"* e3eeb$Lf n6TEQ ~f | MPROVED DATA | NPUT METHOD AND DEVICE 5 Field of the
I nvention The present invention relates to inertial based pen-Ilike input
apparatus especially for but not limted to portable equipnent. Prior Art
and its Problem 10 m&\gpl ace the normal input apparatus such as keyboard,

nouse, di gi m\\\w\“‘m nd so on, a pen-like input apparatus could be used
to interfac ational units and human beings. The goal of this

apparatus is tos«se®drd the handwitten ifformation at any witing surface
wi t hout any special paper or board provided. To achieve this 15 goal,
Inertial Measurenent Systens have been adopted in such pen 20 |ike input
apparatus. Such pen-1like devices conprise translation and/or rotation

novenent sensors to noni YMPRGVED DATA INRUTWMETHODSANDIDEVMICE 't these into
text or drawings, or to record on-screen selections, for exanple. Inertial

measur enent system based pen-1like input apparatus are known for portable

termnal i nstrumepfqq OWﬁF?"ﬂ%!ﬁi‘WD mai n problens in the detection of pen

tip-end venment ence between the actual novenent of the
ti p-end and the sensor neasurenent 25 because it is alnpbst inpossible to

| ocate the inertial sefhgpresdntimention réiatéﬁmdneﬁiaebééécﬁf)emké imgabl emi s
how to conpensate for the variation of th?m%en shaft inclination which

nmeans the angl e babR@aius eeresiallySarput netdingifad torRprtable gedipma. second main
problemis how to conpensate for the pen shaft rotation which neans the

conic rotation BOEﬁf%t@@@'lgimﬁﬁ'eWh respect to the tip-end as the
origin. . 2 J a 3D accel eration sensor to sense the
orientation and anmount of the pen's novenent, and then conpensate the
movenent1d®y the pen roTatreplaceithd nermaldnpet apparaits\suchasi keybgardyscope.
However, it cannot corrpainsate for the effects c
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di scl oses cal cul af,in@td MeerMidetRitR thRPUBONAMENEL afd 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 portable 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.



""the pen's noverment fromthe polarity and the anplitude respectively
transmtted fromvibration gyroscopes perpendicularly disclosed to each

ot her. However, this is not suitable for inputting figures and the 10 li ke
as it detects the rotational novenents of the wist and then derives the
nuneric values of the pen's novenent in vector space. It does not contain
any accel eration sensor. The novenent anount and direction are cal cul ated
fromthe angul ar change measured by gyrogcopes, so it cannot nake precise
determ nati ons about tip end novenent. 15 JP 070200127 uses two 2D

accel eration sensors to sense the orientation and anount of the pen's 3D
novenent. However, it does not conpensate any effects caused by dynam c

inclination and rotatigP060B7P69dReHEes SID agcelerdtlon s¥nsat eebernsd then _
sensors on 20 different positions of the pen shaft to sense the orientation

and armount of t heOfHation ppd @mpyns vé thepen pisiRvasent; aed thaleeBRER%AB! ( hese
accel erations coujg, rﬂ8¥/eﬁq%ﬁgb%ﬂ§]é‘ﬂé#got§ﬁ§rﬁ With %i8§8é|§c{rﬁt\ﬁﬁﬂaﬂ8n. US Pat ent
shape andwitrng 1 nput app

6, 229, 102 di scl oses a pen- i aratus using both

accel eronet er s angyrogcoss.opledevéhdt carinot 20mpensatefoetief effduts causéctby
i ncludes two types of sensors: 3 Acceleration sensors detect the
accel er atd ons i n gyRamic iRclinadon (inelinatignivariatipp shriganritingsoraretior). y det ect

the angul ar velocity around the X, Y and Z-axis. The two main conmpensati on

probl ems mentioned abo]‘!lﬁ 070947 $6'8) %s"e@%‘éidﬁ%{idgﬁgg*Hr%ngeftﬁheéﬁcﬁéﬁl%nfBP

t hr ee- di nensi onal accel eroneter and gyroscope uce SI X paraneters,
i . e. transl ati onstherpetva movemenidronothe polattyaanuiting atvzlitade sespadivelyr e

fficient t isel) t ti f th ft 5
at hermt 1 cal |y at (2R THERUTORYRPUon CIRsoapst PeberREA WePRsed iR o
systemis |arge bggensthep! Holroverahiis dob YiRsble ®r iHYLEBRG FiRBRed 8% e L he

pen, gyroscopes being relatively large. This results in a’large penlike
i nput apifar at us wikechs itsletests thevotaticnad ngvenaerds of thiewrisbandthesy derieswi t h

portabl e equi prenj. 1 ry of.lnyention The pr inyent, ' to
provide an inpr ov@& %@Hgﬁg@a'g?r%me %’béf@?‘(?é“%’# nﬁ%‘?ﬁﬁ;apa?% E}e‘ﬁ%ﬁj}oqfer s
the present invengbRBinPaRyaéederafiohBehsorel THEARNEATENN BmMvRednt tirectiogVi ce
having a witing end and conprising 15 at |east three novenent sensors

| ocated wit hin t haredealewlatestfcemitha@ngular shpage maasured By gytascopesm shiéi r

The weiting end | eanotigiciPiese dodhmBeiond BEOREH end Bty ' 07 27

pen-1i ke device, the sensors are |ocated to define a plane or 3D

co-ordi nt e system ThJB 0F0R004$2T hees fwal2Di aszelaratisrogensorbdd Bensd e on
i nformati on about the | ongitudi nal

IS
orientation and amount o%we 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



and rotation informati on about a transverse axis of the pen; in addition to
| ateral novenents of the pen in 3D space. The determned 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 to derive characters and other data to be entered using
sai d devi ce. 4 In particular, in one aspect the present invention
provi des an input apparatus for a pen sh&ped handwiting instrument having
a witing end; the apparatus conprising: a nunber of translation novenent
detection neans for 5 determ ning novenent of said apparatus at a nunber of
| ocati ons about said apparatus; wherein the novenent detection neans are
arranged such thagambé ressived af thasysiemr el iherthrap dimarisiod] sai d appar at us
in a 3D coordi nate system can be determ ned; 10 surface contact determ ning
neans | ocated at &egcelerametengnegyrostape pHdEIASAIl $s pasrBetars ig-ef er abl y
accel eroneters, h . i,vely be used.
Preferably three @%%el{gﬁ rﬁéefrﬁ?kn%‘?%gg%;ﬁg @@@R&%r@@ﬁﬂcgﬂbé%sr eétta(rargnsl ations

and rotations 15 uiffidiéAt Bxe@cisdivexsress tirombtioniof ¢ie pén 8hafand 3D
accel eroneters could alternatively be used as the accel eration al ong the
pen-shaf t axi s i smatkensatigallymsanydime.1 Howsyvee the sizsrefitae PgnI wsipg such a

di stributed about |
|stribut ed about of henfleviee @%agggggaﬁe 8dd of BKE Inat%;éggigt%g s fidite

rotational) of the device i'n or a co-or

det erm ned from t the per? @yoosqopes beRg wlativedy lange: ehistresbits imgp Begepenned by

the difference in_the agcel erfti on, ﬂetec ed % two detectors, dltpatefcted in
© g

the same (or oppo¥§ EPubiapRRAEIUSWhishds BPLBIWAYE SRVRRriate L dgskable Bhet er s
are accumul at ed ‘ﬂéé’w?tﬁp%ﬁt’aﬂgéafﬁ%’efn‘f. | ocated at 3 points defining a plane
'n

in a 3d co-ordinate system anot her aspect the present invention
provi des a cal cul ati on apparatus for determ ning 3D novenent of a pen
shaped htthdw it i n§ummaryofinvemiomg a nunber of translation novenent
detection neans | ocated about the instrument; the cal cul ati on apparat us

Cgt e::'t.S'oﬂ :meang; rrenggzs R vEehe %y 1 - 0 2bi ment s

det ect i o’ TRG r & itk Py R Pldvide R roeafibadtt

of said instruneninpubappaBtePand thetiée® system 5 neans for converting said
det ected novenents from said coordinate systeminto a co-ordinate system

i ndependent of the orientation of said instrument. 10 Brief Description of
the Drawi ngs The i nventl @@neRl termsthe erefest inveation prerddes anvierkak ef er ence

Lg |t|hren I?'ngo"": 29 mﬁl{e%h%@ﬁembé(as‘@%%n%t FHAPh&IRG YwAtHY ¥hd BAY okl N9 to

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.



"Figure 1 shows a prior art input pen device; 15 Figure 2 illustrates the
novenments a pen-like input device is subject to; Figure 3 shows a pen-1like
i nput device according to an enbodi rent of the invention; Figure 4 presents
the translation relationship between a pen 20 shaft coordinate systemand a
gravity coordinate systemfor the device of Figure 3; Figure 5 presents the
translation rel ati onshi p between pen-shaft coordi nate systemand gravity
coordi nate systemin an initial stationady state. 25 Figure 6 shows the
pen- coordi nate systemtracki ng process. 6 Figure 7 is a flow di agram of

t he cal cul ati on nmethod of the enbodi ment; and Figure 8 shows an enhanced
enbodi ment input device. 5 Detailed Description of Invention Referring to

Figure 1, a prior art pesadiddes, ahrHPnHtasg@él'tﬁéepr@sérﬁ irfaANgh proviaedhAGipuM th a
witing surface 1. The input device enpl oys a 2D accel eration sensor 3

whi ch detects accapparatis ruarpemeha;zawnm@vrdmgtlhetrument havisgarwidiéingl. The
writing device 2 al iog ncl S a a?lroscopl c 10 sensor 4 which detects
rotation Ry in t h&"N ?laspp S §8UTRYE'™ 3l so i ncludes a contact sensor 5

whi ch indicates contach nliniberldierafsidtioRdnsverhésedetectidimebhs ifér pPossi bl e to
determ ne novenent of the witing end (5) of the pen-like input device 2 on

a writind surfacedeteraining movenerns of saisk apparatus atia ruraker eflpoationsuch as a
letter or numeri cséoﬁﬂsg{@%hséﬁ;% for exanple. A problemw th such a

devi ce, however, ice it is not possible to |ocate the

accel eration or force %@E@h&h@nﬂiveh’fe’nt\d@tédtlbg re@shard apavjed Sectpat 2 so
that in fact the device is not detecting novenent in the plane of the

writing surface 1all [tfansiaﬁoaq@grratat@n rﬁp\éﬁf@ent& of eichappgyaiis ia@ 3R Pnat t he
pen 2 may be angl th tggy% hesSReR g egggrﬁfﬁ!ea Y. Furthernore the pen 2 may be
an

lifted between chara er °str okes, Writing surface 1 may al so change
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:



"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
novenents and rotation novenents are possible in any of the three

per pendi cul ar axes X, Y and Z. 7 An enbodi nent of the present invention
is shown in Figure 3 and conprises a pen-like input device 12 having three
3D accel eroneters 13a, 13b and 13c. The ¥nput device 12 al so conprises a
pressure sensor or touch switchl5 for detecting contact with a witing 5
surface 11 which may have any orientation in 3D space. The three 3D sensors
are located within the input device 12 such that it is possible to

determ ne the novenent nfanki¥er MiceivimpthRsutpdie)ofehid thandlaton deretiee 12. This
facility in addition to the contact detecting neans 15 all ows novenents of

the witing end 18€8§&i nst 10 the witing surface 11 to be determ ned and

associ ated with the 1 npienacD deoraiy FapdafoT ShreefiSe riSKmentbRf o "
information, we negid instruraBhtint\8DrBFodinateBystemenents on the writing

surface 11 but also the tip end novenents between each character and al so
bet ween 35 each st rokeMs@NsHer ¢oipertingsaid delected rovereents fiomeads 13 are

arranged such thakdl 5o RSBl Ry LOSHAAL U5obhAidkALhaGT ditng ne X ¥ and

Z directions, and SO rot ons about axes.  This is

achi eved by | ocat brigntatien ofisaid instt@henonet ers 13a, 13b, 13c such that they
are specially displaced 20 from each other into perpendicul ar axes.
Preferably two sensors (13a and 13b} are arranged to forma notional axis
(y) in a pen shaft based co-ordinate system PCS, and the other sensor (13c)

forms angy her axi B;fﬁﬁbé@ctf@twﬁhé@f’alﬁfi'{fﬁ sensors ( 13a or 13b}. Sensor
13c i s spaced apa nce Ain 25 the X axis. Sensor
13a is separated fromsensor 13b by L2-L1 in the Y axis. D stances L1 and
L2 are the distances fTheimeasientwillebw Iseedeseribed 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.



" 13a and 13b fromthe witing end 15 of the input device 12. Preferably
sensors 13a and 13b are |l ocated on the longitudinal axis Y of the input 8
device 12 in order to sinplify calculation. It can be seen that
translations in the X, Y and Z directions will be detected evenly by the
three sensors 13a, 13b and 13c assum ng the input device 12 is not rotated.
Rotation in any of these axes can be detected by noting the 5 differences
in readings or nmeasurenents in the variofls axes between the three sensors
13a, 13b, 13c. For exanple a rotation about the Y axis will not register

W th sensors 13a and 13b, however 13c will register an acceleration as it
is rotated about the axis Y. Simlarly, a rotation about the X axis will be
regi stered differentlyFlgurs#ns arfowldrgidm i thd edlcuatien inistAbd b theli f f er ence
t he pen device 12 rotation can be determ ned. Wilst the sensors 13 of the
first embodi ment e@bedieent; #ndanged for optimi sing cal cul ation conplexity,
it would of course be possible to | ocate these three 3D sensors
differently, so long a I n order
for the pen-like i nputﬁ tg\??ées}%ﬁge%ﬁ gﬁ*é?”a e %ﬁp@&elgﬁﬂ @Ltﬁ)ré%g%\%}rl ting
surface 11 of any (non-predeterm ned) orientation, it is necessary to
convert the pen-shaft coordinate system PCS into a coordi nate system

i ndependent of the pen, for exanple a gravity based 20 coordi nate system

GCS. Owcesthe meagur e s _of, t.he three sensors 13 have been transl ated
into GCS°then it ! ign Nt he i nput information
irrespective of the orientation of the witing surface 11. The only ot her
information that is reRefdrfiflgt§ Fidife A0BtRRIr st likePmpubéieviea 2 igrhpweyvi ded
by the pressure sensor 15 indicating that the pen 25 is pressed a al nst a
writing surface. iAeantactavihawyitingesuxface hnﬂhqwmegewpet Pogs# ZRach
sensor 13 locatio H ws the
! ! QchEr%uBb%‘éhg?? q?%ﬁ&%}é&oé&t S1pation e kﬁpi In?fst‘ﬂ8

rel ati onshi p bet weén a sanpl’i erval).

9 It can be seen wnnﬁggurfécé hatTr&wmm desueetz élb@wtdhmw@gymebpulcatl on
bet ween the PCS and GCS. r¥ge corresrpondl ng to the pen
rot ati on'Grovenent §9Q§9rt4cwh|°f/‘£ﬁt@ﬁ§ r@’@fﬂpﬁ‘ RyAn eNodXisf THedlaYiGend alsfe i nput

device 12 accordi paNi@sld ComalBMEPBYnLA iidbs EBndR RLFfE WG o

information is shown schenat rocess”i s
divided into fivesutfagms]. Khushesmmlssmlb twdﬁcmnlne mowémdat mfrthesﬁmtmgoend

novenents and r ot n no nt.s, .the,trackin ste on cks the
Tom 11 rovoment s AT 1o DEnTBE IR daIca AN NG Saragh b G fotie
translation 10 febéférﬁﬁ"}%‘?ﬁm‘tbﬁ@ed ﬁfbuﬁrs"t‘l\‘:hta\é é%ﬂ'é?b?ﬁhﬁ\e?%éfé’rﬁasraéter,me

initial 1 nclination calculati accel erati on sensors . can_ sense
not onl yldynanm ¢ frexaemie. éproblenaiith ssichta de\ace,maweaaterola thaich paactipeavi ty

acceleration g, the initial n l2.ipclinatio asily cal ed based
o the gravity 1515 b8l RodBTS 1sare e sbitierdlion 3o itee sbnsds L aftng
coordi nate systenmuiRg énh%rﬁﬁ)fbfjtﬁe'p%n'mséirﬁt'lﬁfa%‘tf’déléewbéIZEIQME' on 1l G
represents the gravity acceleration in GCS. he initial stage, the GCS

X-Y will be poi nt égtecting meoveossntiry the alﬁeeazfﬂse]wnﬁng Surage 1ebuig @ he two

coordi nate syste S ine d 20

re-initialised anﬁgg{'lﬁf §Iﬁh€| a ﬁ’ﬁ‘&ﬁ@%ﬁ h%ﬂﬂhtgb‘???%f’b“égtc". o%blgﬁwetgil nitial

as/xv\oulcgzme ? angr@mut df@es%ﬂrtﬁermréthe:peﬁ%m@ﬁbe lifte8ybetweenG ~ cosh _~
) Y character strokes, and the Wt ing y 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.



" cos~r= 0 25 Also as the pen 12 is in a stationary state, the velocity and
t he novenents of the pen are: 10 5 10 15 20 Xold = 0 VWXold = 0 Yold =0
VYol d= 0 (2) Zold = 0 Vzold =0 2. The tip end
accel eration cal cul ati on The accel eration sensors 13 determ ne accel eration
values in their own coordi nate system (PSC). These val ues include the pen
shaft rotation acceleration and the gravity accel eration g. However, as
these values are in pen shaft coordinate’system (PCS), we nust convert them
to gravity coordinate system (GCS). Vectors are indicated in bold text. For
both gravity coordi nate system and pen shaft coordinate system the gravity
acceleration g is constant. And for two sets of sensors ( 13a and 13b), the
tip end novenent accel ahadrhisddinRingof the resentiavéntion ig'shvivnyinFagurdi at e
system and pen shaft coordinate systemas the pen coul d be regarded as a
rigid body so theaRfh&PEpsisas Gapen-lika inpot devine 1Eatwngeth§g¢rﬁDaccel eration
vector a. For the i S, a : ; r.ation
ﬁ%@%ﬁonﬁ)&e@ ﬁ%ﬁg&tbr %rllq ﬁBQO?p%%Lﬁ%@w%npfél% ceﬁgtfrls%s

vect or us incl udi ch; “ya otat'1’on "accel I'ons are
in direct ratio watdheddife Fepbomneetouoh sitchi P fardbtedting dortastemisoa writihg3a) in

pen shaft coordinate system its value is: a~ - g +a + L1 x u~

5 syrigce 11 which maydayerirorentatin) ini 3P seac&haft coor di nat e
system its value a2 - g + a + L2 x ~ is: _ (4) The
difference betueen tNeTREIAISE L8R FERRed Hithh fis inp@devidd-42~ 12) X

such that it is possible to determine the movement of the writing end
(15) of the input device 12. This facility in addition to the contact
detecting means 15 allows movements of the writing end 15 against

10 the writing 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

15 each stroke of 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-L1 inthe 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



and hence the tip end acceleration plus gravity acceleration in PCSis: A -
g+a-a - L1 x (a~- a2) / (L1 - L2) (g) 10 This val ue
is the sumof the gravity acceleration and the tip end accel erati on val ue
in pen shaft coordinate system The acceleration in GCS can be expressed by
the followng matri x calculation (7), where B, ~, ~ denotes the Xs-Xg,
Ys-Yg, Zs-Zg angle between pen shaft coordlnate system and gravity
coordi nate systemas shown in Fig. 7: rAR9J rcosyrcos9 S|n05|nBcosyr+
cosrasi n~r cosrasi nBcos~r+ sina~sinyrJ ~AXSJ ~ Aye ~ ~ siny~cosB
si no~si nBsi n~r+ cos~cosyr cosa~si nBsi nyr+ sinncosyrl ~ Ays ~ 15 LAZg J L -
sine cose since cosecosmJ LAZS] (7) As gravity
accel eration is ceaatane, nnwed@reta mbluwft%ldummﬁﬂdt Zané%%bﬂrtﬁéﬂ on by the
following fornula (8): a - g g 3. Tip end
novenent s anount tiaaslatuprwn tbe )grl\ﬂaﬂélzdélr@}lobawldjbatdle&ﬁﬁ &g @Melnluéoy thet i al

stationary point, td.n unts
and direction by W\Qgeggﬁ?%mr?ga :“Igprsrdlu af%%gﬂ ﬁ%t@? n\tﬁupdggrgq?q&@ggg X tz
+Vxora VXnew = VXmtated. eRotatioryireanyof/these axés Landbexdétzctedylsy notingitie = VYor a
+ axgxt 9 ord + 9/2azg x tz +Vzora VYnew = VYora +
axgxt 4. ‘vr—qiﬁ%he PCS %&%st'naﬁ% Ing$ BF MEASHIGTBARK IR the varlOlbﬁd%qSeb%tme@m ation
5 Sanme as tip end l4ys ~0 t of
sensors S~, S2 ang\e\ﬁ@r&%ﬁ ’?s(;lri%a':ﬁ’ﬁb ??C m%*rﬁblgect or %@J&Zﬁ%io Xs =
~s3 - S2~ | ~ ~" séxis wilthat Degtstéhmthrslehsmsctaxamdﬂm r&wuarezrmwm o] ys =
_~$2 stl | < fS2- 5~~2~ The unjt vector .in Z
Xs reglstgr ge)acg:glfyatlon asitis rotateda out ﬁ'@g)ﬂqﬁe @ré aB ~ -
grYg obta [1_;3 ;rzogatggoﬁc%gw%a& @gyw ?e éé@?eEe&B?rFé?@H‘ﬂy'by‘ée?éorE 13>éy_~ ~2 +

’ 10 ( asd 16bsamd froewthis dlffﬁl'&n((e' thexen-devicq 1¥rotatlon cadbe~-2 ~/

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
necessary 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. Re-initialise the paraneters, then repeat step 2-5 till end of the
witing status. Xold = Xnew VXold = UXnew sold = anew 20 Yold = Ynew Vyord
= V¥new flJold = knew ----------- (14) 13 Zold - Znew VZold = VZnew fold -
knew Usi ng the above nethod, the tip end novenents can be tracked easily
and precisely. During the tracking process, the inertial neasurenent system
(accel eronmeters 13) neasures the accelerations 5in PCS in three points.
The cal cul ation section calculates the ti% end novenents according to the
above nethod. The basic input device 12 may be enhanced with various other
functional elenents such as a communication section to transfer the

cal cul at ed pen novenents and witing strokes against the external 10

surface to another devitc@n(oseshM. 34sst @, 3 Pfddent the texfmEtion The i nput
device 12 may al so conprise a storage section for storing the input

information, and eeldficpbatwesrcthed?CE@nddBERI. allieng ¢, WP will Thargaray be set up
to display what is bein itten or tqo review preyiously entered
i nformation, for 89%(%‘?‘8’?%91% fhEyatign Wﬁ&e\/"g? ?R'tﬁ’b’ y&Ww @ddlht i on

function may be in a separate el ectronics device for exanple a PDA, the

neasurement outputs fr %%b%mééwwiﬁﬂ&t%aﬁé@mz\aic&@ﬂd%sioythe _
communi cated fromthe dggn 12 to the devi ce havi ngt the cal culation function.

An enhanc®d st rucembodinenhia grdar tedeteemipg hanswsittendetormation és sk@vg whi ch

Aocel erat; on SensoPaSRRNCA inFigue Y 58 wiiees S BTRERE it s
Pover Supply Sect jagrthé Bt £ boveRwhts Bchidedarfatidnamo(@dbntshsdatatiGect | on
(24) and Communi cation Section (25). The enhanced enbodi nent uses the

uni quel y ar r anged MOyemeHs hertracking systeimay galyctaaes theiren tromeyements r ack

all the pen 22 no ' , j j: 22 uses
three 3D accel ero@@@é%ﬁﬁ@sﬂhgﬂéﬁ%ﬁ‘%ﬁp é’%l%}]neééggy %@Hﬁrgﬁgﬁ@& of the pen
12, anoth@r one 13dlationshipwiith thegravitjddoorohatdisystem. shaft. Toget her these

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 8would be equal to ¢ ):

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

cosg =| GSx - GS,|/| G| (1)
cosy=0

25 Also as the pen 12 is in a stationary state, the velocity and the
movements of the pen are:



14 two accel eroneters 13a and 13b forman axis (y) in pen-shaft coordinate
system (PCS). The third acceleroneter 13c is added to form another axis (x)
in PCS with the second sensor 13b. The penshaft coordi nate system hence can
be identified. The calculation 5 section 21 cal cul ates the pen novenents
based on the accel eroneters results. By conbining the function of storage
section 23, display section 24 and wi rel ess conmuni cati on section 25, the
tracking results can then be stored, |oa¥ed, displayed and sent to other
conputational 10 units. Instead of requiring sone special witing surface
as in sone prior art systens, the enbodi ment provides a pen-tike input
devi ce 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 multiple nunber of gyroscopes which are big, heavy and expensive, the
enbodi nent only uses accel eroneters 13 which are nuch smaller, |lighter and
cheaper, which nmeKeg=tthe whol e sygweﬁﬁknall, | i ght and convenient to be
used. By arrangi ng accel eroneters according to the invention, all the 20
pen novenents inchuding translatign{4n X-axis, Y-axis, Z-axis)._.and.
rotation (pitch, ygglg%d roll) cgﬁgﬁebdeternined. By introducing dié&?ay
and comruni cation sections into the input apparatus 22, the tracking
results can be di épéayed at any Viese=&hd can be transferred to other
conputing devices easily. 15 CLAIM5 1. An input apparatus for a pen
shaped hgndwiting imstrunent havin. i Lol end; the apparatus
conprisi%g: a nu erhg#“{$§%§F§%§%ﬂgﬂg§ﬁﬂﬁﬁkﬂgetection nmeans for 5
determ ni ng novenent of said apparatus at a number of |ocations

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 w
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

ag = g + a + lixw (3)




" about said apparatus; wherein the novenent detection nmeans are arranged
such that all translation and rotation novenents of said apparatus in a 3D
co ordinate system can be determned; 1 o surface contact determ ning nmeans
| ocated at said witing end. 2. An apparatus according to claim1l wherein

t he novenent detection nmeans are accel eroneters. 15 3. An apparatus
according to claim1l or 2 wherein said accel eroneters are accunulated into
2D and 3D accel eroneters |ocated at thre&lpoints that define a plane within
said co-ordinate system 20 4. An apparatus according to claim3 wherein
two of said accumul ated accel eroneters are arranged to formone axis in
said coordinate system and the third said accunul ated novenent detection
nmeans is arranged to fppnthanednder 2a186) inperpsithftesurdinatd eystgat, #gvaiidr one
of the other said accunul ated novenent detection nmeans. 25 5. An apparat us
according to any ¥ eceding claimfurther conprising cal cul ati on neans for
determ ning the novenent of said witing end in said 3D co-ordi nate system
16 6. An apparatus as ¢laL [ y ,pr ding claimfurther conprisi\ng
means for converting s%?d_d edPeEPHSVégggfg fromsaid coordinate syitem
into a co-ordinate system i ndependent of the orientation of said apparatus.
5 7. An apparatus as chhenifterence bstwaeh theeiceeleratidridmovdaesits snt
co-ordinate systemis gravity based. 8. An apparatus according to claim®6
or 7 further conprising 10 cal cul ation_nmeans for determ ni ng novenent  of
said witdng end with fAesped to ddidlZhdépefdent co- or di naresysram®) 9. An
apparatus according to claim8 further conprising cal culation neans for

det erm ning | nPut AAEREAEL B¢ D BPACRBIERAIM YL iy SR ERASRIN Bognd. sai d
writing end surface contacts. : pen ‘shaped handw1ting I nstrunent
conprising an input apparatus according to any preceding claim 11. A
conput er or el ectroni c4 sysgem laavF ng; aiLlix@it—- appdt bUL) ------~--sm-eme (6)

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. 7:

[Ay! [cosycosd singsingcosy + cosgsiny cosgsindcosy + singsiny 1] Ay |
| Ay | =l sinycoss singsindsiny + cospcosy cosesindsiny + sinacosy | | Ay |

15 LAyl  -sing cosf sing cosf cos e 1Al
(7)
As gravity acceleration is constant, we can get the tip end
20 acceleration by the following formuia (8):
a = A - g (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):



according to any preceding claim 20 12. A cal cul ati on apparatus for
determ ni ng 3D novenent of a pen shaped handwiting instrunment having a
nunber of translation nmovenent detection nmeans | ocated about the
i nstrunent; the cal cul ati on apparatus conprising: 25 neans for receiving
the outputs of said translation detection neans; neans for determ ning
transl ation and rotation novenents of said instrument in a 3D co-ordinate
system 17 means for converting said d& ected novenments from said
coordi nate systeminto a co-ordi nate system i ndependent of the orientation
of said instrunent. 5 13. An apparatus according to claim 12 further
conprising cal culation neans for determ ning the novenent of a witing end
of said instrunent ix,.s& X, ademgpsiehtVen: v di, sae,syalem 14. An apparat us
according to claim 13 further conprising cal cul ati on nmeans havi ng nmeans for
recei ving surface cqontact 10 indications fromsajd witing end and neans
for determ ning i npUhencTidforct ¥L8varat &t Yor Wadwd™ Wit iréend movemsWs and
said witing end surface contacts. 15. A nethod of determ ning the novenent
of an input apparatis in [ e s t met hod conpri si ng:
recei vi ng traﬁgl at i%"ﬁwméiﬁﬁ{%?%gﬁg\?%gns 4 vr'o)r/\nﬁ%’%?u?’ﬁg?ﬁi ent nunbe?pof ’
| ocati ons on said apparatus in order to determne all translation and
rotation novenent4. dhedaC8 amop@CSt tnanslatireratatitinsbipad | ¢, t ¥ angleatdleuiation
rotati on novenments of said 20 apparatus in said co-ordinate systemfrom
said transl ation novengnt indj.cations; recei.lvi ng, ext er.tnal fst'f"mrftgce cqnt act
informatiton froma wi ?mf% p&f‘ds‘gﬁd’aﬂﬁﬂﬂ Y&Sﬁﬁlﬁafe‘t%.‘mz% ©18reRsSeA
net hod of det er m pf §khsdls BRVSITBAY S tﬁérp,%}nq:h?pp_d handwri ting instrunent
havi ng a nunber of translation novenent deteciion nmeans |ocated about the

instrument; the calculation 5 apparatus conprising:
The unit vector XS equals to:

X =(S;—S2)/((S:-S2)%)” (10)

The unit vector in YS equals to:
10 Yo=-(S2=-81)/((S2-81)Y)* s (11)
The unit vector in ZS then equals to:

Z.= Y, x X (12)

Then angles 6, ¢, ¥ are obtained from the following equation (13):
C0Sbrew = Yy,/ ( (Xy)" + (Yy)*+ (2,)*)"
15 COSBrew = X/ ( (X )? + (Y )2+ (Zo )2 )F —mmmmmemmeee (13)
coshow = Zz/ ((%)° + (Y2)*+ (Z2) )

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

Xoid = Xnew ViXoid = VXnew Ooid = Ghew

20 Yoid = Ynew Wold = VWnew Dold = Onew ====—m——w=- (14)



determ ning translation and rotation novenents of said instrument in a 3D
co-ordinate systemfromsaid translation novenent detection neans;
converting said detected novenents fromsaid coordinate 10 systeminto a
co-ordinate systemindependent of the orientation of said instrunent.
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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
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104t dEmN/ GLO% coordinate system E CS). The (third accelerometer 13c is added to
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shaft coordinate system hence can be identified. The calculation
5 section 21 calculates the pen movements based on the accelerometers
results.

By combining 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.
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2. An apparatus according to claim 1 wherein the movement

detection means are accelerometers.

15 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 a plane within said co-ordinate
system.

20 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 movement detection means.

25
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.
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orientation of said apparatus.

7. An apparatus as claimed in claim 6 wherein said independent
co-ordinate system is gravity based.

8. An apparatus according to claim 6 or 7 further comprising
10 calculation means for determining movement of said writing end with
respect to said independent co-ordinate system.

9. An apparatus according to claim 8 further comprising calculation
means for determining input characters based on said writing end

movements and said writing end surface contacts.

15 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 any preceding claim.

20
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:

25 means for receiving the outputs of said translation detection
means;

means for determining translation and rotation movements of

said instrument in a 3D co-ordinate system;
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5 13.  An apparatus according to claim 12 further comprising
calculation means for determining the movement of a writing end of

said instrument in said independent co-ordinate system.

14.  An apparatus according to claim 13 further comprising
calculation means having means for receiving surface contact

10 indications from said writing end and means for determining input
characters based on said writing end movements and said writing end

surface contacts.

15. A method of determining the movement of an input apparatus in
15 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 rotation movements of said apparatus;

determining all translation and rotation movements of said
20 apparatus in said co-ordinate system from said translation movement
indications;

receiving external surface contact information from a writing end
of said input apparatus.

25
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A method of determining 3D movement of a pen shaped
handwriting instrument having a number of translation movement
detection means located about the instrument; the calculation

5 apparatus comprising:
determining translation and rotation movements of said
instrument in a 3D co-ordinate system from said translation movement
detection means;
converting said detected movements from said coordinate
10 system into a co-ordinate system independent of the orientation of said

instrument.



