$10% 0&' () -f0$10% 0&' ()-f$10% 0& ()-f$10% o0& ()-f$10%

Coriondl () Vi Ras B Ddanst, AR TRORBES, 5 PAGrad bhee Kerms e
& 109R#& () ne@de@#& ()- f& 109R#& ()-101#1101#1101#1 6SHI0%A#1& ()-J:Z : : ;
o[ vUA10  @109R#& ()- |"109R#& ()-- 9! 109R#& ()- 109R#& ()- 0

10%"& ()-z,. QU " & ().-z; . 8<a<{<~<=|[:yU410, 90M 109%@2#& (,) - 31PYR#& () -
@ @OWRH& (ﬁlB |§q€b@@e{1} %as(é fg@lbk.stz)e_ anq f@%’ﬂgsﬁﬁggil)\ose oP prior apt
systems with similar designs because of the reduced number of gyroscopes,

and yet it retains equivalent functionality.

15 (iii) Only six inertial sensor measurements are needed to represent the
movements of a pen shaft, equivalent to the complete six degrees of freedom of
a moving object.

(iv) The embodiment is able to track the movement of the pen'’s tip-end
accurately.

20 (v) All coordinate transformations can be represented by a composite matrix
multiplication.

(vi) The actual handwriting movements on solid surfaces can be distinguished
from the non-writing movements of the pen by using a surface-touching switch.
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3. A data input device according to claim 1 or claim 2 further comprising
10  calculation means for deriving movements and positions of the shaft.

4. A data input device which can differentiate writing movements from non-
writing movements.

5. A data input device according to claim 1, claim 2, claim 3 or claim 4
further comprising a pressure sensitive tip at one end of the shaft, the tip
15 providing an output indicative of the shaft's contact with a solid surface.

6. A data input device according to any preceding claim further including
output means for outputting information representing on the movements and
positions of the shaft.

7. A combination of a data input device according to claim 6 and a

20 computing device arranged to receive the information output by the output
means.



