1 2DEC 2006 12 LLrrrrerrerrrererrrrerererrrerrererrrrrr *166166* 1 MPROVED
DATA | NPUT METHOD AND DEVICE Field of the Invention 5 The present .
“invention relates to inertial based pen-like input apparatus especially
for but not limted to portable equipnment. Prior Art and it%2 BEGbggn 10 To
replace the normal input apparatus such as keyboard, nouse, digiti-zed—

board and so on, a pen-like input apparatus could be use terface
Wi th conputational units and human bei ngs! The goal of t w W’MMWF
any

to record the handwitten information at any witing sur
speci al paper or board provided. To achieve this 15 goal, I net¢ia
Measurenment Systens have been adopted in such pen- |ike input apparatus.
Such pen-like devices conMPROVED DA A INPUITMETHOD ZNDIDEVICE enent
sensors to nmonitor pen tip or end novenents and convert these into text or
drawi ngs, or to record on-screen selections, for exarrplke. 20f|nert|?I o
measur enent syste i nput apparatus are nown for portable
t erm nal 645nst?/urre?;-‘]ié]a h%elﬂvhhhgn main problens in the detection of pen
ti p-end novenent due to the difference between the actual novenent of the
tip-end and the sensor mmé@nﬁﬁveﬂﬁ)mm%@omemél bﬂseeﬁenuméqaémbl eto

| ocate the inertial sensors at the pen tip-end. The first nmain problemis
how t o conpensat capparatus espgegially fos but not limited to portable equipment.

Prior Art and its Problem

10 To replace the normal input apparatus such as keyboard,
mouse, digitized board and so on, a pen-like input apparatus could be
used to interface with computational units and human beings. The goal
of this apparatus is to record the handwritten information at any writing
surface without any special paper or board provided. To achieve this

15 goal, Inertial Measurement Systems have been adopted in such pen-
like input apparatus. Such pen-like devices comprise translation and/or
rotation movement sensors to monitor pen tip or end movements and
convert these into text or drawings, or to record on-screen selections,
for example.

20
- Inertial measurement system based pen-like input apparatus are

known for portabl-e terminal instruments. There are two main problems
in the detection of pen tip-end movement due to the difference between
the actual movement of the tip-end and the sensor measurement

25 because it is almost impossible to locate the inertial sensors at the pen
tip-end. The first main problem is how to compensate for the variation
of the pen shaft inclination which means the angle between the pen
shaft and writing surface. The second main problem is how to
compensate for the pen shaft rotation which means the conic rotation

30 of the pen shaft with respect to the tip-end as the origin.
—

U

*G00002*



'of the pen shaft inclination which neans the angle between the pen shaft
and writing surface. The second main problemis howto conpensate for the
pen shaft rotation which neans the conic rotation 30 of the B%? shaft with
respect to the tip-end as the origin. I I I [ I/ 1 1 1 111 |E|C/_2006| |1/
L1/ 111/ 1 1 11 1 *coooo2* 12 DEC 2006 2 JP 06067799 di scl oses a
3D accel eration sensor to sense the orientation and amount of the pen's
novenent, and then conpensate the noveneht by the pen rotation with a

pi ezoel ectric vibration gyroscope. However, it cannot conpensate for the
effects caused by 5 dynamc inclination (inclination variation during
writing operation). JP 07094716 di scl oses calculating the orientation and

anount of the pen's nUPBAN7700 aisdideeeBar adoelaaton b@nﬁfgbiﬁe:mdélthe
respectively transmitted fromvibratjon gyroscopes perpendicularly
di scr:) | osed to eac H”%PW@P.” ang@roepnt ‘%Hh@ PEs sTBpvemenhiang ther CoAmaNsalRy

figures and the 1thd ieGedient byq'ﬁ(]% Egﬁ%@@itgnrvmr% Ep?H}?)lteléEPch?}'ﬁBFﬁtﬁ)nOf the wi st

and then derives the nuneric values o e pen"s novenent |1 n vector space.
It does not cont gyrosanpeatiosveveatit oansetircoonpenBate fovteereffectaroauseddyd
directio are cal,cul at ed ﬁrar)agm t he .anﬁul ar .change nmeasured by gyroscopes,

so it cahnot nakdYRFRIS BeRAtoR (RGlinatiom varalinn dyhing WHHNGopefatN). 15 Jp

070200127 uses two 2D accel eration sensors to sense the orientation and

amount of the pen's 3DJPRyRRRTY6 RS caltliafiffhe SMNtSRPEAS Bhso I bf

effects caused by dynam c inclination and rotation.
the pen’s movement from the polarity and the amplitude respectively
transmitted from vibration gyroscopes perpendicularly disclosed to
each other. However, this is not suitable for inputting figures and the

10 like as it detects the rotational movements of the wrist and then derives

the numeric values of the pen’s movement in vector space. It does not
contain any acceleration sensor. The movement amount and direction
are calculated from the angular change measured by gyroscopes, so it

cannot make precise determinations about tip end movement.

15 JP 070200127 uses two 2D acceleration sensors to sense the
orientation and amount of the pen’s 3D movement. However, it does
not compensate any effects caused by dynamic inclination and

rotation.

JP 060230886 uses a couple of acceleration sensors on
20 - different positions of the pen shaft to sense the orientation and amount
of the pen’s tip-end movement. However, the measurement of these

accelerations could not result in the status of pen’s rotation.

US Patent 6,229,102 discloses a pen-shaped handwriting input
apparatus using both accelerometers and gyroscopes. The main
25 structure of this system includes two types of sensors: 3 Acceleration
sensors detect the accelerations in the X, Y and Z-axis and 3
Gyroscopes respectively detect the angular velocity around the X, Y

and Z-axis. The two main compensation problems mentioned above



'JP 060230886 -uses a coupl e of acceleration sensors on 20 different
positions of the pen shaft to sense the orientation and anount of the
pen's tip-end novenent. However, the neasurenent of these qggggr@@zons
could not result in the status of pen's rotation. US Patent 6, ,

di scl oses a pen-shaped handwiting i nput apparatus using both

accel eroneters and gyroscopes. The main 25 structure of this system

i ncludes two types of sensors: 3 Accel eration sensors detect the
accelerations in the X, Y and Z-axis and 3 Gyroscopes respectively detect
t he angul ar velocity around the X, Y and Z-axis. The two nmai n conpensation
probl ens nentioned above 1 2 DEC Zoos 3 can be resolved in this system
since the three-dtareheiresaled acihid sysiert sncatid thyeodoopesipnalduce al | si x
paraneters, i.e. tr:imsl ations, in XYZ-axes and%[)o_t ations around XYZ-axes,
that are suffici8HE¢OMEIBLARE OYrasepPe LLOJYRe HpsixArametars. ien shaft 5
mat hemati cal |y atrafMafion®in XPPREE and18tatiohs a‘?&@cﬁ‘%@ﬁxé’sﬁ RS such a
systemis | arge because of the use of a nunber of gyroscopes i1nside the
pen, gyroscopes beuffigentioareciskely éxprgss thehimotiopofithespem shaftar ge pen- i ke

| nput apparatus which is.not always appropriate or desjrable for use with
por t abl e%gqyi prren'in.aﬁl%ngﬁ'ﬁ#%@aw t'l"h‘?/eE'P?"P@HeﬁﬂEe ﬁfzgs‘%frs{beiWeH{S'i”Qr?”&ﬁr?s to

provide an i nprovegktens kigetbechalBE bf BRPASALLS naRtbar el RYfbscbBed figdal terns
the present invention provides an inertial nmeasurenent based I nput device

having a witing ¥ePeh@ycmseepesibeing relatively large. This results in a large pen-
like input apparatus which is not always appropriate or desirable for

use with portable equipment.

10 Summary of Invention

The present invention aims to provide an improved pen-based

input apparatus and method.

In general terms the present invention provides an inertial

measurement based input device having a writing end and comprising

15 at least three movement sensors located within the device such that it
is possible to derive from their outputs the movement, including
rotational movement, of the writing end. The writing end is arranged to
indicate contact with a surface. For a pen-like device, the sensors are
located to define a plane or 3D co-ordinate system. This allows the

20 device to provide both rotation information about the longitudinal axis
and rotation information about a transverse axis of the pen; in addition
to lateral movements of the pen in 3D space. The determined writing
end movements in this 3D space are then converted into a preferably
gravity based co-ordinate system. Combined with the surface contact

25 information, it is then possible to derive characters and other data to be

entered using said device.



'15 at | east three novenent sensors |located within the device such that it

I's possible to derive fromtheir outputs the novenent,
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rotational novenent, of the witing end. The witing end is1ng§€ to
e sensor re

i ndicate contact with a surface. For a pen-1like device,
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| ocated to define a plane or 3D co-ordinate system This allows the 20
device to provide both rotation information about the |ongitudinal axis
and rotation information about a transverse axis of the pen; in addition
to lateral novenents of the pen in 3D space. The determined witing end
novenents in this 3D space are then converted into a preferably gravity
based co-ordinate system Conbined with the surface contact 25 information,
it is then possible tolndeEriadarcihamacsped tieenpreséfitanvetédaptovides anémbudr ed
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determ ned; 10 suappa@esai@®Bappstat@et €rmning nmeans located at said witing
end. The novenent sensors are preferably accel eroneters,
movenent sensors coul dwhereiptae mavemeard ionPnesrs ats grrangecksath that

all translation and rotation movements of said apparatus in a 3D co-

ordinate system can be determined;

however ot her

10 ‘surface contact determining means located at said writing end.

The movement sensors are preferably accelerometers, however other

movement sensors could alternatively be used. Preferably three 3D

accelerometers are used which can provide translations and rotations

15 in XYZ-axes. However a combination of 2D and 3D accelerometers

could alternatively be used as the acceleration along the pen-shaft axis

is the same. Further, 1D accelerometers could be distributed about the

device so long as all movements (lateral and rotational) of the device in

3D space or a co-ordinate system can be determined from their

20 outputs. Rotational movements being determined by the difference in

the acceleration detected by two detectors detected in the same (or

opposite) direction. Preferably however, the accelerometers are

accumulated into 3D accelerometers located at 3 points defining a

plane in a 3d co-ordinate system.
25

In another aspect the present invention provides a calculation

apparatus for determining 3D movement of a pen shaped handwriting

instrument having a number of translation movement detection means

located about the instrument; the calculation apparatus comprising:



‘accel erometers are used which can provide translations and rotations 15 in
XYZ- axes. However a conbination of 2D and 3D accel eroneters could
alternatively be used as the accel eration al ong the pen-shaf § Japgs Ud s the
same. Further, 1 D acceleroneters could be distributed about the 3e\9i ce so
|l ong as all novenents (lateral and rotational) of the device in 3D space
or a co-ordinate systemcan be determ ned fromtheir 20 outputs. Rotational
novenents being determned by the differéence in the accel eration detected
by two detectors detected in the same (or opposite) direction. Preferably
however, the accel eroneters are accunul ated into 3D accel eroneters | ocated
at 3 points defining a plane in a 3d co-ordinate system 25 In another
aspect the present i nveeansiforpieseivitgsthe autpuotsl aftsaahtranglptivadetection

determ ni ng 3D novenent of a pen shaped handwiting instrunment having a
nunber of transl d'FBASnovenent detection neans |ocated about the
instrument; the cal cul ghAy fGPRAEAhNHFOERS bEAMEnd tetabbs md¥nemsigans for
receiving the outputs of said translation detection neans; neans for

det er mi ni ng tr anss$aid ingirumentrioeadl ca-ordinatesysteof, said instrunent in a 3D

co-ordinate system 5 for verti. ai,d detecte venents from
said coordinate syst erﬁ%%ﬁg(goracoﬁ%@% %%Eag*ez%_?%mvﬁa‘é%ﬂﬁg’@m S%'fj. t he
orientation of saigbriimetd vpEBm inldaBol@bidRs eystehl PAepbnddid JPtiReM ngs

orientation of said instrument.

10 Brief Description of the Drawings

The invention will now be described in detail with reference to
the following drawings, by way of example only and without intending
to be limiting, in which:

Figure 1 shows a prior art input pen device;

15 | Figure 2 illustrates the movements a pen-like input device is

subject to;

Figure 3 shows a pen-like input device according to an
embodiment of the invention;

Figure 4 presents the translation relationship between a pen-
20 shaft coordinate system and a gravity coordinate system for the device
of Figure 3;

Figure 5 presents the translation relationship between pen-shaft

coordinate system and gravity coordinate system in an initial stationary
state.

25 Figure 6 shows the pen-coordinate system tracking process.



"The invention will now be described in detail with reference to the

foll ow ng draw ngs, by way of exanple only and without intending to be
limting, in which: Figure 1 shows a prior art input pen dev geggcliy EI gure
2 illustrates the novenents a pen-like input device is subject to; Figure
3 shows a pen-like input device according to an enbodi nent of the

I nvention; Figure 4 presents the translakion relationship between a pen 20
shaft coordinate systemand a gravity coordi nate system for the device of
Figure 3; Figure 5 presents the translation relationship between pen-shaft
coordi nate system and gravi ty coordi nate systemin an initial stati onary
state. 25 Figure 6 sh t he COOI’dI nat e system tracki ng process. 2
DEC 2006 6 gl gure 7 | ef?b’i/\? PyFiagham of the calrylatian mathadohthe of the
enbodi nent; and Férﬁl%&n%rﬁh%’é an enhanced enbodi nent input device. 5

Det ai | ed Descrlptlon of Tnvention Referring to Figure 1, a prior art
pen-like input device 2 is shown in contact with a wrltlng surface 1. The
i nput devi ce 2 enpl oyFigureB shewslagrenhanced embodidient input devicet s
acceleration in the XZ plane of the witing surface 1. The witing device
2 al so includes a gyroscopic 10 sensor 4 which detects rotation Ry in the Y
axis. The device 2 also

5 Detailed Description of Invention

Referring to Figure 1, a prior art pen-like input device 2 is shown
in contact with a writing surface 1. The input device 2 employs a 2D
acceleration sensor 3 which detects acceleration in the XZ plane of the
writing surface 1. The writing device 2 also includes a gyroscopic

10 sensor 4 which detects rotation Ry in the Y axis. The device 2 also
includes a contact sensor 5 which indicates contact with the writing
surface 1. Thus it is possible to determine movement of the writing end
5 of the pen-like input device 2 on a writing surface 1, and from this
determine an intended input, such as a letter or numerical character,

15 for example. A problem with such a device, however, is that in practice
it is not possible to locate the acceleration or force sensors 3 at the
writing end or tip of the pen 2 so that in fact the device 2 is not
detecting movement in the plane of the writing surface 1, but in a
parallel plane. A further problem is that the pen 2 may be angled with

20 respect of axis Y. Furthermore the pen 2 may be lifted between
character strokes, and the writing surface 1 may also change

orientation, particularly in the case of portable devices such as PDA’s.

Figure 2 shows the various translations T and rotations R which
the pen device 2 may be subject to in practice. It can be seen that
25 translation movements and rotation movements are possible in any of
the three perpendicular axes X, Y and Z.



‘includes'a contact sensor 5 which indicates contact with the witing
surface 1. Thus it is possible to determ ne novenent of the witing end 5
of the pen-like input device 2 on a witing surface 1, and fromi2hDEC 2
determ ne an intended i nput, such as a letter or numerical character, 13
for exanple. A problemw th such a device, however, is that in practice it
IS not possible to |locate the acceleratign or force sensors 3 at the
witing end or tip of the pen 2 so that in fact the device 2 is not
detecting novenent in the plane of the witing surface 1, but in a
paral l el plane. A further problemis that the pen 2 may be angled wth 20
respect of axis Y. Furthernore thefpen 2 may be |ifted between character
strokes, and the writiAMyesbodipentiofithe psesasitémeangien isshewndn iFigure 3

particularly in ; e V| ' Figure 2 shows
the various trans gtéligﬁérlﬁgsaﬁggbg?gﬁ?gﬁsd%ﬂ?gﬁgvﬁlﬁetﬁp@}ngaevi ce 2 may be
subj ect to in pracceleeometersdidabd3beamd 13cat THbinpubdeliaei1@alsocempnisesand

rotation novenents are possible in any of ~the three perpendicul ar_ axes X
Cand 2. 65 DecaRgssutE Senehis udhewiin a0 o liERe SRR Wi MeitBRown | n

Figure 35 and conptfagest 18wRRA-rhhy Ral@BHY ofitKidtRnliR Jrpy¥pace. t hree 3D
accel eroneters 13a, 13b and 13c.” The input device 12 also conprises a

pressure sensor or touch switch 15 for detecting contact with a witing 5
surface 11 which may Haethigs 3B sansoas renlocatesinvishindbe inpig delvicee1BD sensor s

e eroron e hooBabfat PR 55 el Apleert AR BUHEEh 15 1y <
facility in addi tof ¢ime input devicentZacThiddaeilityiimaddition to the contact detecting
means 15 allows movements of the writing end 15 against the writing
10 surface 11 to be determined and from this handwritten information such
as characters as input information associated with the input device 12.
In order to track the handwritten information, we need not only the pen
tip end movements on the writing surface 11 but also the tip end
movements between each character and also between each stroke of

15 the input character.

The accelerometers 13 are arranged such that it is possible to
determine translations in the X, Y and Z directions, and also rotations
about the X, Y and Z axes. This is achieved by locating the three
accelerometers 13a, 13b, 13c such that they are specially displaced

20 from each other into perpendicular axes. Preferably two sensors (13a
and 13b) are arranged to form a notional axis (y) in a pen shaft based
co-ordinate system PCS, and the other sensor (13c) forms another axis

(x) with one of the first sensors (13a or 13b).

Sensor 13c is spaced apart from sensor 13b by distance A in
25 the X axis. Sensor 13a is separated from sensor 13b by L2-L.1 in the Y
axis. Distances L1 and L2 are the distances from respectively sensors
13a and 13b from the writing end 15 of the input device 12. Preferably

sensors 13a and 13b are located on the longitudinal axis Y of the input



‘'means 15-all ows novenents of the witing end 15 against the witing 10
surface 11 to be determned and fromthis handwitten information such as
characters as input infornmation associated with the input deV| ce 12.

order to track the handwitten informtion, we need not only ?h@%@%ﬁ t|p
end novenents on the witing surface 11 but also the ti p end novenents

bet ween each character and al so between each stroke of 15 the input
character. The accel eroneters 13 are arranged such that it is possible to
determne translations in the X, Y and Z directions, and al so rotations
about the X, Y and Z axes. This is achieved by locating the three

accel eroneters 13a, 13b, 13c such that they are specially displaced 20 from
each ot her into paeyeadldoloaderdvesmpliyefatcuddtion. t Moasdresseen that 3a  and 13b)

Svatom o and  REEHET boheor Y eacdirestioBs il bReletasipd S Ry Y B one. of
the first sensor sthrde 38nS6rsh 330N 3b ISP dskunhivg IREGHH it ¥Rk 2 RMstensor
13b by distance Ain 25 the X axis. Sensor 13a is separated from sensor 13b

by L2-L1 in the Yotateds. Rcmah@rantesy pfithese axesxas hméef@mcbmeetmgm

' h ut

Gov o6 12 Prof or QEPYPrES {8 ¢ adinds oL AlPsEbhts B dnf s Bke® PamAdiai nal
axis Y of the i nmmtetheemaﬂgasaw@vme Fﬂé’réihrﬁﬂslé%r rdtaw HBéutftMe Y
calculation. It can be seen that translations in the X, and Z directions

will be detected @Xignyil npyregiger wﬁhé@n§@rr$sb’iasand3a3b1t3@~avm ‘[L&chdissum ng the
| nput devi ce 12 | rsegpﬁér ah %Eéélgpatlolﬁoésart '|sor[2)tél%daé%u?fthé Q)%geY aélmlla(’}far,] be

detected by noting
rotation about the X axis will be registered differently by sensors 13a

10 and 13b, and from this difference the pen device 12 rotation can be

determined.

Whilst the sensors 13 of the first embodiment have been
arranged for optimising calculation complexity, it would of course be
possible to locate these three 3D sensors differently, so long as they

15 define a 3D co-ordinate system.

In order for the pen-like input device 12 to operate correctly with
a writing surface 11 of any (non-predetermined) orientation, it is
necéssary to convert the pen-shaft coordinate system PCS into a
coordinate system independent of the pen, for example a gravity based
20 coordinate system GCS. Once the measurements of the three sensors
13 have been translated into GCS, then it is possible to determine the
input information irrespective of the orientation of the writing surface
11. The only other information that is required is the contact detection
information provided by the pressure sensor 15 indicating that the pen

25 is pressed against a writing surface.

Figure 3 shows the X, Y and Z axes of the PCS at each sensor
13 location. The figure 3 also shows the GCS, and Figure 4 shows the

relationship between the two at an instant of time (a sampling interval).



"5 differences in readings or neasurenments in the various axes between the
three sensors 13a, 13b, 13c. For exanple a rotation about the Y axis wll
not register with sensors 13a and 13b, however 13c wil | regif%er an
acceleration as it is rotated about the axis Y. Simlarly, a JHEE: 2086
about the X axis will be registered differently by sensors 13a 10 and 13b,
and fromthis difference the pen device 12 rotation can be determ ned.

Whi | st the sensors 13 of the first enbodl nent have been arranged for
optim sing calculation conplexity, it would of course be possible to

| ocate these three 3D sensors differently, so long as they 15 define a 3D
co-ordinate system In order for the pen-like input device 12 to operate
correctly with a wi tfeap baisegndn kig. dithahy, ¢énEmpresentdhe tiansiatipn

orientation, it is _.necessary,to ver e pen-shaft. cqordi nate system
PCS into a co_oréi?lﬁH?B @?%ﬁh%ﬁ@%ﬁ%ﬁéﬁf TBﬁea ﬁe?,wﬁldﬁ’a&g&rrpl e agravity
based 20 coordi n%b?re%éﬁ&iﬂp%e Qéﬁﬁofalfiﬁnﬁﬁé\?éiﬁ@ﬁ@'lf)ﬁcmfyahhﬁna %Iﬂ? Sensors
13 have been translated info GCS, then it is possible to determne the

input information irrespective of the orientation of the witing surface
11. The only other infoMmethodaf operating theiput device t2hacessdingde thiet ect i on

i nformat on provi : .00l I NG t pen 25
is press!:éd agai nse?‘?[go %ﬁﬁe@?@g&@d&??%Qggeﬁ}geaﬁ%@gﬁ%\mﬁﬁ{ﬁr@&gd@ Serl]tr? axes of
the PCS at each sehewraticaiy inoEigtireon. THd vhblegprrozess i dividedowp fiveesteps, and

Figure 4 shows the . relationship between the twg at an instant, of fine (a
sanpl i ng intervaly thfzpqyatfgr@pvegnents include translation movements and rotation
movements, the tracking system not only tracks the pen tip movements
but also records the pen-shaft coordinate system translation

10 relationship with the gravity coordinate system.
1. The initial inclination calculation.

As the acceleration sensors 13 can sense not only dynamic
acceleration but also static acceleration such as gravity acceleration g,
the initial pen 12 inclination is easily calculated based on the gravity
15 acceleration GS factor in each axis of the pen shaft coordinate system
when the pen 12 is in static status. In equation 1, G represents the
gravity acceleration in GCS. At the initial stage, the GCS X-Y will be
pointed to the PCS X-Y plane as shown in Fig. 6. As the two
coordinate systems share the same Z direction (the Z direction being
20 re-initialised at each initial stage in the gravity direction), the initial ¥

would be 0 and dwould be equal to ¢):

cosf=| GSc-GS,|/| G|

cosy=0

25 Also as the pen 12 is in a stationary state, the velocity and the

movements of the pen are:



‘It can be seen in Fig. 4 that 0, O, f'present the translation relation
between the PCS and GCS. The 0, 0, Pwill change corresponding to the pen
rotati on noverments (pitch, yaw and roll). A nethod of operatiirgDEDe g PUt
device 12 according to the 5 enbodinent in order to determ ne handwitten
information is shown schematically in Figure 7. The whol e process is
divided into five steps. As the pen 12 npvenents include translation
novenents and rotation novenents, the tﬂ%cking system not only tracks the
pen tip novenments but also records the pen-shaft coordi nate system
translation 10 relationship wth the gravity coordinate system 1. The
initial inclination calculation. As the accel eration sensors 13 can sense
not only dynam c acceleration but also static acceleration such as gravity
accel eration g, the initial pen 12 inclination is easily cal cul ated based
on the gravity 15 eration G? factor in each axis of the pen shaft
coordi nate syste %ﬁ t he pen %0454 n static status. In equation 1, G
represents the gravity acceleration in GCS. At the initial stage, the GCS
X-Y will be poinygd=tp the PCS ¥y bane as shown in Fig. 6. As thea %mo
coordi nate systens share the sane Z direction (the Z direction belng 0
re-initialised at_each initial stage in the gravity direction), the initial
P would be 0 andZ@nws® d be equalVzsow=&5): cosO=I GS, - Gyl /1 GI cosO =l
GS, - Gy I /I Gl ------mmmmmmmmmm - (1) cos yr =0 25 Also as the
pen 12 g in a statpRayesd atbelefdtBn'@liQikioh and the movements of the pen

ar e:

The acceleration sensors 13 determine acceleration values in
their own coordinate system (PSC). These values include the pen
shaft rotation acceleration and the gravity acceleration g. However, as
these values are in pen shaft coordinate system (PCS), we must

10 convert them to gravity coordinate system (GCS).
Vectors are indicated in bold text.

For both gravity coordinate system and pen shaft coordinate
system, the gravity acceleration g is constant. And for two sets of
sensors (13a and 13b), the tip end movement accelerations are the

15 same both in gravity coordinate system and pen shaft coordinate
system as the pen could be regarded as a rigid body so the whole pen
parallel movement has the same acceleration vector a. For the
rotation movements, it has the same angular acceleration vector @
including pitch, yaw and roll, so the rotation accelerations are in direct

20 ratio with the distance to the tip end.

For the sensor 1 (13a) in pen shaft coordinate system, its value

as = g + a + l1xo (3)




'l 2 DEC 2006 10 Xold = 0 VXold = 0 Yold = 0 Wold= 0
(2) Zold =0 VZold =

accel eration sensors 13 determ ne accel erati on val ues
coordi nate system (PSC). These val ues include the pen
acceleration and the gravity accel eration g. However,
in pen shaft coordi nate system (PCS), we

in

05 2. The tip end accel eration cal cul‘ati on The

theprp

shaft rotation
t hese val ues are

as

must 10 convert themto gravity

coordi nate system (GCS). Vectors are i nai cated in bold text. For both

gravity coordinate system and pen shaft coordinate system the gravity
acceleration g is constant. And for two sets of sensors (13a and 13b),

t he

tip end novenent accelerations are the 15 sanme both in gravity coordinate
system and pen shaft E@ftle gansor (kI penshaftserrdivalessyséeneiavabg as a

rigid body so th?s.whol e pen parallel novenent has the same accel eration

vector a. For the" rotation novenents, it has the sane angul ar accel eration
vector zu including pitch, yaw and roll, so the rotation accelerations are
in direct 20 rati o w taa thegdi st aacert 02txh@ tip end. For -the-senrsef(4]l (13a)
in pen shaft coordinate system its value is: a, =g +a+ L | x zu

------------------ 3 12 C 2006 11
( )Ll'he diggrence between the acceleration movements is:

5 a - a2 = (L11-L2) x o

and hence the tip end acceleration plus gravity acceleration in PCS is:

A =g +a = a-L1x(a—a)/(L1-L2)

This value is the sum of the gravity acceleration and the tip end

acceleration value in pen shaft coordinate system. The acceleration in

10 GCS can be expressed by the following matrix calculation (7), where

6, ¢, ¥ denotes the Xs-Xg, Ys-Yg, Zs-Zg angle between pen shaft

coordinate system and gravity coordinate system as shown in Fig. 5:

[A,] [cosycosd sinasindcosy + cosasiny cosgsingdcosy + singsiny |[ A |

| A, | =l sinycos@ singsindsiny + cosacosy cosasindsiny + singcosy| | Ay |
yg yC 4 v v ¥

15 A lL -sing cosé sing cos6 cosg

1 1Azl

(7)

As gravity acceleration is constant, we can get the tip end

20 acceleration by the following formula (8):

3. Tip end movements amount and direction and velocity calculation

25 From the initial stationary point, we can continuously calculate

the tip movement amounts and direction by the following formula (9):



"For the sensor 2 (13b) in pen shaft coordinate system its value is: a2 =

g+a+L2XxXrrr ------------------ (4) The difference between the

accel eration novenents is: 5 a, - a2 = (L1 - L2) x za S dT BEC 700
(5) and hence the tip end acceleration plus gravity accel erati 33% IQE@
iss A=g+a=al- L1x (al - a2) / (L1 - L2) ---------------- (6) This

value is the sumof the gravity accel erq&i on and the tip end accel eration
val ue in pen shaft coordinate system Theé acceleration in 10 GCS can be
expressed by the following matrix calculation (7), where 0, 0, P denotes
the Xs-Xg, Ys-Yg, Zs-Zg angl e between pen shaft coordinate system and
gravity coordi nate system as shown i,n Fig. 5: Axgl [cosvcose

si nosi necosV+cososi Kyw THsi0di H@@)@S’Sfﬁg#é"lxmos\(fxwﬁ PA?I&SI axg¥hygl = si nyrcose
Si nosi nesi nyr +cosocosyr cososi nesi ny' +si nacosyrl | Ay5 1 15 LAzg J L - sine
cose sino cosecosay LAA T T ravity .

accel eration is con\’g"te"éntgdmg’ézaa 9654\;/ e \-t/l "p‘%'"’end>(°£’¥)+ g’?&algerati gn(%)y t he
following formula (8): = 3. Tip lgnd novenent s anount and direction and
vel ocity cal cul ati 8rew 28okrolfRalyex i iVEZualVysdvat Viaaraxgdi nt, we can
continuously calculate the tip novenent amounts and direction by the

Vnew = Vol 0+ Bxgole TSP G tangpiag iR i W AR Aipior ™ ©

axgxt ----------- (9)
5 Same as tip end, we can easily get the position of the three sets

of sensors Sy, S2 and S;, then from Fig. 5:

The unit vector XS equals to:

Xs = (S3-S2)/((S3-S2)°)” (10)
The unit vector in YS equals to:
10 Ys=-(S2—81)/((52-S1)% = e (11)

The unit vector in ZS then equals to:

Zs=Ysx Xs ' (12)
Then angles 6, ¢, ¥ are obtained from the following equation (13):
COShew = Yy, / ( (X, )2 + (Yy )2+ (Z,)? )
19 COSBrew = Xu / ( (Xx)? + (Yo )P+ (Ze)? ) —meemmmees (13)
cOSynew = Zz./ ( (X2)* + (Y2)* + (Z2)°)

5. Re-initialise the parameters, then repeat step 2-5 till end of the

writing status.
Xotd = Xnew VXoid = VXnew Boid = Onew

20 Yoid = Ynew VWold= Vnew  @od = Bnew =~ (14)



"Znew = Zold + 1 /2azg x t2 +VZold VYnew = VYold + axgxt 4. The PCS and GCS
translation relationship 9, 0, mangle calculation 5 Sane as tip end, we
can easily get the position of the three sets of sensors S1,12SRBE@rpggeS3,
then fromFig. 5 The unit vector XS equals to: XS = (S3 - S2) / ((S3 -

S2)2) X -----mmmme e e - (10) The unit vector in YS equals to: 10 YS =
-(S2 - S1) / ((S2- S1)2) Y ------mmme oo (11) The unit vector in ZS
then equals to: ZS = YS X XS ----------- 1B (12) Then angles 0, 0, F

are obtained fromthe follow ng equation (13): COSOnew = Yy. / ((Xy,)2 +
(Yy,)2 + (2Zy,)2 )Y2 15 COSOnew = Xx, [/ ( (Xx,) 2 + (Yx,)2 + (Zx,) 2)Y -
--------------- (13) COCs 1//new = Zz, | ( (Xz,)2 + (Yz,)2 + (Z2z,)2 )/ 5.

Re-initialise the p&nmﬁ’t@r s, theWzyepedt ..ot epFr-5Hdld | end of the vvri ting
status. Xold = Xnew VXol d VXnew BoI d = Bnew 20 Yold = Ynew VYold = VYnew

ld = Onew ----------- 13 . Zol d = Znew VZol new Wl d
= Pnew Using the above %@9%8 %PH@ me ° nieriR & m%/eemﬂt%éaﬂ k%QZ{‘ deasi |y
and precisel y. DUéésng dEolcuRek). BlrgOhEIPack] prod8s, 't purenent
system (accel eroneters 13) neasures the acce rations in three

poi nts. The cal cumaasumm@utsyemm{aamdlmterseﬁ me&ssdresrrlbveeanmﬂesraammsardl ng
to the ahove net hoc13C$ in three points. The calculation section calculates the tip end

movements according to the above method.

The basic input device 12 may be enhanced with various other
functional elements such as a communication section to transfer the
calculated pen movements and writing strokes against the external

10 surface to another device (not shown) such as a PDA, for example.
The input device 12 may also comprise a storage section for storing
the input information, and a display section for displaying this. This may
be set up to display what is being written or to review previously
entered information, for example. In a further alternative, the

15 calculation function may be in a separate electronics device for
example a PDA, the measurement outputs from the accelerometers 13
being wirelessly communicated from the pen 12 to the device having

the calculation function.

An enhanced structure of the pen device 22 can be seen in Fig.
20 8 which contains seven sections that are: Writing Status Sensor
Section (15), Acceleration Sensors Section (13a, 13b, 13c), Calculation
Section (21), Power Supply Section (Battery) (22), Storage Section
(23), Display Section (24) and Communication Section (25).

The enhanced embodiment uses the uniquely arranged
25 accelerometers and unique calculation method to track all the pen 22
movements. As discussed .above, the input device 22 uses three 3D
accelerometers. One 13a is located near the tip-end 15 of the pen 12,

another one 13b is around the middle of the pen shaft. Together these



‘The basic input device 12 may be enhanced wth various other functional

el ements such as a comuni cation section to transfer the calcul ated pen
movenents and witing strokes against the external 10 surface t¢aped Qam
device (not shown) such as a PDA, for exanple. The input device 12 may

al so conprise a storage section for storing the input information, and a
di splay section for displaying this. This may be set up to dlsplay what is
being witten or to review previously ertered information, for exanple. In
a further alternative, the 15 calculation function nay be in a separate

el ectronics device for exanple a PDA, the neasurenent outputs fromthe
accel eroneters 13 being wirelessly comunicated fromthe pen 12 to the

devi ce having thmcabcelbadmemrénegtar@mw\fbrmaﬁ@(wwpm ghgrt of the pen
device 22 can be seen . in Fig 8 whi ch contai ns seven sections that are:

Witing Status Seﬁ@@?d'n%é@ﬁlﬁtﬂm ﬁgﬁ K&@éhéﬁ@ﬁip@ﬁrﬁéﬁwrﬁcﬁaﬂdeﬁw 13a,
13b, 13 Cal cul 22),
StorageC)Secti o(r:1u zgg Qn?)ltﬁ%?%k@n ﬁébo%é)%thg%%%% §88%6P On é%g)fef%n((Z?S).

The enhanced enbodhaﬁrabowsmtetdyetam|I1¢ueb30aartreaﬂgﬁﬁlﬁét5 TheehruMBher s and
uni que c cul ation rreth g 0 iﬁéaCk all the pen 22 novenents. As di scussed
above, i nput dECHQEZ D salcsrates Fneeeeewomtépaﬁeeéhnsthe@%elfe%megers

| ocat ed near the tdqu@nd 15 of the pen 12, another one 13b is around the
m ddl e of the pen shaft Toget her these 1 2 DEC 2006 14 two accel eroneters
13a and 13b forman axis (y) in pen-shaft coordinate system (PCS). The
third accel eronmet er 138yicorabidig the function of storage section 23, display section

24 and wireless communication section 25, the tracking results can

then be stored, loaded, displayed and sent to other computational
10 units.

Instead of requiring some special writing surface as in some
prior art systems, the embodiment provides a pen-like input device that
needs no pre-designed writing surface. The writing surface could be a

table, paper, a wall and even the human body.

15 Instead of using multiple number of gyroscopes which are big,
heavy and expensive, the embodiment only uses accelerometers 13
which are much smaller, lighter and cheaper, which makes the whole

system small, light and convenient to be used.

By arranging accelerometers according to the invention, all the
20 _ pen movements including translation (in X-axis, Y-axis, Z-axis) and

rotation (pitch, yaw and roll) can be determined.

By introducing display and . communication sections into the
input apparatus 22, the tracking results can be displayed at any time

and can be transferred to other computing devices easily.



‘form anot her *axis (x) in PCS with the second sensor 13b. The pen- shaft
coordi nate system hence can be identified. The calculation 5 section 21
cal cul ates the pen novenents based on the accel eroneters resgi2t BEC Bgis
conmbi ning the function of storage section 23, display section 24 and

Wi rel ess conmuni cation section 25, theqgracking results can then be
stored, |oaded, displayed and sent to other conputational 10 units. Instead
of requiri@QA ge special witing surface as in sone prior art systens,

t he enmbodi Nent provides a pen-like input device that needs no pre-designed
witing surface. The witing surface could be a table, paper, a wall and
even the human body. 15 Instead of using nultiple nunber of gyroscopes
which are big, heavy and expensjve, the enbodi nent only. uses

accel eroneters '?LIPen\/@ryﬂa@ﬁdahaé‘df‘PﬁEWg%B‘l’tl hparplugianinGA VRINGH: theni ch makes
the whole systemsmall, I|ight and convenient to be used. By arranging
accel er oneappaatuscmMPigingo the i nvention, all the 20 pen novenents
including translation (in X-axis, Y-axis, Z-axis) and rotation (pitch, yaw
and rolsl ) can bat |deste3 transidtiolyl movermdntdetgctiors plemnsaatd plonatiiyotat i on
sections into the input apparatus 22, the tracking results can be

di spl ayed |gtafidhs ihi S8d agasreﬁ@@f&ejétémﬁiﬁfr@rmedem@n@dstegaiqusputaitng devi ces
easily. 1 2 DEC 2Q08 15 CLAIMS 1. A pen shaped handwiting input

appar atus havi ngnaraif thd fbveREnt Wlfection means are arranged such that all

translational and rotation movements of said apparatus in a 3D co-ordinate

system can be determined surface contact determining means located at said
10  writing end.

2. An apparatus according to claim 1 wherein the movement detection

means are accelerometers.

3. An apparatus according to claim 1 or 2 wherein said accelerometers are

accumulated into 2D and 3D accelerometers located at three points that define
15 a plane within said co-ordinate system.

4. An apparatus according to claim 3 wherein two of said accumulated

accelerometers are arranged to form one axis in said coordinate system, and

the third said accumulated movement detection means is arranged to form

another axis in said coordinate system with one of the other said accumulated
20 movement detection means.

5. An apparatus according to any preceding claim further comprising

calculation means for determining the movement of said writing end in said 3D

co-ordinate system.



‘apparatus conprising: 5 at least 3 translational novenent detection means
at a plurality of locations in said apparatus for determ ning novenents of
sai d apparatus; wherein the novenent detection neans are arrarﬂgﬁd)ssu%
that all translational and rotation novenents of said apparatus in a 3
co-ordinate systemcan be determ ned swgrface contact determ ning neans

| ocated at said 10 witing end. 2. An apparatus according to claim1l

wherei n t mvﬁﬂ%??aﬁéﬁtﬁ%%@dﬁ]mé@ﬁﬁ%gaﬂr@c@&ﬁ lciRMRHAES compriéigappar at us

according to clai wherein sal d ‘accel efonmeters are accunulated into
2D and 3D accel ero [ t L i pl ane
wthin saiteese Satnyelhg, SR et Endts tom a8 AU sitefh |
wherein two, of said. accunul ated accel er ters, are arranged to form one
i 5 1 santp @ earidinate Sysient denaacert s faiation e Hpar e oy enent
detection neans is arranged to form another axis in said coordinate system

with one of- t heAn@Epearatys asdaimad intcaim o whesciamaid indepeprdeshcPreans. 5. An

apparatus according to any preceding claimfurther conprising calculation
means for oidirateisysteg ishgravily based. of said witing end in said 3D
co-ordinate system 1 2 DEC 16 6. An apparatus as clained in any preceding

claimfurt@er CAARIpparatds adBarting & clainesrt? figthericanteising ealcolatienent s from
said coordinate system into a co-ordinate systemindependent of the

%;reglt at isg.i?.gaﬁ% ng'pcgent RARrRY Hioverent Of saRPRfifig Endwith rRispBet forsaid ai m 6
independent co-ordinate system.
9. An apparatus according to claim 8 further comprising calculation means
10  for determining input characters based on said writing end movements and said
writing end surface contacts.
10. A pen shaped handwriting instrument comprising an input apparatus
according to any preceding claim.
11. A computer or electronics system having an input apparatus according to
15  any preceding claim.
12. A calculation apparatus for determining 3D movement of a pen shaped
handwriting instrument having a number of translation movement detection
means located about the instrument; the calculation apparatus comprising:
means for receiving the outputs of said translation detection means;

20 means for determining translation and deducing rotation movements of

said instrument in a 3D co-ordinate system from the outputs;



‘5 ordinate systemis gravity based. 8. An apparatus according to claim6 or
7 further conprising calculation neans for determ ning novenent of said
witing end with respect to said independent co-ordinate systempgg 2%
apparatus according to claim@8 further conprising cal cul ati on nmeans for
determ ning input characters based on sgid witing end novenents and said
writing end surface contacts. 10. A pen shaped handwiting instrunent

conprising an i%ﬁhsq@rp@érﬁ;elﬁgrr!ﬁ %ﬁﬁpdéié%dﬁrﬂo@é?ﬁe%mis%% Eo&dfHatd 1 A

conputer or electronics syst aving an i nput apparatus according to 15

any preceding clajm 12 A calcul ation r.at for term ning 3D
movenent - oP SR A sfraMRIR T el ngRpRRREY T T RBGrEE ALY of

transl ati on novenent detection mneans |ocated about the instrunent; the
cal cul at i oRSHBP®N&t us conprising: neans for receiving the outputs of said
transl ation detection neans; 20 neans for determ ning translation and
deduci ng rd3.at i 8n appasatuatascerding & alaim - furbat COMPESBD calcwatipmeneansy st em
fromthe outputs; 12 DEC 2006 17 nmeans for converting said detected
novenerg s for deteraiiningdbe dnovereentsyfsa eniting eadaf saidindtroatent §y saidm

i ndependent of the orientation of said instrument. 13. An apparatus

accordi ng mgeﬁéﬁa@htj&_bm,ﬁ;ﬂgrsyg@mri sing calculation neans 5 for
determ ning the novenment of a witing end of said instrunent in said

B A UBRR 8B g cHin PR 0O ol i
having means for receiving surface contact indications from said writing end
and means for determining input characters based on said writing end

10 movements and said writing end surface contacts.
15. A method of determining the movement of an input apparatus in a 3D co-
ordinate system, the method comprising:
receiving translation movement indications from a sufficient number of
locations on said apparatus in order to determine all translation and deduce
15 rotation movements of said apparatus;
determining all translation and rotation movements of said apparatus in
said co-ordinate system from said translation movement indications;
receiving external surface contact information from a writing end of said

input apparatus.

20



‘havi ng nmeans ‘for receiving surface contact indications fromsaid witing
end and neans for determ ning i nput characters based on said witing end
10 novenents and said witing end surface contacts. 15. A net th c
determ ning the novenment of an input apparatus in a 3D co- ordina gg@tem
the nethod conprising: receiving translHgion novenent indications froma
sufficient nunber of |ocations on said apparatus in order to determ ne all

transl at i oyg anda ¢rEHGS of?tf_étér%igﬁwigoéb m«@mt%f%fpé%ﬁ'amgéﬁawﬁﬁn

determining all translation an otation novenents of said apparatus in

said co-ordi t i i - ndi i ;

recei ving @?PQ&%&?K§3$E§C@8@8%? gg{rgﬁﬁg gé’?rﬁ’ﬁ orq@q \r{g%?é;ét{/(\)lﬁnﬁﬁ?%gg (Iad;c%?% sai d
i nput apparatus, 20.1 2 DEC 20 ‘.18 16. A net hod. of determ ning 3D
movenent oRPoHtIRG '%%\‘B’%ﬁ“thgf?d qFf"]iaH@" PRABYHEATPIS NG g a nunber of
transl ati on novenent detection neans | ocated about the instrunment; the
cal cul ati on appeeterinirgtransiatingand«easusing ipptianamevamedts ahsaideduci ng
rotation novenents of said 5 instrunent in a 3D co-ordinate system from
sai d t ransinatruoentibvedEhco-dedicatd systemerom ;sacbirars!ationy meniednerdtdeteadivn
novenents from said coordinate systeminto a co-ordinate system

i ndependenine@hst he orientation of said instrunent.

converting said detected movements from said coordinate system into a

co-ordinate system independent of the orientation of said instrument.



