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DESCRI PTI ON 15 TECHN CAL FI ELD The invention relates to contact sensitive

devices. BA ND ART Vi sual displays often include so é ouch
20 sensitidggggﬁgéh. This is becom ng nore conmon with threni’C @é@@@%@% of -
t he next generation of portable nultinedia devices such as palmtop
conputers. The nost established technology using waves to detect contact
is Surface Acoustic Wave (SAW, which generates high frequency waves, on
the 25 surface of a glass screen, and their attenuation by the contact of
a finger is used to detect the touch location. This WO 01/ 48684

PCT/ GB00/ 04851 2 technique is "tinme-of-flight", where the tinme for the
di sturbance to reach one or nore sensors is used to detect the |ocation.
Such an approach i s possible when the nedi um behaves in a non-dispersive
manner i.e. the velocity of the waves does 5 not vary significantly over
the fréguency range of interest. DI SCLOSURE OF | NVENTI ON According to the
invention, there is provided a nethod of determning information relating
to a 'contact on a contact sensitive device conprising the, steps of

TITLE: CONTACT SENSITIVE DEVICE

10
DESCRIPTION
15
TECHNICAL FIELD
The invention relates to contact sensitive devices.
BACKGROUND ART
Visual -displays often include some form of touch
20 sensitive screen. This is becoming more common with the

emergence of the next generation of portable nultimedia
devices such as palm top computers. The most established
technology using waves to detect contact is Surface Acoustic
Wave (SAW), which generates high frequency waves on the
25 surface of a glass screen, and their attenuation by the

contact of a finger is used to detect the touch location. This



10 providing a nenber capabl e of supporting bendi ng waves, contacting the
menber at a discrete |ocation to produce a change in bending wave
vibration in the nenber, providing at |east one neasuring nmeans attached to
the menb®P ®@#8heasuri ng t he changed bendi ng wave vi br a&yﬂﬁ BYop4gile 15
‘menber to determ ne a.nmeasured. bendipng wave signal and processing the
neasured bendi vaye sig nal glat formatiqn_rel g o t he
cont act . gn ‘5%? ad‘sma; b e’#&r% %rl‘n og'h &?ougﬁ%f rg:m a s%’#ﬂs e a
finger. The stylus n the formof a hand-held

i nf or mat ASAt E %‘Eﬁ%\tré% ﬁﬁﬁhbgn?h‘érl‘&%’%ﬁ iSSHE6F 5t th uﬁﬁﬂtﬁ%tg%‘?e‘#h}%e ot her
|nfornat|on ressure or size of t con The i.pformation

rel ating ?EaY—Hénc ‘gbtanr’rﬁ'?PEQaCJEa:I-%LH’%ﬁ ]13nw eE‘eﬁPFaﬁ“e 1R Ve®H5 The
bendi ng wave propagation may be nmeasured by at | east one sensor_whi ch may
be nount &8 atner-difRazEiVeoMRERCE dhe® ofEhADVELLEE¥40PCTREIRYSHSOPS 3 the
menber. The sensor may be in the formof a sensing transducer which may
conveFt hehdvany eignifigeatiynover dhe IrgauesgierangRtosiigiaresthere may be
nore than one sensor. By bending wave vibration it is nmeant an excitation,
for 5 cRASOLESURE QR INVENSTON whi ch inparts sone out of plane

di spl acement to the member. Many materials bend, sone with pure bending
W th a perfechcsspdirey rreothei speestion,s dletreois prdvided avimdtleodrioft ure of
pure and shear bending. The dispersion relation describes the dependence
of the i QepPéAfbning information relating to a contact on a contact

sensitive device comprising the steps of
10 providing a member capable of supporting bending waves,
contacting the member at a discrete location to produce a
change in bending wave vibration in the member, |
providing at least one measuring means attached to the
member for measuring the changed bending wave vibration in the
1'5. "member to determine a measured. bending wave signal and
processing the measured bending wave signal ‘to calculate
information relating to the contact.
The contact may be in the form of a touch from a stylus
or a finger. The stylus may be in the form of a hand-held
20 pen. |
The information calculated may be the location of the
contact or may be other infomai.:ion, e.g. pressure or size of
the contact. The information relating to the contact may be
calculated in a central processor.
25 - The bending wave propagation may be measured by at least

one sensor which may be mounted at or spaced from an edge of



10 velocity of the waves.on the frequency of the waves. The relative
magni tude of the vibration is determ ned by material properties of the
menber and uency of excitation. Bending waves. are_di ' i.e.
t he bendi ng&%?&/é&ggel ocity-is dependent on frequenéy. Thi sP§?§%§?@§8¥ﬁakes
any 15 "tinme-of-flight" approach inappropriate, as the signature of the

di st ur banc rogr essi vel pr 0] I Ny tije. . ACC L Ngley, 4 t od
further coﬁﬁ% g%g'%{eﬁé st?ﬁgofse%%%ryi ngy gecoﬁeg{@oneéﬁhc%ﬁve?tgtgﬁgghg
measur ed bendi ng wave signal to a ropagatd.on. signal ..fr .

non- di sper EF32° Ws‘ﬁ%’%é.m@{cgoﬁﬁ'gfﬁe%%gfi%egt i“gan |2J’%1%Iﬁ9.7rgé% 2 Gues

"used in the fields, of radar_and sonar nay be applied to detect_ the

| ocati on ofRRHRIUG GENY: SigRglsi gRReTe MY J?ﬂ’%gé:h@ln P& §EBERE! ng wave
propagation is that bendi ng waves are bul k waves, which 25 inyolve_the
moverment of t heBinpeRAiRgoEve apbratioudt fdife MEFadR SXFLIESTEPTst FOFpst
of the alternative touch sensing WO 01/ 48684 PCT/ GBOO 04851 4 technol ogi es
rely orf suekamplef fyct shandeertanioh whachyimparis e somes uprhc Cidaphgee
Accordingly, a contact sensitive device using bending waves should be nore
robust anddisskacemardi t toe the suwenlkern s¥anychmeserands. Ienthpl §omeg) wibh
correction may be the first step in processing the bendi ng wave signal.
The correcpupe bppiingd withprefpewnfdat bagesreonrobe diispersion melation of
the material of the nmenber supporting the bendi ng waves. This di spersion
rel ati on mapdeiddiey Wwetiodel hedolye usiEngpite headdi sigeawv®ending. The

dispersion relation describes the dependence of the in-plane
16 velocity of the waves on the frequency of the waves. The
relative magnitude of the vibration is determined by material
properties of the member and the frequency of excitation.
Bending waves. are dispersive i.e... the bending wave
velocity is dependent on frequency. This property makes any
15 “time-of-flight” approach inappropriate, as the signature of
the disturbance  progressively  spreads out in, time.
Accordingly, the method further comprises the step of applying
a correction to convert the measured bending 'wave signal to a
propagation . s.ignal from a non-dispersive wave source. Once
20 the correction is applied, techniques used in the fields of
radar and sonar may be applied to detect the 'location of the
contact.:
One significant advantage of using bending wave
propagation is that bending waves are bulk waves, which
25 involve the movement of the whole member, and not just the

surface. In contrast, most of the alternative touch sensing



10 equation in conbination with known physical paraneters of the nmaterial
of the nmenber. Alternatively, the dispersion relation mnay be neasured by
using a laser vibrometer to create-an image of the vibration pattern in

t he menbeWOr04M8684 h nber of given frequencies to give th%crﬂﬁg?ipé%gﬁlon
relation in the frequency 15 range ofy interest. The neasuring of bending -

el BRI YT oY BRI UL RRTTIR0 I RIGHOD A L1

menber . nmeasure endi ng wave signal wth a reference

signal, for e l e the signal before a cantact is [ he 20
possi bl eW%n?Eﬁ?ftgp mﬁsasgn?aﬁg‘?s T lPﬁggr’ nﬁgﬁlgsg‘.ﬁ%%' é%r%@%ojsrﬁeer
characteristics of the signal may be .conia red. Once ont act has been nade,
t he measHfEECPHeNSLRY 109 HEVefhy St C?egSr d&Feante t fB Eleess
processed. The nenber nmay be in the formof a plate or panel. The 25

nmember nE§RBELiVe ish MEHACE sgrakehrti WS non-transparent, for exanple
having a printed pattern. The menber may have WO 01/48684 PCIT/ GBOQ 04851 5
uni f drm t hi ckherkying t diitat icrsrgcting nBdYerPeaythy efHrstor SteRonmimex
shape, for. exanple a curved surface and/or variable thickness. Provided it
i s possi brecéssingeridiendendiog waversianal f r et korsentier mpliiadbriso one:
of the sensors (by whatever 5 conplex path), the nmethod nay be adapted for
conpl ex pheperhblyetzaresl op phevdilspersivmdaiaitionabfothe matrrwimlaofa neur al
net to deci pher the contact |ocation fromthe bendi ng wave signal.receive
by the sgh&Ormenbermyguppopeingsahe t behding seweml Shisordispersion
relation may either be modelled by using the bending wave
10 .equation in combination with known physical parameters of the
material of the member. Alternatively, the dispersioﬁ relation
may be measured by using a laser vibrometer to create an image
of the vibration pattern in the member for a number of given
frequencies to give the dispersion relation in the frequency
15 zrange of interest.
The measuring of bending wave propagation may be done by
continually sampling the motion in fhe member. By comparing
the Imeasured bending wave signal with a reference signal, for
e:;an'tple the signal before -a contact is made, it may be
20 possible to identify when contact is made. The’ magnitude’ or
other characteristics of the signal may be compared. Once
contact has been made, the measured bending wave signal may be
recorded and may then be processed.
The member may be in the form of a plate or panel. The

25 member may be transparent or alternatively non-transparent,

for example having a printed pattern. The member may have



10 The nethod may involve purely passive sensing, in other words,' the
change in bendi ng wave vibration in the nmenber induced by the contact nmay
be the excitation to bending wave vibration in the nmenber. In other words,
there is novQ%a¥684source of bending wave vibration for a PESSTRf 8 sor .
The 15 position of the contact may be ca cul ated by recording the tinme of

arrival of _an_.inpulse .at each nsor . .cogpari [ ines to deternine the
rel ative d%fﬁ‘ﬁ shii‘c@%??‘sen@grre%ﬂ\vegﬁé SF‘Igg hﬁ

t
atiber 159, heVP R IREC
i nt ti 1 ti di st t i h iti f th t.
e bordi nB0uBLes, Bh3PEy S Eosn SAIDEch A oo SUT Do AL sE aPLAS

may be generated by an injtial i,npact ¢or_by_frictignal novenent of {he
cont act . TEB@%@PbeP%O‘fﬁérﬁ%ﬁq 4f PRPEEPLENECY PentitiaeVeg LR EREWBLr of

sensors used to detect the contact or contact |ocation provides extra

i nf or mat i ofT@RdERe5cPREACERPOPEbioicta ave eOficShrasengeracbynwhatever
Alternatively or additionally, the bending wave signal received at each
sensor S\D oenEBSE4PRLIT) CBEL0reshods mayy bse adaptestdfow ecomplemgshapedi od
of time such that not only the direct signal, i.e. the signal when the

i npul se fimetbersabjeprovédingnaduadaptivensdgordihin tsuahs ag he netikrakti ons
fromthe edges of the nenber. This approach is simlar to 5 adding mrrored
ver si ons ofet heoordesigiheaXi idi¢ NGoREASOr lockBiog firbins tIrhebendime extea

i nformati on obtained may be used to provide greater accuracy or reduce the

nunber of SeGEAT Sreé‘éiﬁédCB*Cﬁhét sBfsbhe | aeatifin W hEGeshACko hife

nmeasur ed bendi ng wave signal may be further processed to
. 8everal sensors.

10 The method may involve purely passive sensing, in other
words,” the chanée in bénding' wave vibration in the member
- indu'ced by the contact may be the excitation to bending wave
vibration in the mwmember. In other words, there is no other
source of bending wave vibration for a passive sensor. The
15 position of the contact may be calculated by ;ecor(_iiné;- ‘the
time of arriv'al of an impulse at each sensor, comparing the
timeé to determine the relative distances of each sensor from
the origin of the impulse and intersecting the relativé
distances to give the position of the contact. The bending
20 wave vibration and hence the measured bending wave signal may
be generated by an initial impact or by frictional movement of

the contact. There may be a minimum of three sensors.
Increasing the number of sensors used to detect the
contact or contact location provides extra information and
25 thus mﬁy provide a more accurate detection. Alternatively or

additionally, the bending wave signal received at each sensor



10 determ ne additional information regarding the contact. The novenent of
a stylus on the nenber nmay generate a continuous signal which is affected
by the | ocation, pressure and speed of the stylus on the nber .
cont i nuouYO 84884 at 2 which may be derived fromthe cont?ﬂﬂ%&g&?f’ﬂnal may

be used to derive 15 additional usefgl information in a variety of )

appl i catjons e li.catjon iggg{ e.feg I L I.¢h .1 S a
subset oF‘aYh]eoenDrneaziggﬁgr gqtvl asaga%?lp%ea]ft rn&r&ec%fgn}g?l on%hggp\gqagatlli%cns such
as these ere patterns .are.drawn from_.conpl a | reatly from
the ext rgnigd\élb% Y FIORAS! nat Font i esslﬁlt%&i S\'ﬁF ﬁekgﬁnﬁéﬁéuﬁo'#s %xerf'g: dat a.
The nmethod .y thus further conprise the ep of. i nmpl.enment Lng .a. neural

net for PFRTRER; Hge cbRERs i ‘B%E%?reﬁié"‘%euﬁ]a@ et R JD%CtJtc?I};ﬁ ned by
a set of _exanples, for exanple, a set of signatures. witten, a

parti cul BFoBufPectedges, 2kt tB@né’ﬁE&’@J'f BHhsh PR elBe sd'f“"ﬁ%@ t5i cal
vari ance caused by the human process of. witing. WO 01/48684 |

PCT/ GBOCRGdYmg mizyonach Fe¥eAeRE Pf ops (QF GRCR REAFRINACPSNCT hdlSie nore

i ndependent information is available, the greater the accuracy of the
concl usi bhis dsgheme Mudheofextiva | Infmation biaizmede nay Peecusedt itfuous
time data is conpletely independent fromthe 5 position information, since
it is coppecidel dxeatesr wekoraty omnceduces $heenufbeheoStgangoren t he surface
of the menber. Therefore the extra information increases the potential for
accur ate signeftee redegliatiag. The neidadomayofur ther comtacke, . tile

training of a second neural net with exanples of tinme
measured bending wave signal may be further processed to

10 determine add:itional information regarding the contact. The
movement of a stylus on the member may generate a continuous
signal which is affected by the location, pressure ‘and. speed
of fhe stylus on the member. Continuous time data which may be
deri&ed from the continuous signal may be used to derive

15 additional useful information in a variety of applications.

One application may be signature recognition which' is a
gsubset of the more general task of pattern recognition.
Applications such as these, where patterns are drawn from
complex data , benefit .greatly from the extra independent

20 information present in the continuéué time data. The method
may thus further comprise the step of implementing a neural
net for processing continuous time data. The neural net may be
trained by a set of examples, for example, a set of signatures.

~written by a particular subject or a set generated from a

25 knowledge of the typical variance caused by the human process

of writing. .



10 responses for signatures. Additional inprovenent may be achievable with
training using further exanples, either generated by the user or from
know edge of the expected variations in pressure and velocity.

Al ternativeWP 014884 conti nuouys time data may be used in 15PF5%HWPPﬁth
recognition, the detection of a "double-glick” or "the detection of the
strength of a c

ntact, e.g.. how hard a _click. th detectio

"doubl e-cl i ck" g‘néuﬁiﬁ@ﬁng?} eREPRET A Pbe? aPRIERE d2FF t RSt :‘?bafn'ngij‘g 8P Ehe

i mpul se sha in the continuous-tine da | t be possihle to use a

sl ower 20 EyggﬁP?B SR s rgrataioR Fﬁaﬁvaﬁigklﬁorg?%cﬁﬁl%%tﬁ%ré}e ARG 0y .
In contrast, conventionally the detection of a contact, be it pen, finger,
etc., is peffshRegorelysipns (inasimyi Mugh ofnphe IBERTHRILIhEVaHLEHEt on
concerning the contact 25 location is built up froma set of points. There
is no conthausentingeupntdmentdadin airl couplersly ofindepenggnt cireownshep
01/ 48684 PCT/ GB00/ 04851 8 , described above may not be perforned or maybe
perfornked pesitient isfarnatidy, Asimasuiéne ofnndutdd eguebby ceibedtyof

t he neasured bending wave signal may be used to determ ne the contact type

5 since thendhamwasest of fthequengiws ganaiss edubfaeachft yeke Ofmewibglrus
differ. For exanple a hard stylus will generate higher frequencies than a

soft fingerherdftse @heonbtla SHifdrnatdondeMidreddds Usite WobBedt hand rRel d
pen-i nput device nmaybe set up so as not to be triggered if the hand of the
operator tgdefif8te signature recognition. The method may further include
-the training of a second neural net with examples of time
10 responses for éignatures. Additional improvement -méy be
achievable with training wusing further examples, either
generated by the user or from knowledge of the expected
variations in preésure and velocity. |

Alternatively, the continuous time data may be used in

15 Thandwriting recognition, the detection of a “double-click” or
the detection of the strength of a contact, e.g. how hard a
click. Both detection of "double-click" and click strength
may be achieved with the image of the impulse shape in the
continuous-time data. It 'may be possible to use a slower

20 . position - sampling rate than other more -conventionai
technology.

In contrast, conventionally the detection of a contact,
be it pen, finger, etc., is performed at a pre-determined
éample rate and the information concerning the contact

25 location is built up from a set of points. There is no

continuous time information and thus mahy of the applications



10 the contact sensitive device. The differences in the frequency generated
by different types of stylus inply a difference in the absolute spati al

resol ution _achi evabl e; the higher frequency translates tlg r er
Gigafias:

resol uti of® ‘\'/er, the resolution difference often 15 wi th the

requi rements for the contact in questigon. For exanple, the spatial "
resolutign reguired fo I_nRput | Agel...i syal he
spati al 58?8?’&5?%9%%%6@6 Orb£¥§§P %Ing_lgp%gd&?#ypgs#grfte eféegﬁéébnéci es
gener at ed g_yL ghe contact are relatively 20 lowi.e.. generally audio
frequencPBEIPERREY™¥an ultrasonic. - Consequently, the nember is
preferably capabl e of Supportin bendi ng wave yi brati I n the audio
range. Thus, & MERGEFEMERh Pgr t?’& tfieﬁ?@é‘egggd cz%l\é&f? a 535'-[1?% PRIEDSt in a
| oudspeaker . nmay al so pbe used tQ act as a contact sensitive device. 25 The
cont act DERIIRG\ERYR \PEaNs e heh d1selo SRy %?Eeﬁﬁln%nﬂsl?i fgrtach RS
mount ed on the menber to generate bending WO 01/48684 PCT/ GBOO 04851 9
wave %i branpenthe charagterdstic Fremeensies gemeratrenbyY cpafh P ©% he
contact. The nenber may thus be an acoustic radiator and bendi ng wave
vi br at i ostivhuehdiffemherFomyexsmplec@ hardgehFlusevahl agensrake dutghar Such
vibration may be regarded 5 as a noise signal, although there are other
types. ofraquemcias gthbnwhi chofity fbfnbert tThusassi vaord@edi negendiisive here i s
an external noise signal, the method may further conprise techniques to
i sol at e HBeisei S6r sighalithr athhhd kehhglen-gempatatiestiby thite. lsondeictyp f or
exanpl e: :

so as not to be triggered if the hand of the operator touches

10 the corntact sensitive device.

The di.fferences in the frequency generated by different
types of stylus imply a difference in the absolute spatial
resolution achievable; the higher frequency trapslates o a
greé.ter 'res'olution. However, the resoiution | difference often

15 coincides with the requirements for the contact in. question.
For example, the spatial resolution required for an input by a
finger is usually less than the spatial resolution expected
for a sharp tipped stylus.

The freéuencigs generated by the contalct are relatively

20 low i.e.. generaily audio frequencies rather than ultrasonic.
‘Consequently, the member is preferably capable of supporting
bending wave vibration in the audio range. Thus, a member
gimilar to those used as an acoustic radiator in a loudspeaker
may also be used to act as a contact sensitive device.

25 The contact sensitive device way further comprise an

emitting transducer mounted on the member to generate bending



10 1) Prediction filtering which predicts the response. of the noise
signal' over a short tine scale. Differences’ fromthe predicted value are

nore likely_to enerated by a contact than by the emttj r ucers.
2) Model | n‘é’btoﬁ%gi se signal using a continuous | ogging o%@@ﬂ%ﬁgudi o]
signal . produced, together w th know edge of.. the: .transfer function from

the emitiiggyLr n ifh e SERBAL £o 1BESHa! EQWS: RE ITf 4L WelAb@ing

prediction e noise sign n predrction filtering. . 3) Using-the
multiple segseps (R UQLer MBe LHGHOC QP%M tﬂ% 0 @u’sEELPQ dalsdagducer
In the same manner as used to locatée t cont ac or exanpl e,
I ntersectign th . This informtion ,should facilitate the se ation of
he bendi nEPdajiding, iMede PR 1YL RS PETRTCBRY £ B (HEhoff ng
waves generated by the contact.. 25 Alternatively, .t he noise signal y be
used as anJEREFRIET P oBECYILIF PRS- in § &L 1OoR, fay erﬁgf"ﬁ%garray
further_ WO 01148684 PCT| GBQO 04851 10 conprise generate bendi ng waves in
the nerber@8o3 MRigsefional, saltheughenthege preoiderdrimRes sehsPRES®Ni ch
relies not on the generation of waves by the contact but on the response
of waves 8igeab ik awy ieffessé whabppssbve srRuHiad calWheahsbexenis 8n
caused by the contact. The bendi ng waves in the menber nmay be generated by
a stinml uextegml froise tsigraducerthepumeddiodn may névdherTheomprassducer
may have dual functionality, nanely acting. as an emtting transducer and
a sensor. ¥éckEnimieselyg timelateaythe noise signal from the signal
generated by the contact, for example:

10 1) Prediction filtering which predicts the response. of the
noise signal over a short time scale. Differences from the
predicted value are more likely to be generated by a contact
than by the emitting transducers.

2) Modelling the noise signal using a continuous logging of

15 the audio signal produced, together with knowledge of. the
transfer function from the emitting transducer to the sensor.
This allows a more accurate prediction of the noise signal
than prediction filtering.

3) Using the multiple sensors to determine the location of the

20 emitting transducer‘in the same manner as used to locate the .
contact (for example, intersection method). This information
should facilitate the separation of the bending waves
.generated by the emitting transducer from the bending waves
generated by the contact. .

25 Alternatively, the noise signal may be used as an active

probe of a contact in the member. Thus, the method may further



10 an em tting transducer and at |east one sensor nounted on the nenber.
The effect of the contact nay be reflective, absorbing, or a conbination

veves. wWOHUARE! cf fectod by the 16 contact and det act LGP, "Tre
sanme transducer or a separate sensorig The signal, either a tine or
el ati onSPRPErRe ey baRApd il O ST Phel bpkRGepT R Rndk RE S O
easur erBREL KRy SRS ST | LR oRERED OPFRBr oREPAEED  BoiGBoRorass chatad
| nf or mat EBR FEPSHRE <0t AR B PR FERCRRE Boh: 2t LR R o8

accurately. This may be achieved by sensing the reflectjon with multiple
sensor s, WaHes ea:FF%"-aA{"S Péfﬁsﬁﬁltuénspgﬁa‘?‘e‘ghﬁr &%aﬁaf“? F‘Bﬁ??i‘nec@ﬁtt’ﬁ%

transducer or froma different source for sonme or all of the sensors.

Ei t hed \eroseddep4heCronBecto4851 11 way, each sensor gives an.independent

nmeasurenent of the contact |ocation, which nmay be conbined to give a

progr essi vel yTher bepdtng awavesntiactthepdeanber vihash baceoeasrakedt PEndducer

nunber. 5 An alternative way to increase the |ocation accuracy nay be to

neasur e &bl signedy € reonb Eatiransincehemommipsl @y ethe membeger Thee, t hus

increasing the information in each neasurenent. I.n terns of a frequency

r esponsetrafsdudery mapr haspoddal o fangttahal ity equanely r esbing i ea. ahhe

ext ended . :
emitting transducer and a sensor. Alternatively, there may be

10 an emitting transducer and at least one sensor mounted on the
membexr.

The effect of the contact may be reflective, absorbing,
or a combination of the two. For reflection, an emitting
transducer generates bending waves, which are reflected by the

15 contact and detected either by the same transducer or a
separate sensor. The signal, either a time or frequency
response, may then-be processed with the wmaterial dispersion
relation information to yiéld the distance travelled from the
emitting transducer or source to the sensor via the contact.

20 One single measurement may be sufficient to differentiate
between two contact locations which are a substantial distance
apart. However, more information may be required to determine
the contact location more accurately. This may be achieved by
sensing the reflection with multiple sensors, where the

25 gtimulus signal may emanate from the emitting transducer or

from a different source for some or all of the sensors. Either



10 signal may al so contai.n information concerning both direct and indirect
reflection fromthe contact. Indirect reflection is a signal which arrives
at the sen f the contact via one or nore boundary r ' Thi s
met hod rraysﬁéof‘;égﬁg]?ded as equivalent to adding further se%fglggfsﬁog}ta&tsﬁe' :
mrror |ocations 15 of the initial sensgf, and may be enpl oyed to determ ne
an accurage co t | 1.0 ' ly. lne ens n
t ransducer %’g ! sre% %neggglrg%%g%%%%egﬁaylﬁdﬁééﬁ)gégr.gl?ggﬁlij%@%/’?he%% cglﬁ?act
sensitive devjce to.neasyre the erial dispersjon.20.relation jn the
menber . thﬂn£ﬂ8t00&95 + ?'ap&ﬁi% tfﬁ@%qu afycééﬁ*éégiokg are sti
present, which for,a:{egular shape are ngnifeit ag.strom refl ections
cor r espondPRESTESEHEEL ¥ BPLR cBSCHEAES cAoRbERbat g b?naw§gchFFEeaSln9
i npl ementation, the emtting transducer, sensor and boundary |ocations are
known 25 whreRSgrces nukar-of known reference points. A smooth function
representing the material dispersion relation may then be WO 01/48684
PCT/ GBGX) 04851 Anlapperpabise twavaip inrraaseyddisclogatdonu@gcuracyt may -
periodicities corresponding to these reference points are restored.
Furt her opbenteamcasuraythe pendingredhve vidgeition By theédmegberheveknawn
reference points such as a contact in a 5 pre-determned place.. This
schene al | doRgen | epmepenttdtuson infcrhdamiagt | whe setisfougmatEcmi glre weabhut
prior know edge of the material dispersion relation. Alternatively it may
be used toméhBerémie. a |Or teginsONof Ora t Feegiiehby Mepedperise | nghiel emapces,
present in

correspond to a greater frequency resolution. The extended

10 signal may also contain information concerning both direct and

indirect reflection from the contact. Indirect reflection is

a signal which arrives at the sensor from the contact wvia one

or more bounciary reflection. ' This method may be regarded as

equivalent to adding further sensors at the mirror locations

15 of the initial sensor, and may be employed to determine an

accurate contact location with only one -combined
source/sensing transducer.

A self-measuring scheme may be incorporated into the

contact sensitive device to measure the material dispersion

20 relation in the member. When no contact is applied the

boundary reflections are still present, which for a regular

shape  are manifest as strong reflections corresponding to the

distances to each boundary. For a specific implementation, the

emitting transducer, sensor and boundary locations are known

25 which gives a set of known reference points. A smooth function

representing the material dispersion relation may then be



10 the panel properties, or variations due to heat,..humdity, etc. Pure
absorption requires a different inplenentation to a schene based on

reflection. Thus the method may conprise inplenmenting a "r% traci ng
schene", WRMEBhe offect of the 15 contact is to interrUptCat@MBR i nci dent

on one or nore of the sensors. A vave, I ncident on a sensor may be created
by direct excitation, e.g. by one or %or e emtting transducers at an
opposed PBEANLBRE oiChy Wat® r ddte exEXeRUSRH f r 3 BneS¥Fhnptdathouhtar y
reflections. For -indirect excitation, the emtting 20 transducer may be

| ocat ed REridpgipbsies ocorrasponding a tpotheren rrferanae t poinessar .
Furthernore, indirect excitation allows detection of an absorbi ng contact
froma gseagbreds dhsdileer opiimibhabion may the peaformedndft heqworasbbywf the
boundary reflections. 25 Interruption of the incident wave may' al so result
in diffeddingnothent knbenmahefepenca points Huehefdseca obnt@r®l1ida8684

PCT/ (BBOO' 04851 13 diffraction makes the absorptive approach sensitive to a

much s W gee-asétarmiiml iglalcke case for pure ray tracing. The contact
| ocation" may be outside a direct path of the bending wave incident on the

sensor and meyhss i |dcltfeeClhlliBRsSi anal ifpTareitatdoy bbe 6RSQiotikke
I nformati on obtained by absorption nay be in a nore conplex formthan that

for a rebbREthdd tecPREGE  WEIAIRRAUEHH & 2 KiRkEclgEeldd JRRE - dRitastian
al gorithm may be required, such as a neural net” The stimulus signal
gener at ed; e f-dlen WARIIUEET Alternatively it may be used ‘to fine tume
| a correction for the small manuf'acturiﬁg tolerances present in
.10 the panel properties, or wvariations due to heat, humidity,
etc. .

‘Pure absorption requires a different implementation to a -
scheme based on reflect;i.on .” Thus the method may comprise
implementing a “ray tracing scheme”, where the effect of the

15 contact is to interrupt a wave incident on one 'or more of the
sensors. A wave incident on a sensor may be created by direct
excitation, e.g. by one or more emitting trahsducei‘s at an
opposed location, or by indirect excitation from one or more
boundary_ reflections. For -indirect excitation, the emitting

20 transducer may " be '];.ocated at any position, including a
position adjacent to the sensor. Furthermore, indirect
excitation allows. detection of an absorbing contact from a
single transducer, which acts as the source and the sensor of
the boundary reflections.

25 Interruption of the incident wave may also result in

diffraction about the absorption point. The effect of



10 preferably has good noise rejection, and preferably does not have an
audi bl y damagi ng or acoustically obvious effect. Thus, the stinulus signal
may have a very small anplitude or may be simlar to noise. For the
latter, a p‘gpt“x’éfﬁsér correlation may be hidden in'the noi 35”‘%?00%’??31
calculations to latch on to. 15 Alternaﬁéve, -the stimulus signal may be
made i naudible,'i.e. ultrasonic by incréasing the frequency above 20kHz..
Thi s has -fAEERacEIPRBakeRt the | abPRIRG ija apRRPECh FENEASF 1B §9c@ ANER the
hi gh frequency translates into a high spatial resolution. However, the
menber nuswigercapesl Ehan i@ppbet cage steh Rrreoray tvaeine Fhghsontrgsy
material s" are suitable, for exanple, glass, crystal polystyrene. The
stimul us silgraticmy may dbesentiiden anydirectof pable offol then hgndinmalweavel.
Pul sed excitation - note this does suffer from poor noise 25 rejection and
audi bi | i tyinclideht hasn sufHd cisemsoanpand udey \WBtG114888feCT/BRO0EA4RBL 14
2. Band limted noise - this signal is |less audibly damaging than nost in

any given teegii¢sgybpatide afshdms, e dshrafhagtont diotaitedrty bsdrpiddnt 0

the nost suitable frequency band. In addition it may be made ultrasonic. 5
3. Steady ghytesi g \@BVEASTKe Zeftl 180 0hsh JRALL! B0 §€ rdfilectifg
extrenely audi ble when in the audi o band. Inprovenents are to pl'ace the

frequency @uhghde. t BBndudhantPANd MoxrdS 6 dBd1lliBkaLClRIRIY 13RAGEGY iRk
with. random relative phase, thus naking the Signal audibly nore noise 10
like. ThisglLs BRe rEXHPLE, “Rlctf & A"bukldPindsS, audi bly
The stimulus signal generated by the. transducer
10 preferably has good noise rejection, and preferably does not
have an audibly damaéing or acoustically obvious effect. Thué,
the stimulus signal may have a very small amplitude or may be
‘similar to noise. For the latter, a particular correlation may
. be hidden in the noise for the calculations to latch on to.
15 Alternative, - the stimﬁlus signal may be made inaudible, i.e.
ultkasonic by increasing the frequency above 20kHz.. This has
the advantage that a large signal amplitude can be uséd and
the high frequency.translates into a high spatial resolution.
However, the member must be capable of supporting such an
20 ultrasonic signal. Many materials are suitable, for example,
glass, crystal polystyrene.
The stimulus signal may be chosen -from any one of the
following signals:
1. Pulsed excitation - note this does suffer from poor noise

25 . rejection and audibility, if it has sufficient amplitude.



noi se-1i ke, but has a hidden correlation that inproves the signal to noise
| evel . Another exanple of such a trace is an MS (Maxi mum Lengt h Sequence)
signal. 4. A chirp signal - this is a widely used signal_to determne 15 a
frequencyWPMM¥¥e of a systemover broad range of fre CPUL48IL, ey er

this may be practical only at wultras Qic frequencies, where it is not
audible. 5. An_audio signal - this may be fed into the transducers when

t he nenbér Bandelimitedeksen atbist BEgRal| 48 ofeF8r aydibly | da®aPEMKer .. In
this case there is no problemw th the stinulus signal having an audibly
danmagi ng efthan mogt iin jany givencEyeduenslt basshans bes tbe @g*éaﬁl'iﬂ%ded
audi o output. When a sensor and an emtting transducer are cl ose together
or the sanethatanstiumay, be . bavkdr bondhei gost puitabde f2éeqbsnehebampditi ng
transducer is generally much greater than the signal of interest

associ at ed m téadditd ceodttamby Baimadeayult®asbhd8684 PCT/ GB00/ 04851 15

I ntroduce problens which my be alleviated in a nunber of ways. For

exanpke, 3f.08teadi| Sestexginatudresi-gnthesd heive npsslir il ato tiheisensor
may be gated so that nmeasurement starts after an outgoi ng wave produced by

the enittingud (4A8SdEgEFehaly PrAMASISEd dHerd hefn t hatle t hgudld)s dbandiovever ,
extended tine stinulus signal are nore conmon than pul sed excitation

signal s si Nl feddib A% POPLadldl e  EHEGIARY, LRI IR ddign

extended ti stinmulus signal there are nmechanical 10 or other techniques

whi ch ey bﬁaﬁ@egz‘t Oujsgprtﬂﬁetigi% rgié‘éél‘.ﬁ? spaced sines with. random
relative phase, thus making the signal audibly more noise-

10 - 1like. This is one example .of a signal that is ‘audibly
noise-like, but has a hidden correlation that improves the
gsignal to noise level. Another example of such a trace is
an MLS (Maximum Length Sequence) signal.

- 4. A chirp signal ‘- thieg is a widely used signal to determine

i5 a frequency response of a system over broad range of.
frequencies. However this wmay be practical only at
ultrasonic frequencies, where it is not audible. |

5. An audio signal - this may be fed into the transducers
when the member is being ﬁsed as an acoustic radiator for a

20 ioudspeaker,. In this case there is no problem with the
stimulus éignal having an audibly damaging effect, as it is
the very signal responsible for the intended audio output.

When a sensor and an emitting transducer are close
together or the same transducer, a background -signal produced

25 by the emitting transducer is generally much greater than the

signal of interest associated with the contact. This may



magni tude of the contact signature, for exanple: 1) Placing the sensor at
approxi mately % wavel ength fronlthe emtting transducer so that the

magni tude of the outgoing wave 'detected at the sensor location is

i ni ni sed. YR hni que 15 may be used if the contact si é’ﬁg{quglﬂﬁs}n ted
to arelatively narrowrange of frequencies. 2) Locating the emtting
transducer and the sensor at one. drive~2point and' designing the' emtting
t ransducer inhnodud¢e probiemst whislhplmay nbe @ilewi@red physiac aumkermpepti es.
For 20 exanple, a bender transducer and an inertially coupled transducer
may be | ocwhpd. at Flor serempbé nt foin sutpwisey wexeitgbhenatsigral ei ther
transducer is not detected by the -other. However, a secondary wave which
i s either mehbarémsht r am tthe saidactmay beurpkuedesso s thateateagurementti Si ng
its relative 25 magnitude. 3) Addressing the problemin the electrica
domai n. A ¥EaPds 48084 PClHALBUUGMERY WavaraproRidsd Wy t hehe I efdeRSYg
response nay be achieved with a swept sine wave and a denodul ati on stage.

The outgoi BGaNBdGcer I AHE! RFRFebbbld fur@AadU e arPl OKkIC8Snaot-ar %wa%kgr ound
val ue of t he frequency résponse upon which the fine structure due to.

smal [ er E&EEM&E‘S thiffM LEEnCaN a%&%xél SURRS PRSEL confroR' tﬁ&i”“?‘dh akh 0”

(e.g. by.a chirp denodul ation circul the output my be a smal.l' ripple on
Pascod” i SRGRtAC IR DSR R0 B0 e CRISERLCHRLY polCRol L 8L B gb°
passed t hroug e per nen ne-structure

enphasi sed rela1t¥§ 10 to the |arge background. -

For'an extended time stimulus signal there are mechanical
10 or other technigques which may be used to improve the relative
magnitude of the contact signature, for example:
1) Placing the sensor at approximately ¥ wavelength from the
emitting transducer so that the magnitude of the outgoing wave
‘detected at the sensor location is minimised. This technique
15  may be used if the contact signal is limited to a relatively
narrow range of frequencies.
2) Locating the emitting transducer gnd the sensor at one
QriVE' point and’ designing the emitting transducer :and the
sensor to couple into orthogonal physical 'properties;‘ For
20 example, a bender transducer and an inertially coupled.
transducer may be located at the same point. An outgoing wave
generated by either transducer is not deteéted by Ehe'other.
However, a secondary wave which is either reflected from the
contact or boundaries is detected, maximising its relative
25 magnitude.

3) Addressing the problem in the electrical domain. A



4) Digitising the measured signal with sufficient accuracy so that it is
sensitive to the fine structure on top of the |arge background. The fine
-structure may then be enphasised with filtering in the_djdi omai n. 15
Dependingwgr?1 #8*use of the transducer it may either be gghg&@ﬁhwﬁree, or
four term nal device. Two term nal devices may be used as sensors or
emtting transducers separately. Al tefnati vel y they may be used as dual

f unct i onmepgpseueRt sof gher Eraquency nespanas ey oelcaehinmt Witdna he

I npedance of 20 the device. Three and four term nal devices use a separate-
transducewent sdneowayed and ta | demodwlaidererstags.  dlhehr @etgaidci wave devi ce
the sensor and emtting transducer share a comopn el ectrode, whereas the
sensor affitomnthei emgittins drmeasdueee preduces &l |hargeo backdround realue
four-term nal device. 25 The or each emtting transducer or sensor nmay be a
bender bfabhduErequénch responsdedpdhrweitidly the thimemsiractuterdexatpl e WO
01/ 48684 PCT/ GBOQO 04851 17 a piezoelectric transducer. The' bender

transgucemalaes @anRIcklibisdi o i enal comiact Ny hauReyraedge St SONE
applications. The directivity achieved is determned by their physical

shape angepByuifei&l oL Pe b;y]y REgnhass Oadhddil Dat idn ddirbhea Rl tREVaE RGeS
e

I ncl ude a hi gh conversion I ciency, |ow cost, and considerable

[ ObUSL neggy AL! g1 eﬁagye{yp%{c (P'a CRE Briddthy! VaROTHGChaOkaBSRRRT Y

be an iner transducer is coupled to t menber at ~a single

e SEEpRBE Ay PRy TR S ookt USSR i Fans
filter the pertinent fine structure may be emphasised relative

10 to the large background.

4) Digitising the measured signal with sufficient accuracy so
that it is sensitive to the fine striucture on top of the large
background. The fine-strucéure may then be emphasised with
filtering in the digital domain.

15 Depending on the usé of the transducer it may either be' a
two, three, or four terminal device. Two terminal devices may
be used as sensors or emitting transducers separately.
Alternatively they may be used as dual function transducers,
where a sensing function is determined from the impedance of

20 the device. Three and four terminal devices use a separate
transducer as sensor and emitting transducer. For a three-
terminal device the sensor and emitting transducer share a
common electrode, whereas the sensor and emitting transducer
are electrically isolated in the four-terminal device.

25 The or each emitting transducer or sensor may be a bender

transducer which is bonded directly to the member, for example



generally omi-directional, provided the contact point is snmall conpared
to the bendi ng wavel ength in the nenber at the frequency of interest. The
transducers_and/ or sensors may be placed with a 15 relati I

spaci ng ardﬂﬂ&h?ﬁ@4edge or. on the surface of the: nmenber s%%ﬁégﬁ&ﬁ§slhe
specific topology of the application. it my be possible to use audio
transducers which are already in placelas sensing and/or emtting
transducer 8. TPiiegoeRectmprtentmpasivaenny Zhe t benflgr | itrpnisducgreoustre
screen with the m ninum of extra hardware. However, if this approach is
not possi bgenehahly medirgrtsonadl,enwhishminggy - eovedvhntageous s it alsiowme
transducers, as these are particularly suited to the wultrasonic

f requenci eapphi.cht harys beThes edi fert acitw eachdrsiedg 1 s?2 Heteraritdiedg byo thetecond
aspect of the invention, there is provided a contact sensitive device
conpri si ngphyseohaer ¥Eapd/ 48684 MF/ CREFr&Ediel B8 anpadd e @dcordimpoiti ng
. bendi ng wave vibration and a sensor nounted on the nenber for neasuring
bendi ngs wapgdyt bbadl ORdvEnthg8s MR LdAN G f Righ' *RAekbiBE & rHighahdl0 a
processor which processes information relating to a contact nmade on™ a

surface 5 98wt 88sFEMd ddryiddienihangBubndsndi ng wave vibration in the

menber created by the contact.. The contact sensitive device may be a

passive sensor ayf @fﬁgi g v [ elg | gg%r Ls _onl xcited
by the contact an% n%t ylg’ny_-o ﬁoefr/ %E)% cée%&d%r%;]eﬁ:r#agﬁ Ve 3?5: ?%e%&gggnt act
sensitive lqgl\fl BS g%y i%%r%riai‘mtlr\égsagggg rWhJ].-gﬁ %g nagﬁtpled to the member

at .a single point. The inertial transducer may be either

10 electrodynamic or piezoelectric. Inertial transducers are
generally omni-directional, provided the contéct point is
small compared to the bending wavelength in the member at the
frequency of interest.

The transducers and/or sensors may be placed “with a

15 . relatively equal spacing around the edge or on the surface éf
the member éubject to the specific topology of the
application.

It may be possible to use audio tiansducers which are
already in place as sensing and/or emitting transducers. This

20 implementation may add the facility.fof a touéh screen with
the minimum of extra hardware. However, if this approach isg
not possgible theﬁ small piezo elements might prove the most
suitable transducers, as these are particularly suited to the
ultrasonic frequencies which may be used for active sensing.

25 According to a second aspect of the invention, there is

provided a contact sensitive device comprising a member



sensitive device may thus further conprise an emitting transducer for
exciting bending wave vibration in the nenber to probe for information
relating to the contact.. Information relating to the c '
calculateﬁgﬂynggiparing the 15 response of waves generatgﬁbgé&Wkgnenitting
transducer to a -nechanical constraint_caused by the contact.. The nenber -
may be capabl e of supporting bending ves in  the audio range. The contact
sensi t | veapeblee ofay sthnerbing bepdisgedde sTEPratien afAndcGusEPRSPRdi at or
of the | oudspeaker 20 acts as the nenber of the contact sensitive device
and an @ewunted epubhedmembehefer ouesasuringdibendingowaxei vibbapidmoin wave
vibration in the acoustic radiator to produce an acoustic output acts as
t he enit tthegnembasdandr fof thansmmiittdoly asaigngilv&odevprece@soir hehiaint act
sensitive device may further conprise display neans for presenting

I nf or mat ipaBceekbas eiinformdtei@p tadeitinlyi b WOCOhL 486 SHadEToXBAOSMMBAde 19 i S
cal cul ated by the processor. Thus, according to a third enbodi nent of the

presept iohvehki ABmbéHefrom THY @hhegd @n érsdimy witiecetibwhtioni tn algont act
sensitive device. The display screen may be a liquid crystal display

screen 5ueqBRti Séftdd W EHY ¥ohehstWhi ch may be used to excite or sense:-
bendi ng waves. The screen may be capabl e of supporting bending waves over

a broad frequeggy deftate [%éfﬁtjﬁ@t&é‘&iéé) mh€ BRET BehdEAVE | §888ort he

contact sensitive I's application therefore affords the

DO P htrbOblREFng v A CEn® EHE° RehBUE"18°BAL )| ¥Rciidd B
the contact and not by any other source. 'Altermatively, the
10 contact sensitive deviée,may be an active sensor. The contact
sensitive device may thus further comﬁrisé an emitting
transducer for exciting bending wave vibration in the member .
to probe for information relating to the contact. Information
relating to the contact is calculated by comparing the
15 response of waves generated Py the emitting t;ansducer to a
mechanical constraint caused by the contact. |
The member méy be capable of supporting bending waves in
the audio range. The contact sensitive device may thus be a
loudspeaker éuch that an.acoustie radiator of the loudspeaker
20 acts as the member of the contact sensitive device and an
exciter mounted on the acoustic radiator to excite bending
wave vibration in the acoustic radiator to produce an acoustic
output acts as the emitting transducerl of the contact
gsensitive device.
25 The contact sensitive device may further comprise display

means for presenting information related to the contact which



mechani cal parts. Since the nmethod nay be adapted to conpl ex shapes, a
contact sensitive device according to the invention may be included in a.
nobi | e phone, a laptop or a personal data 15 assistant. For @ﬁi t he
keypad convatoﬂlé’i‘ﬁ? ly fitted to a nobile phone may be replpg 31
conti nuous noul ding which is touch seni%tlve according to the present

I nvention. This proach nmay decrease sts and provi de an extended area
for use |hsalﬁﬁ1§“§9'p'?ﬁcm ofie progessex opThiifle REGORPABIWRICCha 28hixd
functions as a _nmouse controller may be replaced by a continuous noul di ng
which is aembndamen%eroﬁ t the demessmt adpventieni o thisxre njentprsvidede a
nmoul di ng may be 'inplenmented as a nouse controller or other alternatives,
e.g. a keyddspllay Thermdmanvhiels dis téae domtdichg senslttioret adevieasiti Yhe 25
devi ce and nmethod conpared to other technol ogies are: 1) A nore versatile

t echnol ogydwbptéyi sseeasht imey t bdoth WAAM/W 84 RGLl GADSpA4851 sc28en
| ocati on and pressure of the contact; 2) A cheaper form of contact

sensitige dewpeesfhdiCeiquhar Gryitale NAHHEH ChBRPt bef Ois@d &b kdifte or
transparent contacts or a conplex sensor of a.magnetic tip etc, 5 3) The

device is paadé! 5eﬁa§h§an56een @héeséﬂgeﬁpﬁ\&yabe eapabitVvbky S%Fege&ﬁ gl of
the material paraneters of the nenber, 4) By u3|ng a dual "Tunctioning

Constrai n 2 b ar R ?W%ﬁ%‘ rhkel.| 91kedR?bbiitaBlyo! I

the screen may trigger the contact sensitive device. This
application .therefore ' a;f:'fords the possibility to make a

10 standard LCD screen touch sensitive with no additional
mechanical parts.

Since the method may be adapted to complex shapes, a
contact sensitive device according to the invention may be
included in a mobile phone, a laptop or a personal data

15 assistant. For example, the keypad convéntionally fitted to a
mobile phone méy be replaced by a continuous moulding which is
fouch sensitive adcérding to the present invention. This
approach may decrease costs and provide an extended é.rea for
use in audio applications. 1In a laptop, the touchpad which

20 functions as a wmouse controller may be replaced by a
continuous moulding which is a contact sensitive device
according to the invention. The moulding may be implemented
as a mouse controller or other altermatives, e.g. a keyboard.

The advantages of the bending wave contact sensitive

25 device and method compared to other technologies are:

1) A more versatile technology which is sensitive to both -



The invention is diagrammatically illustrated, by way of exanple, in the
acconpanyi ng drawi ngs, in which: Figure 1 is an illustration of a touch
sensitive_ | oudspeaker according to the-present invention; 15 Figure 2a and
2b are i IVOIMB#ons of a bending wave | oudspeaker bef ofe/GRYPUPIe,
contact is applied; Figure 3.is a first, |oudspeaker incorporating passive
touch sensing according to a second efBodi nent . of the present invention;
20 Fi gur dogatdon aud apressmes pfakbe corERPor ati ng passive touch sensing
according to a second enbodi nent of the present invention; Figure 5is a -
bl ock di &r amPothaapeoctssi mf aiogbecthaehsitiymdegvigesedncagthererd®ng to a
first enbodi ment of the present 25 invention; Figure 6 is a first

| oudspeaker requipemeatt. nforcilany cak¥ay 1048 68rarPhreBb0 6d8tdct?1 oo h
sensing according to a first enbodi mrent of the present .invention; Figure
7 is a ficomplbrugeneskast iahaappetati byp asi¢,ve touch sensing according to:a
first enbodi nent of the present 5 V invention; Figure 8 is a block diagram
of ang iApl engRbatd&r deOPRLE0Meadifllyt NScAIE&IFIYE HAVesizoON and gl s a

bl ock di agram of a processing algorithmfor .active sensing according to a

first emidsiBMiof HyhecBhessDt oflOchdVaRitedialanthrameters of the
member, and
4) By using a dual functioning member, good quality sound

may be achieved within tight spatial and weight constraints..

10 BRIEF DESCRIPTION OF DRAWINGS

The invention is diagrammatically illustrated, by way of
example, in the accompanying drawin'gs, in which:~

Figure 1 is an illustration of a touch sensitive
loudspeaker according to the ‘present invention;

i5 Figure 2a and 2b are illustrati‘oﬁs of &  bending wave
loudspeaker .before and after contact is applied;

 Pigure 3 is a first. léudspeaker inéorporating passive
touch sensing according to a second embodiment of the present
invention;

20 - Pigure 4 is8 a secondl loudspeaker incorporating passive
touch sensing according to a second embodiment of the present
invention;

Figure 5 is a block diagram of a processing algorithm for
passive sensing according to a first embodiment of the present

25 invention;

Figure 6 is a first loudspeaker incorporating active



Figures 10a to 10d are a graphic illustration of a nethod of dispersion
correction. BEST MODES FOR CARRYI NG QUT THE | NVENTION Figure 1 shows a
contact sensitive device (10) conprising 15 a transparent itive
plate (12) WBIRE4in front of a display device (14). Thel’h&&%@@&givi ce
(14) may be in the formof a televisiog a conputer screen or other visual
di splay device. A stylus (18) in the fo ﬁ1pf amgen,is used for witing
text (20) bpueknhernaieg cpceprding tedch $éKEFt pUROdIPeRE 0P8 he) Prefent
transparent touch sensitive plate (12) is also an acoustic device capable
of support inyebeielng wave vibration. Three transducers (16) are nounted
on the plate (12). At |east two of the transducers (16) are sensin
transducers or REgeemsor sianda aférshusleeispeskes t tncorpematiing Behaiag
wave vibration in the plate. The third transducer (16) may al so be WO

01/ 48684 PEda&B08EAd 8RS adlordbmmstagat farstiueabodimenhadft hbespsteant
corresponds to the passive contact sensitive device of Figure 3 or Figure
4. Al tgrnahiegtioni he third transducer may be an emitting transducer for
exciting bending wave vibration in the plate so 5 that the system
corresponds to FiguAEta Vs BYckOiBG#EMCoE. an | T TkindritGitiond tebokbgy’ € 7
enbodi nent, the active sensor may act as a conbi ned | oudspeaker and

cont act’ séggi&ﬁgebfgggﬁgaiﬂaéﬂgﬂgﬁ.Za and 2b illustrate the general

principles of a contact sensitivé device (22) using bending wave vibration
as 10" the sengipg € £MEDL 11 HG GQUERGH SES' bidGHAYS 21T ithm for
active sensing according to a first embodiment of the present
10 in\}entién, and
Figui'es 10a to 10d are a gfaphic illustration of a method

of dispersion correction.

'BES‘I‘ MODES FOR CARRYING OUT THE INVENTiON
Figure 1 shows a contact sensitive device (10) comprising
15 ' a transparent touch sensitive plate (12) mounted in front of a
display device (14). The display device ' (14) may be in the
form of. a television, a computer screen or other wvisual
display device. A stylus (18) in the form of a pen is used
for writing text (20) or other matter on the touch sensitive

20 plate (12).

The transparent touch sensitive plate (12) is also an
acoustic device capable of supporting bending wave vibration.
- Three transducers (16) are mounted on the plate (12). At
least two of the transducers (16) are sensing transducers or
25 sensors and are thus sensitive to and wmonitor bending wave

vibration in the plate. The third transducer (16) may also be



conprises a panel (24) capable of . supporting bending wave vibration and
a sensing transducer (26) nounted on the panel (24) to sense bendi ng wave
vibration_in the panel (24) at the point where the sensjing transducer (26)
i s mount WO W#BEe 2a 15 shows the vibration pattern (28’)’(:"8?3?5’&455%9 wave
vibration in this case the normal unjnterrupted vibration pattern e.g. :
that of steady state at a given freq%%ncy or a transient pulse. In Figure
2b, cont &ctsenginge diranafuices t9e Bhatel t{l?4PY§Femc'&9F§6§PBB$ﬂt teadbheand t he
pattern of vibration is altered. 20 Contact nmay alter the vibration . :
pattern paspiveteentast diensitivagdenice ath Fdogusendi ay Meswese dioready in the
panel (24) or by generating new bendi ng waves whi ch emanate fromthe

cont act poi nt Ai8&natiinelxharhye thiwddbtzensdugmsmt t ey beg)an semiddiigwtl by t he
sensing transducer (26). Information relating 25 to the contact may be

det er m negtahsduréh efor adigigingfl behding ersienribratddncén, therplatade, by a
first processing unit. WO 01/48684 PCT/ GB00/ 04851 23 The information may
be rebaygdatOtrRe SE¢HHE PESEQSSHOMGIsU kot thehaehiost petisor hef i Fifcum@ats.on on
the display screen. The information may include details of the |ocation
and presgWr @hePFOGhi-€ @foﬁom%sfeTlmﬂbwimEﬁt,eﬁnépwtiée IgenEta: tayy

co-ordi nates of the contact. he characteristic size of the contact,

e.g. 'mfeoageép@a}&ﬁfﬁeﬁ 3 JRBBpRLKEE YA cohtACEOLERSPOINS deRrief,i nger. 3)

Profile of pressure of contact as a function of time. Figures 3 and 4 are

nore detail edgi L] rat i t it - -
"(32,33.). THELabHl (A | Al O (M0 ustdatEORRECeifPal ' piiinc i OE &

contact sensitive device (22) using bending wave vibration as

10 the sensing element. ' The contact sensitive device (22)
comprises a panel (24) capable of . supporting bending wave
vibration and a sensing transducer (2é)- mounted on the panel
(24) to seﬁse bending wave vibration in the panel (24) at the
point where the sensing transducer (26) is mounted. Figure 2a

15 shows the vibration pattern (28) of 'bending' wave vibration in
this case the normal uninterrupted vibration pattern e.g. that
of steady state at a given frequency or a transient pulsé.

In Figure 2b, contact has been made to the panel (24) at
contact point (30) and the pattern of vibration is altered.

20 Contact may alter the wvibration pattern (28) either by
disturbing the .path of bending waves already in the panel (24)
or by generating new bending waves which emanate from  the
contact point (30). The change in vibration pattern (28) is
sensed by the sensing transducer (26). Information relating

25 to the contact may be determined from the readings of the

‘sensing transducer, for example, by a first procéssing unit.



devices .(32,33) conprises a panel (24) capable of supporting bending wave
vi bration and three sensing transducers (26) for sensing bendi ng wave
vibration at their respective nounting points. The vibrati rn (28)

i s created WR&Y4B&ssure is 15 applied at a contact- point f%%ﬁ&%‘gssbevi ces
may be considered, .to be passive contqg% sensitive devices since the
devices do not conprise an em tting tranhsducer. Thus the bending wayve
panel vi brHee oAnfarapeionneRy ?egeﬁ%#aex% £Q| 8 P93Pt PTREPRHAY YBLEn a
passi ve sensor an inpulse in the body of the panel _ (24) starts a bending
wave travewihicly owiengs tbke edgfosmatien wmhelther4disnlay haEsFesy -wallei s
detected by the three sensing transducers (26) nounted equidistantly.
around t heimefigpsatdon mayi jockide odetpilisheof hthe tenstiont andspuessureunt ed
on a 25 surface of the panel (24) but spaced fromthe edges of the panel
(24) as i npfoflilkee of chntameaimpalisdentomnexsapdesi gnals WO 01/ 48684

PCT/ GBOO/ 04851 24 processed to determ ne the spatial origin and force

profil e of1) tige appt iced drdiiuhEes &f the dordapes an al gorithmfor the
processi ng of the bending wave information sensed at each sensing

transducera) 5 ¢R6) ehakheHepisdtDE Fhodee 6f Thoed! GirddyB, cOM@Id sesimhe
followng steps: i) Optimse the signal at each sensing transducer to

mnimse gxal ndéng_%[”ge \?gxi Egﬁﬁ Lk N0y RIzHeehbARsOf ot B8 Shginal - can

be used to predict an ound noise. 107i11) Calculate the

frequency §FSﬁpéﬁﬁeatofe%%sts@gsgfC&';ntact as a function of time.

Figures 3 and 4 are more detailed illustration of two

100 contact sensitive devices (32,33). The contact sensitive
devices (32,33) comprises a panel (24) capable of supporting
bending wave vibration and three sensing transducers (26) for
.sensing bending wave vibration at their respeétive mounting
points. Tk-le vibration pattern (28) is created when pél:essure- is

15 applied at a contact point (30). The devices may be considered.
to be passive contact sensitive devices since the devices do
not comprise an emitting traﬁsducer. Thus the bending wave
panel wvibration in .the panel is generated solely by the
contact.

20 In a passive sensor an impulse in the body of the panel
(24) starts a bending wave t:;:'avelling towards the edge of the
panel (24). The bending wave is detected by the three sensing
transducers (26) mounted equidistantly around the edges as in
Figure 3 or by the three sensing transducer mounted on a

25 surface of the panel (24) but spaced from the edges of the

panel (24) as in Figure 4. The measured bending wave signals



iii) (Optional) Add in information on the |ocation,of the contact inpulse
I f avail abl e fron1active sensing. iv) Add in material parameter
|nfornat|on LBlng the information available fromste g é (% g%iii) and
15 (iv); 45 or panel dispersion to give non-disper ¢T/eB '@ onse. Vi)
Conput e the |nverse fft of the respon$ at the contact tine giving the

i mpul se shape at the contact point vi ? Qut put, i nformation detailing the

i npul se Prepesard tczoiw@aur@n thef 6Pﬁ’ﬁ%?%r9##9%(ﬁﬂdr é@rwheraﬁif%t%ées of
passi ve sensing include: 1) the nmethod enconpasses nore than one frequency.
and i ncthegespplied clrulse.equency content required to inage the inpulse
shape, and 25 2) as the nethod is passive the power requirenents are

m ni mal . WO OFig@684 SPEHGBROGD485goritian fpe theadwevesgdngf qfasthee
sensing-is that the frequency content of the nmeasured signal is limted by
t he fr eqbending c emtvent imfortres iiomp useresedCoat e qacit | gendindi ghansdwerency
information is limted, which translates into a relatively 5. |ong bendi ng
vavel engt(he) TRE Fiahirdl 3 esp! Pligape okt .t herlss gabdorithn heommirsed i thd ed.

Figures 6 and 7 are nore detailed illustrations of alternative conbined
touch segsiibwen rgt Lo devices (35,37). The devices each conprise a
panel (24) capable 10 supporting bending wave vibration and an emtting

transducey optimise the signal at each sensing transducer to minimise
external unwanted signals. Linear prediction of thg signal can
be used to predict and remove background noise. |
10 ii) Calculate the frequency response at each traﬁsducer.
iii) (Optional) Add in information on the location of the
contact impulse if available from active sensing.
iv) Add in material parameter information.
v) Using the information available from steps (ii), (iii) and
15 ({iv); Correct for panel dispersion to give‘ non-dispersive
response.
vi) Compute the inverse fft of the response at the contact -
time giving the impulse shape at the contact point
vii) Output information detailing the impu;se shape and
20 location information if required.
The advantages of passive sensing include:-
1) the method encompasses more than one frequency and
includes sufficient freqﬁency content required to image the
_ impulse shape, and
25 2) ags the method is passive the power requirements are

minimal.



(31) for exciting bending wave vibration in the panel (24). The device
(35) in Figure 6 further conprise two additional sensing transducers (26)
for sensin ndj wave vibration at their respective no | Lpts
wher eas thg'vaz’ylg%‘;g?w?) in 15 Figure 7 conprises .one addi t?@%}gﬂg@%?ng
transducer (26). The vibration pattern,£28) is interrupted when pressure
Is applied at a contact point (%8%) The devi ces mag/ e cq_g_%i %ered to be
active contact SBRsTIFIEVIRRAIS: OLs PREEVRSTR/IRS ctg}ﬁyri re8HFPEY ng
transducer (31). 20 In Figure 6, the sensing and .em_tting fransducers
(26,31) arenteateefedihali veasersd oPbomdl t AE JddgEdest Whethandregpancy
whereas in Figure 7, the sensing and emtting transducers (26,31) are

di stanced tovbenhe afigsbheof impwlgmnel Comgequantdie theurmigh t Sredygne¥ce
thereof. The transducers in Figure 7 are 25 spaced equally on the surface
of the pangéhfofingiias Ssantimitdd,usvhidtk prsvsbatesnpndgeent atiedativelno
01/ 48684 PCT/ GB00/ 04851 26 the active contact sensitive device. In Figure
8, the menloay berdims Sevdidhgthut pOThe espdtial ateseityhitorsicgh&he( 8Gynahi ch
is converted by the digital to anal ogue converter (DAC) (38) to an

anal ogue otgpthersfairal1{nfiBed.The anal ogue out put signal 5 (40) is fed to
an anplifier (42) which feeds an anplified analogue output signal (44) to
the emtti ng_trﬂ?éiyé@r 3k Fheasd tidR0 HednsdugerilRigtri¥ichsbeadi ng
wave excitation T46) which excites bending waves in the panel (48). The

bendi g vayepeliat e PABGhLLAR) 2EGuSENSEEnale RRST RS 10udtEP GBOLCRY VO

sensi ng transducers. . e sensing
(35,37). The devices each comprise a. panel (24) capable of

10 supporting bending wave vibration and an emitting transducer
{(31) for exciting bendiﬁg wave vibration in the panel (24).
The device (35) in Figure 6 further comprise two addifional
sensing transducers (26) for sensing _bending wave vibration at
tﬁeirurespective mounting points whereas the device (37) in

15 Figure 7 comprises one additional sensing transducer (26).
The wvibration pattern (28) is interrupted when pressure is
applied at a contact point (30). The devices may be considered
to be active contact sensgitive devices since the devices
comprise an emitting transducer t31).

20 In Figure 6, the sensing and emitting transducers (26,31)
are spaced equidistantly around the edges of the panel (24)
whereas in Figure 7, the sensing and emitting transducers
(26,31) are distanced from the edges of the panel (24) and are
mounted to a surface thereof. The transducers in Figure 7 are

25 spaced equally on the surface of the panel.

Figures 8 and 9 illustrate possible implementations of



transducers (26) convert the bending wave vibration into anal ogue input
signals (52) which are fed into an input analogue to digital converter
(ADC) (54). The resultant digital input signal (56) is transmtted to the
central 1WOMUEBEsor (34) from which information (58) rePQVERIMVESY e

| ocation and profile of the contact ipgpulse is determned. In Figure 9,
there is shown a nethod for determni the |location of the contact point,
the step$har achive oPPrivact mensijveedpeteor nel lioure 8enthal cerlerksor
shown in Figure 6: 20 a) Measure frequency response at each sensing

t r ansduc@rocegpool3étt ohibpupanal diigipak sturpute| sidnal ci3@omfuiah tie fft to
give the tine response for a non- dispersive nediumd) Conpare the tine

r esponse cooverted ebgnther digbhsk, tohenelog@ie t demeertemo(DRt)er (8d) damt act to
the panel e) ldentify the reflections originating fromthe contact WO

01148684 aRCEa20gL84 dutpul 7 sippialt .(40) . Perfios naesliugnieo caitipant os.grivel
rel evant reflections to identify their origin. g) Qutput. the i nformatlon

det ai i nq4bhe ilsocéd 0RoOfard hempDi ik acd2) AdHash ageeds§ =aCtamslseied Ng
i nclude: 1) as the technique neasures the response to an external signal,

hi gh fregﬂ&ﬂéﬁué“&ﬁf?ﬁ&'Qﬂgﬁ§1n@44i'H%t€Heaeﬂlﬁtﬂm9htréﬁﬁﬁuéﬂr" gspl ution is
possi bl e, and 10 he susceptibility to external noise can be greatly
The emitting transducer (31) emits bending wave excitation
(46) which excites bending waves in the panel (48).
The bending waves in the panel (48) are sensed at sehsing
10 step (50) by two sensing transducers -(26) . The sensing
transducers (26) convert the bendlng wave vibration into
analogue input signals (52) which are fed into an input
analogue to digital converter (ADC) (54). The resultant
digital input signal (56) is transmitted to the  central
15 'processor (34) from which informat?ion (58) relating to the
location and profile of the contact impulse is determined.
In Figure 9, there is shown a method for determining the
location of the contact point, the steps are as follows and
may be performed by the gentral ﬁrocessor shown in Figure 6:
20 a) Measure frequency response at each sensing transducer.
b) Correct for panel dispersion relation
c) Compute the f£ft to give the time response for a non-
dispersive medium
d) Compare the ;ime response to a refereﬁce response, where
25 there is no external contact té'the panel

e) Identify the reflections originating from the contact



reduced. This can be achieved by sensing the response in a frequency band
where the external noise is small, such as above the audi ble spectrum An
alternative is to give the signal a particular correlatio ' its
detection ewgr?"“%‘gwhen smal | conpared to the background ngp;bl‘g.ﬁﬂwnisg?

Di sadvant ages of active sensing include;_1) the technique is likely to be

| ess sensitive to the profile of the |?r7pul se than the passive schemne.
However, ¥t sophisticated processing may inprove this situation. For 20
exanple, the greater the pressure of a finger or_pen the |arger the degree
of extra déhpiRegrfiarrel pcho bkodatticsuond. thehi xekeuanie redAectienshyta .
relative sinple extra processing of the data, and 2) the need for an

ext ernal sidmetiifiys theded prtiginequire nore 25 power than the passive
measurenent. This drawback can be 'mnimsed by naking the exciting signal
as smal | ag) parfdguice. tWO Olhfcamt ildnl/ aeaildfgl ti8 AlmativhenoEhethe
exciting signal is at high frequency piezo transducers nmay be enpl oyed,
whi ch Ravegsddia@dvant age of a very high efficiency. In many applications

the one single inplenentation of the 5 bending wave contact sensitive
devi ce may not i@vég.ﬁﬁ@re@ ofeggggpetgeﬁ% Viddl e -si tuations. For exanple
a passive sensor work well when there |s no audi o bei-ng pl ayed

Lonoudh Ly deuge h%‘é‘é%ﬁc@#%?”%ﬁ&%%%%”? LSRRI W e
signal as éhg%aslt' r?i‘lét? frequ y :H‘h':to%atlon is not limited and a high
spatial resolution is possible, and
10 2) the susqeptibility to external noise can be greatly
reduced. This can be achieved by sensing the response in a
frequency band where the external noise is ‘small, such as
above the audible spectrum. An alternative is to give the
signal a particular correlation, enabling its detection even
15 when emall compared to the background noise.
Disadvantages of active sensing include:-
1) the - technique is 1likely to be less sensitive to the
profile of the impulse than the passive scheme. ' However, more
sophisticated procegsing may improve this situation. Fox
20 example, the greater the pressure of a finger or pen the
larger the degree of extra damping likely to be introduced.
This may be identified by a relative simple extra processing
of the data, and
2) the need for an external signal is likely to require more
25 power than the passive measurement. This drawback can be

‘minimised by making the exciting signal as small as possible.



Therefore a conbi nation of nore than one particular inplenentation may
prove to be the best solution. Furthernore, in the transition region

bet ween t ive.and active sensing there may be use Lpfo tion
obt ai nabl@&ﬁ%ﬁﬁ%“ﬁ bot h techni ques. Figures 10a to 10d Eﬁlgﬁhﬁ&%g eps in
one possi ble nethod of correcting to gonvert t he neasured bendi ng wave ;

signal to_a propagation signal frqm% non-.di sper.sj ve_nedi um. Fi gure 10a
is a graphses ahemsperei eECikpRY s&iFBRporise %thoﬁilﬁb rmyzopf%zo
arbitrary units against time. Figure 10b is. a graph of a dispersive .
f r equenciraneducees shavi g reeyed, i wWiak thaws the edvaghpgst ofr équency.
Figure 10c is a graph of a non- dispersive frequency response show ng
responseveny high tefficiendiyt.s agai nst frequency. Figure 10d is a graph of -a
non 25 di spersive inmpul se response showi ng. response in arbitrary units
agai nst ti ne. IMGnédy 488U RET/CBB06hE4853d sl rimplemeptatiohedEiithe t he,
wavespeed is proportional to the square root of frequency i.e. the high

f r equencyes@iifi@nanive otoAbicipardenaikive walerilceaveby frcit ebet hgendrted | ower
frequency conponents. Figure 10a shows an inpulse in an ideal mediumb5

With a sguaiigh’ @l ebsPewsthn 19l asinunmtdthedemnst eatmpléhal passliwpersi ve
medi um does not preserve the. waveshape of an inpul se. The outgoi ng wave

(60) is guhdept a1l iwBrd NVeBNdwhBR tBehe Sidndd G&ANol DeiRiceasl4red over
time, which.nakes a determ nation of an exact contact position
probl emaihen,df) ShOCELPHLE. MASURION whbnt RBulT RABEECYsT BERAYSE1Aved,
an active sensor, either at frequencies'out of the audio band
10 or using the musical gignal as the stimulus, is more suited.
Therefore' a combination of more than one ﬁarticular
implementation may prove to be the Dbest - solution.
Fﬁrfhermore, in the transition region between the passive. and
active sensing there may be useful iﬁformation.obtainable from
15 Dboth technigues. .
Figures 10a to 104 show the steps in one possib;e method
of correcting to conver£ the measured bending wave signal to a
propagation signal from a non-dispersive medium. Figure 10a
igs a graph of a dispefsiVe impulse response showing response
20 in arbitrary ﬁnits against time. Figure 10b is a graph of a
dispersive frequency response showing response ip arbitrary
units against frequency. Figure 10c is a graph of a non-
dispersive frequency response showing response in . arbitrary
units against £frequency. Figﬁre 10d is a graph of a non-
25 dispersive impulse response showing response in arbitrary

units against time.



characteristic of.a reflection, and is often referred to as conb
filtering. Physically, the periodic variation in the frequency response
derives fromthe nunber of wavelengths that fit between t@gFﬁﬁgrﬁe and t he
reflector. KOO8 equency is 15 increased and the nunber Vet88hgt hs
frtting in this space increases,, the pgterference of the reflected wave
with the outgoing wave oscill ates, between constructi,ve and destrugctjve.

Cal cul ating t hePPBLPYES PlakerBeRiHAT s Hows HERDesg Lo RHBLTFopRhsbof

Fi gure- 10a produces the frequency response 20 shown_in Figure |0Ob. The
frequency Fg§p§ﬁ§@r$sr?R#r?ﬁHﬁRﬁﬂq?ﬂﬁﬁdltﬁe bhe i gk $%eqUANHH cRmpRRent
wavel ength translates to a variation in frequency that gets slower with

i ncr easi ngoff enyupatyicaian wave tawvedguinetesithar theyjawey faequency

di spersion in which the wavel ength is proportional to the 25 square root of
t he i nver seomponénesiueFigurdhd Oaf faiwwsof an héamppisel ivn ameiflezhumedgum
response is therefore to stretch the WD 01/ 48684 PCT/ GBOO/ 04851 30
responsge awighf anstuare afoot réipeirey oac reldt hon tamd hiengamtrateiss phati an.
Consequently, a correction for the panel dispersion nmay be applied by

appl yi ng t Bgspareive SidEhed dbest ot I geRReYredOtRE N, witeshdRSt OFI Ngnt he
periodicity present 5 in the non-dispersive case. By warping the frequency
axis W th gyl BYerBike VutldPindaRte 68peisi SRiddnIWe dike" t1RY aB8 the
transforned Tnto the fredquency response for the non-dispersive case
(Figure 10ghnbn sithish (BS) [ IAHUSREKA! SUCT LPLLOT Ik P GROE! Giled Oat e

10 inverse of the wavel eng sinple relatronship transl ates
determination of an exact contact position problematic.

10’ . A periodic variation of the frequency résponse .:'Ls
characteristic of a reflection, and is often referred to as
comb filtering. Physically, the periodic wvariation in the
frequency résponse derives from the number of wavelengths that
fit beﬁween the source and the reflector. As the frequeﬁcy is

15 increased and the number of wavelengths fitting in this space
increases, the interference of the reflected wave with the
outgoing wave oscillates between constructive and destructive.

Calculating the Fourier transform of the dispersive
impulse response of Figure 10a produces the frequency response

20 shown in Figﬁre 10b. The frequency response is non-periodic
and the periodic vﬁriation with wavelength translates to a
variation in frequency that gets slower with increasing
frequency. This 1is a consequence of the square root
dispersion in which the wavelength is proportional to the

25 square root of the inverse of frequency. The effect of the

panel on the frequency response is therefore to stretch the



the periodic variation with decreasing wavel ength to a periodic variation

with "increasing frequency as shown in Figure 10c. Applying

Fast Fourier Transform (fft) to the 15 trace of Figure 10c B

i npul se r WU shown in Figure 10d which is correct ed?¢HF

t he-i nverse
roduces an
YU, si on and

where the clear reflection is restoregd. As is shown in Figure | bd any

particul ar waveshape of an inpul se i Shreserved in tine since

t he waves

travel | i HgsPenge nda- @i shoratiipn il EreEisRcy: 2eceEiintoyEhecipepeds
travel, independent of their frequency. Accordingly, the task of echo .
| ocat i ondispexsior.vel Consequently,f ordar ¢orreetdongoi iRy wabvhke (6®@pmed evi dent
at tine t=0, together with a clear reflection (68) at 4ns. The reflection
(68) hasdhspengidrudeayhbe hapsl Hash rimx i appletiyngo ey uartearseofstivegch23n _
magni t ude of the outgoing wave (66). | NDUSTRI AL APPLI CABI LI TY WD 01/-48684
PCT/ GBO0OtRhd 85 teqiddncy h@omadient tlous t hestqrrimg dewe spexialiciny ghemenizgeous
contact sensitive device, and a contact sensitive device conbined with a
bendigng mv&@m_ﬁ%ﬁeed@aé&e. WO 01/ 48684 PCT/ GB00/ 04851 32 CLAI M5

1. A nethod of determning information relating to a contact

on a contact

sensitive devgf,ewggﬁpﬁésk:ng tRqgbbAey akiBr Mith Nthet IBVELSe CaPakkhe of -

supporting bendi ng waves, 5 contacting the nenber at a discrete |ocation
to produggn® dispersion, Figure 10b may be transformed into the

10

15

20

25

frequency response for the non-dispersive case (Figure 10c) in

. which the frequency of excitation is proportional to the

inverse of the wavelength. Thie simple relationship translates
the 'per:’i.o'dic yariatior} with decreasing wavelength to a
periodic wvariation with increasing frequency as shown in
Figure 10c.

Applying the. inverse Fast Fourier Transform . (£ft) to the
t:f:'ace of Figure 10c produces an impulse response shown in
Figure 104 which is corrected for dispersion and where thé
clear reflection is restored. As is shown in Figure 104 any
particular waveshape of an impulse is i)reserved in time since
the waves travelling in a non-dispersive medium have a
constant velocity of travel, independent of their frequency.
Accordingly, the task of echo location is relatively straight
forward. The outgoing wave (66) is evident at time t=0,
together with a clear reflection (68) at 4ms. The reflection
(68) has a magnitude which is approximately one-quarter of the
magnitude of the outgoing wave (66).

INDUSTRIAL APPLICABILITY




change in bending wave vibration in the nmenber, providing at |east one
nmeasuring nmeans attached to the nenber for measuring the changed bendi ng
wave vibration in the nmenber to determ ne a neasured bendi ni wave signal

and 10 pr ocWOMMBE he neasured bending wave signal to cal cBCA{GB00/04851
information relating-to the contact. 2. met hod according to claiml,
further conprising the step of applyi correction to_convert the

measur ed bendi e widp¥entingl sy BF@W&@%% &h BPYRAl F1DnRAvABRRIRQWRS si ve
wave 15 source. 3. A nethod according to, claim?2, wherein the correction
appl i ed i scoptagt oseasidivperdevice el &ndonaof comacint @engitdve tdeviesher .

4. A nethod according to claim3, wherein the dispersion 20 relation is
nmodel | ed bgorisi eyl Mie&:rb'm&hiengimgvuawlpariain acoustégbdeuicen with known
physi cal parameters of the material of the nenber. 5. A nmethod according
to claim 3, ‘'wherein the dispersion relation is neasured by using a | aser
vi broneter to create an 25 inage of the vibration pattern in the nenber
for a nunber of given frequencies to give the dispersion relation in the
This Sheet Has Been Replaced | [1LILEL TEEEED ML VELLE L LT
JITTuHLI111221I NL2tEE *CLMb* WO 01/ 48684 PCT/ GB00O/ 04851 33 frequency
range of interest. 6. A nmethod according to claim3, wherein the dispersion
relation is nmeasured using a self-nmeasuring scheme which is



I ncorporated into the contact sensitive device. .5 7. A nethod according to
any one of the preceding clains, wherein the or. each neasuring neans is
inthe formof a sensor. 8. A method according to claimy7, further
conpri si nWOMY#i ng the or each sensor .on an edge of th¥ 'ﬁﬁﬁﬂwv S110 9. A
met hod according to claim7, further % nprising nounting the or each
sensor on the nenber spaced froman e g of the nmenber. 10. A nethod
according to any one of the precedi 8§28M&ins, further conprising the step
of conparing the neasured bending 15 wave signal with a reference signal -
to identilfy whemetbod aof détermindanglinformation nedesidongota eentagte of the
preceding clainms, wherein the information relating to the contact

conpr i seent hecohbzat | sangiftivieedevintactomistidg Ahgeshegs aeor di ng to any
one of the preceding clains, wherein the information relating to the
contact conprpgesidhey araember ohpiibbe cofit suppoRiBing\ hehdiioddy aeanesli ng to
any one of the preceding clains, wherein the information relating to the

contagt conprgeftaéng e mgabeE hbiea ChIB@RLe 1écafibRt b6 brshigdiang to
any one of the preceding clains, This Sheet Has Been Replaced I 1"I11

1T~ 1283300134 ' bdddiing Wabk! vibdddidd ikl knblmblibbrN s WO 01/ 48684
PCT/ GBOO 04851 34 wherel n novenent of the contact on the nmenber generates

a providing at least one measuring means attached to the
member for measuring the changed bending wave vibration in the
member to determine a measured bending wave signal and

10 .processing the measured bending wave signal t.o calculate
information relating to the cont.:act.
2. A method according to claim 1, further comprising the
step of applying a correction to convert the measured bending
wave signal to a propagation éignal from a non-dispersive wave
15 source. -
3. A method according to ,.claim 2, wherein the correction
applied is based on'a dispersion relation of the material of
the member.
4. A uwethod according to c¢laim 3, wherein the dispersion
20 relation is modelled by using the ber'lding wave equation in
combination with known physical éarameters of the material of
the member.
5. A method according to claim 3, wherein the dispersion
relation is measured by ﬁsing a laser vibrometer to create an
25 image of the vibration pattern in the member for a number of

given frequencies to give the dispersion relation in the

This St Has e Replce ‘] T OO




continuous signal which. is affected by. the |ocation, pressure and speed
of' the contact on the nenber and continuous tine data fromthe continuous
signal is erive additional 5 useful information ' to the
cont act . 1é§8ihﬁé?ﬂod according to claim 14, further conpr&gﬁﬁé%@ﬁ S1 step
of inplementing a neural net-for procesging continuous tine data. 16. A
nmet hod according to any one' of the preceding clainms, 10 wherein the

cont act t)é%? é@Fé&.°&rbﬂFﬁr?% th froma stylus or a finger. 17. A
nmet hod according to any one of the precedjng_clains, , further conprijsing
nmeasuring $he f eﬂﬁ%ﬁ% GEFCERENGf YoheClad s dr e PSRN G RRAV EigPgRRIoR o
determne the contact type. 15 18. A nethod according to_any one of the
precedi ng ¥¢katken i ymepsprednppisgng oM -desgurnadnasbeme: ghidch is
transparent. 19. A nethod according to any one of the preceding clains,
further colprornargtedoingionghenhcompadiersansifdviendenéceor m of a panel. 20
20. A method according to any one of the preceding clains, further ,
conpri $i ng7 pr o\A dnelghod eageabding otbasayuneorafl tie chnessdingl . cYaimt hod
according to any one of clainms 1 to 18, wherein the nenber has a conpl ex
shape and whemdapt the adgoeathmueasu2ingsatedrs dési vin | _her nfdrONoEel @t i ng
to the contact fromthe neasuring bending wave signal. Il I I I I I | 171
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8. A method according to claim 7, further comprising

mounting the or each sensor on an edge of the tﬁember.

:10 9. A method :according to claim 7, further. comprising
mountiing the or each sensor on the member ;spaced from an edge
of the member.

-10. A method according to any one of the preceding claims,
furthér comprising the sﬁep of coﬁparing the measured bending

15 wave signal with a reference signal to identify when contact
is made.

11. A wmethod according to any one of the preceding claims,
wherein -the,.informatioh relating to the contact compriées the
location of the contact.

20 12. A method according to any oné of the preceding claims,
wherein the information relating to the contact comprises the
pressure of the contact.

13. A wmethod according to any one of the preceding claims,
wherein the information relating to the contact comprises the

25 size of the contact.

14. A method according to any one of the preceding claims,
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111 WO 01/48684 PCT/ GBOO 04851 35 22. A nethod according to claim 21,
wherein the adaptive algorithmis inplenented in a neural net. 23. A

nmet hod according to any one of the preceding clains, e| change in
t he bendi W ‘\Mﬁ%‘% 4vibration produced by 5 the contact |s E@é‘ﬂgﬁlation of
bendi ng wave vibration in the rrenber 24. A nethod according to any one of

the preceding clains, further n$r| SI ng grg%’grji ng.an emtti n‘% t ransducer
mount ed WReTeHE WMeveRent ffe té?ﬁ t EPHATYT afiBd r@%ﬂ%ﬁ"ét PRESHENS n§ wave 10
vibration in the nenber to_probe for |nfornat|on relatl t he contact
25. A meeomkinir diepalo vBighmissatfarted e o %’r'o‘ﬂrﬁ
emtting transducer having dual functionalit actl ng as the em tt| ng
t ransduceand aspeadsofis dihe 1GMBCLA ot HoRl BEUBPRI AB di GoPtANHPYS SAMEl ai m 24,
wherein the "effect of the contact is.reflective, such that bendi ng waves
gener at edaty fhah €he t comginuauss dignalarie rugfeade dice flagi vieh exddisrional and
detected by the or each sensor. 27. A nethod according to claim23 or claim
24, whereasefiheinfimetient relatimey dontchet costadisor bi ng such that bendi ng
waves. generated by the .emtting transducer are absorbed by the contact
and det egged. a byeth6d OhceeEdiBENSOr cldfm Adpetfourtitherc aotiprdsiogcithem 26 or
claim 27, wherein the effect of the contact is .detected by the or each
sensor Usidl of5 implemeatifyCht aleuealfl nem e Qirotusikouretatinueikect i ons.
time data.
16. A method according to any one of the preceding claims,

‘10 wherein the contact type is selected from a touch from a
stylus or a finger.

17. A method according to any one of the preceding claims,
further comprising measuring the frequency content of the
measured bending wave signal to determine the contact type.

15 18. A method according to any one of the preceding claims,.
further comprising providing the member to be transparent.

' 19. A method according to any one of the preceding claims,
further comprising providing the member to be in the form of a
panel.

20 20. A method according to any one of the preceding claims,
further comprising providing the wmember to have uniform
thickness.

21. A method according to any one of claims 1 to 18, wherein

the member has a complex shape and an adaptive algorithm is

25 used to derive information relating to the contact from the

measuring bending wave signal. /
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FETEETEErrrrrrrrrl W 01/ 48684 PCT/ GB00/ 04851 36 29. A nethod according to
any one of clains 23 to 27, wherein the bending wave vi bratlp ener at ed
by the enitVYPA%488$ ansducer is not acoustically obvious. (S’CTAPWE/P?‘?BH
according to claim29, wherein the bendigg wave 5 Vi bratlon gener ated by

the emtting transducer is in he ultr Mre@%s e. 31.. A nethod
accor di ng $%- clii mes °dV\/rﬁ‘F"é? iM% BRn qﬁ‘d BERRG ¥Tind
noi se. 32. A nethod according to_any one of clains 24 to 28 wherein 10
t he bendi n@lg%’?/’é:f*ﬂ &Satlmeﬁ‘@ﬁ?é?gtéﬂ yyelRle Bt ng  transducer creates. an
acoustic output in the nenber which acts as an acoustic radiator of a
| oudspeake?3- 33 webeedodcaeEdiag njot @7 Pienlof theePEreedng gctrinte,
further conprising techniques to isolate undesired. signals 15 fromthe
change i n whexiiny Vs echamget innthenbeading byaveevikboater . peadugedebyiod
according to any one of clains 24 to 33, further conprising placing the
emttikg ttheschiectand tthe 'geneaabioneuﬁdnendin‘ig wavel atibwrakjorgiml theaci ng
around the periphery of 20 the nenber. 35. A nethod according to any one
of clai s mdmbexr 33, further conprising |locating the emtting transducer
and a sensor at the sane point and coupling the emtting transducer and
t he 24. A method according to any one of the preceding claims,
further comprising providing an emitting transducer mounted on
the member, the emitting trénsducer generating bending wave

10 vibration in the member to probe for information relating to
the contact.

25. A method according to c¢laim 24, £further comprising
providing an emitting transducer having dual functionality
acting as the emitting transducer and a sensor.

15 26. A method according to claim 23 or claim 24, wherein the
effect of the contact is reflective, such that bending waves .
generated by the emitting transducer are reflected by the
contact and detected by the or each sensor.

27. A method according to claim 23 or claim 24, wherein the

20 effect of the contact is absorbing such that bending waves .

- generated by the . emitting transducer are absorbed by the
contact and detected. by the or each sensor.
28. A method according to claim 26 or claim 27, wherein the

effect of the contact is detected by the or each sensor using

25 indirect excitation from one or more boundary reflections.
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sensor into orthogonal physical properties. 25 36. A nmethod according to
claim35, wherein the emtting transducer is an inertial transducer and

the sensor is a This Sheet Has Been Replaced I 1111111 1 VI T
Srrr 1111 WPO14%84111 1111111 1iii *CLNs* WD 01/ 48684 PCT#’@EB’@?%%& 37
bender transducer or vice versa. 37. contact sensitive device conprising
a nmenber capable of _supportjng bending wave vjbratiqn and_a sensor nounted
on the Rénbef F‘SFhﬂ@a§£$?’Féf"t£ﬁﬁﬁ AGYWEDR F R %%ntf’h@ne%ﬁe%ﬁ'ld 5 for
transmtting a signal to a progessor which processes informatjion, relating-

to a contt®et 158 o Y@HS acBRIRtRR  gERsEAteAomtthe EhiNgE™ FEHR I ng
wave vibration in the nmenber created by the contact. 38. A contact

sensi t i véragsdueer ot reli myaustdral hy 33PVigWs-ein 10 the contact sensitive
device further conprises an emtting transducer for exciting bending wave
vi brati 080i.n Ahmehbadeaccondingbro f@aim28, mwherainekthei hgndbng Heaveont act .
39. A contact sensitive device according to claim 38, wherein information
r el at 5 ng viibrahion orgensratedc aby ultiiee dehit it atiragsdader helar edporisee of

bendi ng wave vi bration generated by the emtting transducer to a nechani cal
constr ai il teagseikc bfrédieengoniaagt. 40. A contact sensitive device according
to claim38 or claim 39, wherein the contact sensitive device is a

| oudspeaker. spChetB8dt h8toadimf aisidlainadioat aheebihhehkobdadimkaravet s as
the nmenber of the contact sensitive device and an exciter nounted
vibration is background noise.
. 32. A method accoxrding to any one of _clé.ims 24 to 28, whereiﬁ
10 the bending v;rave vibration generated by : the emittiné
transducer creates an acoustic output in the member which acts
as an acoustic radiator of a loudspeaker.
33. A method according to ahy one of the preceding ¢claims,
further comprising techniques to isolate undesired signals
15 from the change in bending wave vibration generated by the
contact.
34. A method according to any one of claims 24 to 33, further
comprising placing the emitting transducer and the or each
‘sensor with a .relatively equal spacing around the periphery of |
20 the member.
35. A method accofding to any one of claims 24 to 33, further
comprising locating the emitting transducer and a sensor at
the same point and coupling tﬁe emitting transducer and the
sensor into orthogonal physical properties.
25 36. A method according to claim 35, wherein the emitt.ing

transducer is an inertial transducer and the sensor is a
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on the acoustic radiator to excite bending wave vibration in the acoustic
radi ator to produce an acoustic oqutput acts as the emtting transducer of
the contact sensitive device. 25 41. A contact sensitive device according
to claim37WOMR4B84n the contact sensitive device is a pa¥&I{EBIRHSH,
where the This Sheet Has Been Replaceds} |~I1"1 111111 HE 1111111 IN

1111111111&;%1%%%&&&&%r*%N@;ﬁ%\q,g 448684 PCT/ GB0O0/ 04851 38 change in
bendi ng wave vibratiron In the nenber. created by the contact is the
generatio f the ... .bending.way ibration. .42 A _contact sensitive
devi co acobfui fy ISR GedELeR Hrel 68 Fehpniring A REMEEE SFPEPLS OF pi ay
means.. 5 43. A contact qs,ensitive S-E’Vi ge accordi ng to claima42, wherein
the di spl &SMERITENY LERIING,iWRVEr YIPERELPR ARG dcPEBACT cBAPRFRY P 1 FRRii d
crystals which are. used to, exgte_or sense ,pbending wave, vibration in the
menber . 44MEORI NFOK (MRAFHG NG, PPN Fe VAFEOVAPREELIN ahy BRie BEmeenidrd 10
37. to 43, wherein the sensor is nounted on an edge of the nmenber. 45. A,
cont act® sefR¥t itrangmiitEdngccdr disgatlo &hy 2onPrefeesar mvhicly progssseferein
the sensor is nmounted on the nenber spaced froman edge of the nember. 15
46. A contimfomeatsion veelriing becsr diomfact amdeoren of euaifase 3In tihels,
wherein the nenber is transparent. 47. A contact sensitive device according
t o any oneneribext dimsn the chadfe whebendindavawenbebration thethermember
panel. 48. A contact sensitive device according to any one of clains
created by the contact.
38. A contact sensitive device according to claim 37, wherein
10 the contact sensitive device further comprises an emitting
transducer for exciting bending wave vibration in the member
to probe for information relating to the contact.
39. A contact sensitive device according to claim 38, wherein
ipformation relating to the contact is calculated by comparing
15 the response of bending wave vibration generated by theé
emitting transducer to a mechanical constraint caused by the
coﬁtact.
40. A contact sensitive’ device according to claim 38 or claim
39, wherein the contact sensitive device is a loudspeaker such
20 that an acoustic radiator of the loudspeaker acts as the
member of the contact sensii;ive device and an exciter mounted
on the acoustic radiator to excite bending wave wvibration in
the acoustic radiator to produce an acoustic output acts as
the emitting transducer of the contact sensitive device.

25 41. A contact sensitive device according to claim 37, wherein

the contact sensitive device is a passive sensor where the
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20- 37 to 47, wherein the nmenber has uniformthickness. 49. A contact
sensitive device according to any one of clains 37 to 48, wherein the
menber has a conpl ex shape. 50. A contact sensitive devi rding to any
one of clWP r?é"“gg to 49, when dependent on clai m 38, mé?‘gﬁ’ﬁﬁ‘f“@é%émm ng
25 transducer has dual functionality 3hd acts as the emtting transducer -
and the spasss .in PHdndinghariveHasbBatiomeph atiel méulbdxt |drdateld byl ithieV | |
(el chMs* 1111112112111112121211771 2112112121211211212112112111 WO 01/ 48684

PCT/ GCBOQL&diEad: 38 Sdne Ageerirationersd t the desidihqcaaredi ngibratdn.one of
clains '38-to 50, when dependent on claim39, wherein the emtting

transduces, and dHf RAN$U2EevR! @PbViddbordiabatbvahy GMIAE SRAGISNY

around t he’ per| phery of the rrenber 5 52. A contact sensitive device

accordi ng b i gﬁs% ayReangdependent on clai m 39,
wher ein t%e emtting 1rans cer e Sensor are |ocated at the sane

POl Nt ang; g SOl 53%9 9{:&“@ GPngl TRl RROBELLA Of2, Jher@sont act

sensiti vé devi ce accor o cla erei e emttl ng transducer
is an ingrtial, transducer and j8engor €? r G versa.
54. A nmobite % coﬁ%F:S|ng cgntacgaééns %%:%e3¥% ccor %h% to any

one of clainms, 38 tq 53., 55. onprisin contact sensitive device
accor di n?“ﬁ@%%%ﬁf%ﬁéiscﬁlyﬁtgiﬁswggcﬁog%? ugg.g iopéa‘?‘é:& Fat’F 5 si st ant
conpri si bngndalrfc_'? Qn}agrcet vi%r:}i%:}ér\’ e:Ln the member. '
44. A c¢ontact sensitive device according to any one of claims
10 37 to 43, wherein the sensér is mounted on an edge'of the
member.
45. A contact sensitive dewvice according to any one of claims
37 to 43, wherein the sensor is mounted on the mewber spaced
from an edge of the member.
15 46. A contact sensitive_device according to any one of claims
37 to 45, wherein the member is transparent.
47. A contact sensitlve dev1ce according to any one of claims
37 to 46, ﬁherein the member is in the form of a papel.
48. A contact sensitive device according to any one of claims
20° 37 to 47, wherein the member has uniform thickness.
49. A contact sensitive device accprding to any one of claims
37 to 48, wherein the member has a complex shape.
50. A contact sensitive device aqcording to any one of claims
38 to 49, when dependent on claim 38, wherein the emitting

25 transducer has dual functionality and acts as the emitting

transducer and the sensor.
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devi ce according to any one of clains 38 to 53. This Sheet Has Been
Replaced 11l lu 1112111 (000 000 LERL 0 e
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51. A contact sensitive device according to any one of claims

38  to 50, when'aééendent on claim 39;b$%erein the emitting
transducer and the sensor are placed with a relatively equai
spacing around the periphery of the member.

52. A contact sensitive device according to any one of claims
38 to 50, when dependent on claim 3.9, wherein the emitting
transducer and the sensor are located at the same point and
are coupled into orthogonal physical properties.

53. A contact sensitive device according to claim 52, wherein
the émitting transducer ig an'inertial transducer and sensor
is a bender transducer or vice versa.

54. A mobile phone comprising a contact sensitive device
according to any one of claims 38 to 53.

55. A lap-top coniprising a contact sensitive device according
to any one of claims 38 to 53.

56. A personal data assistant comprising a contact sensitive

device according to any one of claims 38 to 53.
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