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FIG. 1

(57) Abréegée/Abstract:

The present invention relates to a method for determining an acoustic response attributed to a location of an impact, in particular a
touch event, on a surface of an object Including at least one transducer comprising the steps of: a) recelving an acoustic signal
from at least one transducer, wherein the signal corresponds to a predetermined excitation (E) at at least one location on the
surface; b) determining an acoustic response based on the acoustic signal received In step a); and ¢) determining the acoustic
response attributed to at least one location on the surface different to the location of the predetermined excitation based on at least
two different acoustic responses determined in step b).
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(57) Abstract: The present invention relates to a method for determining an acoustic response attributed to a location of an 1m-
pact, 1n particular a touch event, on a surface of an object including at least one transducer comprising the steps of: a) receiving an
acoustic signal from at least one transducer, wherein the signal corresponds to a predetermined excitation (E) at at least one loca-
tion on the surface; b) determining an acoustic response based on the acoustic signal received 1n step a); and ¢) determining the
acoustic response attributed to at least one location on the surface different to the location of the predetermined excitation based
on at least two different acoustic responses determined in step b).
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A Method and a Touch Sensing Device for Implementing the Method

The present invention relates to a method for determining an acoustic response attributed
to a location of an impact, like a touch event on a surface of an object, and a touch sensing
device implementing the method.

Methods to determine the location of an impact on a surface of an object based on
analysing acoustic signals are already known in the art. This kind of technology is based on
measuring the acoustic signal using one or more sensors to obtain an acoustic signature of
the impact and to compare the signature with a predetermined set of acoustic signatures,
wherein each predetermined acoustic signature is representative for a given location of the
haptic or tactile interface. The location of the impact is then identified based on the similarity
of its acoustic signature with one of the predetermined acoustic signatures. Figure 1
schematically illustrates such a prior art device with an interaction surtace 101 and two
transducers 103.

The predetermined set of acoustic signatures, which can be in the form of a lookup table or
a database, is generated by computing the individual acoustic pattern of closely spaced
locations 105 on the surface of a haptic interface during the calibration of the device. The
lookup table is generated by an automated process, e.g. using a robotized bench. The robot
used is equipped with a shaker and a metal tip, and performs impacts of a predetermined
force and shape on each location sequentially. An acoustic signature for a given location is
thus built up from the acoustic responses determined out of the measured acoustic signals
which are received by the at least one sensor after an impact at the location. An acoustic
signature is unique to the location of the impact. The acoustic response is a function of
frequency that represents the response of a haptic interface when subjected to a
mechanical excitation. The acoustic response can be a transfer function, that represents the
relation between the mechanical excitation and a sensor’s output.

WO 2006/015888 A1 simply proposes to store the measured signals of the calibration
stage. WO 2006/069596 A1 proposes to determine acoustic signatures based on
correlation of the phases of two acoustic signals received by acoustic sensors when a
reference impact occurs on a predetermined area of the interaction interface.
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In particular, for touch screen applications, the generation of the lookup table takes a lot of
time as typically several thousands of acoustic responses need to be acquired to cover the
whole haptic area with a sufficient resolution. Furthermore, each product needs to be
calibrated individually as, due to the tolerances accepted during the manufacturing process
of the object with the haptic surface, one established lookup table cannot necessarily be
applied from one object to the next one. Due to the complexity of certain objects, at least in
their integrated state, a purely theoretical approach to the creation of the lookup tables, like
proposed by WO 2006/015888, is not always possible.

One way to reduce the calibration time in the industrialized process could be to use a
plurality of calibration stations using robotized benches. Due to the relatively high cost of
these benches, the calibration process represents a high investment. Reducing the
manufacturing tolerances, on the other hand, would also lead to an unacceptable rise of
costs.

It is therefore the first object of the present invention to provide a method for determining an
acoustic response at any location of an impact on a surface of an object and a touch
sensing device implementing the method with which the predetermined set of acoustic
signatures can be obtained faster.

Furthermore, it appeared that, due to wear, scratches, aging, temperature variations,
integrations drifts or other known or unknown effects, an object with a tactilised surface
changes such that the original lookup table with the predetermined acoustic signatures no
longer provides satisfying results. As a consequence, a recalibration of the set of acoustic
signatures needs to be carried. This could be done using the robotized benches. This does
not, however, correspond to a very practical solution.

WQ0O2008/146098 A1 proposes a method to take into account environmental variations that
can slightly change the size of the sensor. The thickness of an object has in fact an impact
on the wave propagation. In WO2008/146098 A1, a contraction/expansion algorithm is
proposed which contracts or extends the acoustic responses in the frequency space to take
into account a change in thickness to improve the localization results. Whereas this method
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appeared to provide satisfying results for this special class of variations, it cannot deal with
more complex changes to the object.

It is therefore a second object of the invention to provide a method for determining an
acoustic response at a location of an impact on a surface of an object such that a
recalibration of the predetermined set of acoustic signatures can be carried out in a
simplified way.

The first object is achieved with a method for determining an acoustic response attributed to
a location of an impact on a surface of an object including at least one transducer
comprising the steps of: a) receiving an acoustic signal from at least one transducer,
wherein the signal corresponds to a predetermined excitation (E) at at least one location on
the surface; b) determining an acoustic response based on the acoustic signal received In
step a); c) determining the acoustic response attributed to at least one location on the
surface different to the location of the predetermined excitation based on at least two
different acoustic responses determined in step b). It is the finding of this invention that
acoustic responses for a given location can be determined out of experimental data which
relates to other different locations. This greatly simplifies the calibration of a touch sensitive
surface of an object, as the number of real impacts on the surface during calibration can be
reduced.

In this context, an impact in particular relates to a touch event, like a touch by one or more
of a users fingers or a dragging action over the surface of an object, e.g. a touch screen
device. A predetermined excitation, which can be of mechanical origin, can also relate to a
touch event. Furthermore, the object can be any kind of object made out of any kind of
material or material mix as long as acoustic waves can be transmitted and out of any
shape. For instance, the object can be made out of glass, plastic, wood, metals, etc. and
the shape can be a flat panel or a curved panel and, in general, any 3D shape from simple
to complex. In this context, a transducer corresponds to any means that transforms an
acoustic signal into another kind of signal, e.g. an electric signal. For instance, a
piezoelectric transducer can be used to carry out the invention. The term “acoustic” relates
to frequencies of up to 100 kHz, in particular up to 40 kHz, more in particular up to 20 kHz.
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According to one further aspect of the invention, the acoustic signals can be received from
at least two transducers and the acoustic signals in this case correspond to at least one
predetermined excitation at at least one location on the surface. Thus, in this variant, the at
least two different acoustic responses necessary to carry out the invention are obtained by
the presence of at least two transducers. According to a variant, the acoustic signals can be
received from at least one transducer, but the acoustic signals correspond to predetermined
excitations at at least two locations on the surface. Thus, in this case, the different acoustic
responses relate to different excitations and one transducer would be sufficient to carry out
the invention. Of course both variants can be combined, thus use of more than one
transducer and use of more than one location at which excitations are exerted on the
surface. The amount of different acoustic responses used in step ¢) will also depend on the
precision of the acoustic responses determined during step ¢), one wants to obtain.

Preferably, the predetermined excitation can be applied at a location that is positioned in a
border region of the surtace of the object, in particular in the border region of a part of the
surface of the object serving as a touch sensitive input area or even outside that area.
Typically, on an object, only a part of the surface will be used as a touch sensitive input
area, e.g. the screen part of a handheld electronic device. In this case, means for providing
the excitations can be positioned such that they are away from the area of interest, e.qg.
hidden in the frame region of a screen. Thus, the means for providing the excitation can
actually remain within the object, and be used not only during calibration but eventually also
for recalibrating. In one variant, the means for providing excitations can be a transducer of
the same type as used for sensing the signals, e.g. a piezoelectric transducer, but that
functions as an actuator to provide excitations.

Advantageously, the method can further comprise a step d) of determining acoustic
responses at a plurality of locations on the surface different to the at least one location of
the predetermined excitation based on the acoustic response determined in step b). Thus
with only a limited amount of real excitations/impacts, acoustic responses can be
determined for the whole surface of interest of the object.

Preferably, the method can further comprise a step e) of. gathering the acoustic responses
determined at a plurality of locations on the surface different to the locations of the
predetermined excitations in step d) to form a lookup table. Thus the method can be used to
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establish a set of predetermined acoustic responses as described above in a faster but still
reliable way compared to the prior art using only a limited number of real impacts. The
lookup table comprises data characterizing the surface of the object and is used during the
touch event localization process once the calibration process of the surface has established
the set of predetermined acoustic responses. As only a limited number of real excitations is
necessary to obtain the lookup table for the surface of the object, an individual lookup table
can be created for each product. This lowers the integration constraints as any deviations
from product to product are individually taken into account.

Advantageously, the method can further comprise a step f) of selecting only acoustic
responses, determined during step b) for carrying out step c), that satisfy predetermined
criteria, in particular, concerning at least one of, signal-to-noise ratio, coherence of the
measurements. These criteria are frequency based, thus enable a motivated choice to
select a frequency range for which the acoustic responses are of good quality. This
additional step brings the advantage that the quality of the acoustic responses determined
during step c¢) can be further improved.

According to a preferred embodiment, the method can comprise the steps g) of determining
a first representative function based on the distance between an auxiliary location, which is
positioned away from the location of the predetermined excitation, and the locations on the
surface different to the location of the predetermined excitation; h) determining a second
representative function based on the distance between the auxiliary location and the
location of the predetermined excitation; i) computing the ratio between the first
representative function determined in step g) and the second representative function
determined in step h); j) repeating step g) for each location on the surface different to the
location of the predetermined excitation and for each auxiliary location; and k) repeating
step h) for each location of the predetermined excitation. This method based on wave
superposition enables a fully numerical way of determining the desired acoustic responses
for locations on the surface that are positioned away from the locations where excitations
occurred.

Preferably, the auxiliary locations can be outside the surface and away from each location
of a predetermined excitation and away from each location on the surface different to each
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location of the predetermined excitation. Indeed, by providing the auxiliary locations outside,
the algorithm allows to determine the acoustic properties inside the auxiliary locations.

The second object of the invention is achieved with the method comprising, in addition to
the method steps of claim 1, a further step i) of repeating at least steps a) to ¢), in particular
on demand and/or upon detection of particular circumstances and/or on a regular basis. By
repeating at least steps a) to c) from time to time it becomes possible to identify changes in
the acoustic response and thus also in the set of predetermined acoustic signatures which
are necessary to identify the location of an impact exerted by a user on the tactilized
surface of the object which can thus serve as a touch sensitive interface. By simply
providing at least one excitation according to step a) of claim 1, the method allows
recalibrating the acoustic responses and effects like wear, scratches, aging, temperature,
etc. are taken into account. As a re-calibration takes into account the properties of the
object at the moment of re-running the calibration, the precision of the updated acoustic
response is better than a process which simply corrects the database by a correction factor.
The re-calibration can be automated or on demand, e.g. when a user realizes that the
identified locations differ from the real locations.

Advantageously, the method can further comprising a step m) of comparing the acoustic
response with a previously determined acoustic response corresponding to that location on
the surface, in particular, the acoustic response corresponding to that location on the
surface of the lookup table. By keeping a trace of the changes, it will be possible to identify
sources of change of the acoustic response.

Preferably, the predetermined excitations can be provided such that the spacing A between

two neighbouring locations of predetermined excitations satisfies the relation A < 1.2A,

_ 2
wherein A is 2% |120=V")p

Jo| EW

particular the highest frequency of interest, from the transducers, E, v, p and h are

-1/4
] , ® IS the angular frequency of the acoustic signals, in

properties of the object, being respectively the modulus of elasticity, the Poisson’s ratio, the
density and the thickness. Even further preferred, the predetermined excitations can be

provided such that the spacing A satisfies the relation 0.5A <A < 1.2A, in particular, 0.9A <A
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< 1.0A. In this range, optimized results with respect to performance, thus accuracy of the

determined acoustic responses in step ¢) and the duration of acquisition, can be achieved.

Advantageously, the predetermined excitations can be provided such that the number of
locations of the predetermined excitations per wavelength, in particular per minimum
wavelength of interest, of the acoustic signal is more than one, preterably, between three
and six. In this range, optimized results with respect to performance, thus accuracy of the
determined acoustic responses in step ¢) and the duration of acquisition, can be achieved.
Here, the minimum wavelength is of course linked to the maximum frequency of interest
defined above.

In the context of the invention, the term “the highest frequency of interest” is linked to the
ability of a touch event (i.e. touch, drag) to input vibratory energy into the tactile object.
Frequencies for which no energy can be injected by a user do not need to be considered to
build a lookup table. Typically, the frequency limit is set to about 20 kHz. However, to
further improve the results one may even consider frequencies of up to 40 kHz or even up
to 100 kHz.

According to a preferred embodiment, the at least one transducer can be located on the
axes of symmetry of the surface of the object. In particular, in case the surface is shaped to
be rectangular, the at least one transducer can be located on at least one axes of symmetry
of the rectangular surface and the predetermined excitation is provided at locations of every
second quadrant of the rectangular surface only. By doing so, it is possible to take
advantage of the special properties of the object and the amount of locations where real
predetermined excitations have to be carried out in step a) can be reduced. Thus, again,
the amount of time required to acquire the associated acoustic responses can be reduced.
For other shapes, the situation is similar. At least one sensor has to be provided per
symmetry axis and an amount of excitations needs to be determined for which it is possible
to achieve the desired resolution with respect to the acoustic responses determined during
step C).

Advantageously, the locations of the predetermined excitations can be randomly arranged.
By breaking an regular organization of locations at which real predetermined excitations are
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carried out, fictive resonances which may occur during the numeric analysis of the data can
be overcome.

Advantageously, the locations of the predetermined excitations can be formed in at least
two rows, in particular, such that the spacing between the locations in a first row are
different with respect to the spacing between the locations in a second row. Preferably, the
smaller spacing is on the outer row with respect to the surface of interest. Further preferred,
the outer row has at least four times more locations at which excitations are applied. This
has the advantage that again fictive resonances can be avoided.

The object of the invention is also achieved with a computer readable medium including
computer executable instructions stored thereon tor performing the method as described
above. With this medium the same advantageous as described above can be achieved.

The invention also relates to a touch sensing device according to claim 13 comprising: an
interaction surface; at least one transducer; and a control means for receiving an acoustic
signal from at least one transducer, wherein the signal corresponds to a predetermined
excitation (E) at at least one location on the interaction surface; for determining an acoustic
response based on the received acoustic signal; and for determining the acoustic response
attributed to at least one location on the interaction surface different to the location of the
predetermined excitation based on at least two different acoustic responses determined
based on the received acoustic signal. Thus, with this device, the acoustic response of a
certain location necessary to obtain the set of predetermined acoustic signatures as
mentioned in the introduction, can be determined out of experimental data which relates to
other, different locations. This greatly simplifies the calibration of a touch sensitive surface
of an object, as the number of real impacts on the surface during calibration can be
reduced. The control system is in particular configured to carry out the method as described
above.

Preferably, the control means can be configured to receive acoustic signals from at least
two transducers and the acoustic signals correspond to the predetermined excitation at the
at least one location on the surface or the control means can be configured to receive
acoustic signals from the at least one transducer and the acoustic signals correspond to
predetermined excitations at at least two locations on the surface. As long as either at least
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two different excitations locations or at least two transducers are provided, the advantages
as mentioned above with respect to the method can be achieved.

Preferably, the control means can be configured to determine acoustic responses at a
plurality of locations on the surface different to the at least one location of the
predetermined excitation based on the received acoustic response. Thus, the entire object,
or at least the part of it which shall provide a touch sensitive interface can be analyzed and
acoustic response data be provided by using the experimental data of only some real
excitations somewhere on the surface of the object.

According to one advantageous embodiment, the control means can be configured to
gather the acoustic responses determined at a plurality of locations on the surface different
to the locations of the predetermined excitations to form a lookup table corresponding to the
locations on the surface. The input data to carry out the analysis relates to the experimental
data of the excitations. Using this data, it is possible to determine the acoustic responses
for as many locations as necessary for the applications to be carried out by the device and
its touch sensitive surface. In particular, it is possible to adapt the resolution by simply
calculating the acoustic responses in step ¢) of the method for more locations. This only
requires additional calculation time and no new experimental data.

Preferably, the device can further comprise a re-calibration unit for re-determining an
acoustic response, in particular on demand and/or upon detection of particular
circumstances and/or on a regular basis . The re-calibration unit is thus configured to repeat
at least steps a) to ¢) of the method from time to time to identify changes in the acoustic
response. Thus, also the set of predetermined acoustic signatures can be updated.
Therefore negative effects like scratches, wear, aging, temperature, etc. can be taken into
account effectively so that the touch sensitive device’s lifetime can be extended.

According to a preferred embodiment, the re-calibration unit can be configured to compare
the acoustic response of the lookup table corresponding to the location on the surface to
the one of the newly determined acoustic response. Thus the entire lookup table which
comprises the acoustic signatures can be corrected for any changes to the acoustic
properties but, at the same time, a trace is kept of the changes to be able to identify the
source of any updates, e.g. whether they are global or only localized.
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Further preferred, the re-calibration unit can comprise at least one actuator, in particular a
piezoelectric transducer, at one location of a predetermined excitation such that the
predetermined excitation is applied at the location of the predetermined excitation by the at
least one actuator.

Preferably, the at least one actuator can be positioned at the border of a region of interest
of the surface of the object. Typically on an object only a part of the surface will be used as
a touch sensitive input area, e.g. the screen part of a handheld electronic device. In this
case, the actuator can be positioned such that it is away from the area of interests, e.g.
hidden in the frame region of a screen, to not jeopardize the user friendliness of the device.
Another advantage is that the at least one actuator can actually remain within the object,
and be used for calibration to first establish the acoustic responses for the initial lookup
table and later also for recalibrating the set of predetermined acoustic responses. In one
variant, the means for providing excitations can be a transducer of the same type as used
for sensing the signals, e.q. a piezoelectric transducer, but that functions as an actuator to
provide excitations.

The invention also relates to a touch sensitive device calibrating system according to claim
16 and in particular comprising the device according to at least one of claims 12 to 15. This
device thus further comprises: an input/output unit configured to communicate with the at
least one transducer and/or with the control system; an excitation means for providing the
predetermined excitation (E) at at least one location on the surface, wherein the excitation
IS provided by a mechanical contact between the excitation means and the surface; and a
positioning means configured to locate the excitation means at the at least one location on
the surface such that the excitation means provides an excitation at the at least one location
on the surface, and wherein the control means is configured to drive the actuator. With this
system the advantageous method described above can be carried out to obtain the lookup
table of the acoustic signatures.

Preferably, the input/output unit can be configured to receive an acoustic signal from the at
least one transducer.
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Advantageous embodiments of the inventive method and the device will be described in the

following by referring to the Figures:

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

Figure 6

Figure 7

illustrates a two-dimensional schematic view of a touch sensing device, as
known from the prior art, comprising an interaction surface, wherein locations
on the surface of the touch sensing device at which acoustic responses are
acquired are shown (in points);

illustrates a two-dimensional schematic view of a touch sensing device
according to a first embodiment of the invention, comprising an interaction
surface, wherein locations on the surface of the touch sensing device at which
acoustic responses are experimentally acquired are shown (in points);

illustrates the main steps involved in a method for determining an acoustic
response attributed to a location of an impact on the surface of the touch
sensing device of the first embodiment of Figure 2;

illustrates steps involved in a method for determining an acoustic response
attributed to a location of an impact on the surface of the touch sensing device

according to a second embodiment;

illustrates different types of locations on the surface of the touch sensing
device of the present invention playing a role in the method to determine
acoustic responses;

illustrates locations on the surface of the touch sensing device at which
predetermined excitations are provided. Figure 6a illustrates a random
arrangement of locations of the predetermined excitations and Figure 6b
illustrates the locations of the predetermined excitations formed in rows;

illustrates locations of a transducer comprised in the touch sensing device.
Figure 7a illustrates the transducer located on the axes of symmetry of the
surface of the touch sensing device and Figure 7b illustrates the transducer
located off the axes of symmetry of the surface of the touch sensing device;
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Figure 8 illustrates an acoustic response interpolation at the locations of the
predetermined excitations;

Figure 9 lllustrates a system for calibrating a touch sensing device according to a third
embodiment of the present invention; and

Figure 10 illustrates another touch sensing device according to a fourth embodiment of
the present invention.

In the following, features and advantageous embodiments of the method and the device
according to the invention will be described in detail.

Figure 2 illustrates a two-dimensional schematic view of a touch sensing device 1 using the
method for determining an acoustic response at a location of an impact on the surface
according to the invention. The touch sensing device 1 comprises an interaction surface 3,
and at least one transducer 5. In this embodiment, the device comprises two transducers
5a, 5b, e.g. piezoelectric transducers, capacitive piezoelectric transducers, magnetostrictive
piezoelectric transducers, electromagnetic piezoelectric transducers, acoustic velocimeters,
accelerometers, optical sensors, microelectromechanical system sensors (MEMs) or any
device capable of transforming an acoustic signal into an electric one. The coupling
between the transducer 5 and the interaction surface 3 is achieved by a fastening device,
that can be tape, glue, or the like. The invention can also be carried out with only one
transducer or more than two. The touch sensing device is configured to identify the location
of a touch event, an impact, a dragging over the surface, and to provide this information to
control inputs to an electronic device, like a handheld electronic device, a computer or any
kind of machine with a touch sensitive interface. This functionality can be provided by a
control means 7.

To do so, the control means 7 analyzes the acoustic signals received from the transducer
and an acoustic signature is determined. By comparing this signature with a set of
predetermined signatures stored in a lookup table, the location of the impact on the
iInteraction surface 3 is obtained. To overcome the problems in the art which relate to the
creation of the predetermined acoustic signatures as described in the introductory part and



CA 02765970 2011-12-19
WO 2010/149365 13 PCT/EP2010/003804

which mainly relate to the fact that each location on the interaction surface 3, has to be
characterized by applying excitations to the interaction surface at a plurality of locations 9
located all over the interaction surface 3. |

In this invention, the control means 7 is configured to determine the acoustic responses
which are necessary to determine acoustic signatures, at the locations 9 based on at least
one predetermined real excitation E applied at a location 11 different to the locations 9. To
do so the control means is configured to use the acoustic response A determined out of the
acoustic signal received by the first transducer 5a and B determined out of the acoustic
signal received by the second transducer 5b following the impact at location 11.

In the embodiment with only one transducer, a second excitation at a different location than
the one illustrated in Figure 2 needs to be applied to get sufficient information about the
object. Of course, to improve precision, even more excitations at different locations outside
locations 9 can be applied.

Figure 3 illustrates the concept of the corresponding method for determining the acoustic
response attributed to a location 9 of an impact on the interaction surface 3 of the touch
sensing device 1 according to the first embodiment.

The method, according to the present invention, comprises the following steps of. (STEP
S1) receiving an acoustic signal S from at least one transducer 5a, 5b, wherein the signal S
corresponds to a predetermined excitation E at at least one location 11 on the surface 3;
(STEP S2) determining an acoustic response A or B based on the acoustic signal S
received in STEP S1; and (STEP S3) determining the acoustic response X attributed to at
least one location 9 on the surface 3 different to the location 11 of the predetermined
excitation E based on at least two different acoustic responses A, B determined in STEP
S2. This method can be carried out by a computer program product e.g. loaded in the
memory of the control unit 7.

Figure 4 illustrates a second embodiment of the method for determining the acoustic
response X attributed to the location 9 of an impact on the interaction surface 3 of the touch
sensing device 1. Compared to the first embodiment, the method according to this
embodiment further comprises the steps of: (STEP S0) providing predetermined excitations
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E at a plurality of locations 11 on the surface 3; (STEP S4) repeating STEP S3 to determine
the acoustic responses for each location 9 on the surface 3 different to the locations 11 of
the predetermined excitation E such that the acoustic responses attributed to the plurality of
locations 9 on the surface 3 different to the locations 7 of the predetermined excitation E is
determined; (STEP S5) gathering the acoustic responses determined (in STEP S4) at the
plurality of locations 9 on the surface 3 different to the locations 11 of the predetermined
excitations E to form a lookup table and forming the set of predetermined acoustic
signatures.

In the following, one practical way to carry out this method according to the invention is
described. This embodiment is based on the so called wave superposition method (WSM)
which is a numerical technique for acoustic field reconstruction in radiation and scattering
problems. The main idea is that an acoustic cavity can be replaced by a finite number of
elementary sources of excitation. These sources are located inside the cavity if the acoustic
domain to characterize is outside, and outside if the acoustic domain to characterize is
inside. Thus, the acoustic field of interest is obtained by the summation of the fields of each
elementary source.

The starting point of the WSM is the following equation:
p{(r) = jpw f q(r,)a(r,r,) dE(r,) (1)
E

where p is the density of the propagation medium and w is the angular frequency. The
source is denoted g, and its position rs is part of the domain E. G is the free field Green’s
function, which, in this case, can be written as follows :

1

G(x) = ﬁe“" (2)

To convert the analytical equation above to its numerical form, the sources are distributed in
a thin shell (3D) or on a continuous contour (2D). By discretizing this geometrical entity in N
small segments, normal velocity can be approximated on the surface of the cavity:
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where Q;is the volume velocity of a elementary source. Since u, is known, Q; can be written

in matrix form as:
Q = [D]_lun (4)

with D corresponding to nabla G. We finally get the expression of the acoustic field:
N

p(r) =jwp ) GG, 70, (5)
i=1

Based thereon, one can determine acoustic responses following the method steps of Figure
4, in particular during STEP S3 and S4 at locations which are away from locations at which

real excitations occurred.

To do so, the method first requires the following input parameters: The locations 7 on the
interaction surface 3 for which the acoustic responses and then the acoustic signatures are
stored in the lookup table or a database. For sake of clarity these locations will be called
database locations in the following. Preferably, they cover essentially the entire interaction
surface 3.

In addition, the locations of the excitations 11 and their associated acoustic responses A, B
are needed. These will be called excitation locations 11 in the following. The excitation
locations 11 are a set of points where acoustic responses are acquired experimentally
following a predetermined excitation E. According to a preferred variant, these points are
located in the border region of the interaction surface or just outside. By optimizing the
spacing between excitation locations as well as their arrangement with respect to each
other, the performance, e.qg. precision and reduction of calculation power, of the method can
be optimized, as will be described further down.



CA 02765970 2011-12-19
WO 2010/1493635 16 PCT/EP2010/003804

Furthermore, in carrying out step 3 and 4, additional so called auxiliary locations 13 are
necessary for carrying out the method. These auxiliary locations 13 are surrounding the
database and the excitation locations 9 and 11, as depicted in Figure 5. Preferably, the
locations 13 are outside the surface 3 and away from the excitation locations 11 of the
predetermined excitations and the database locations 9 on the surface 3 different to the
locations 11 of the predetermined excitation.

Following STEP SO of providing predetermined excitations at the excitation locations 11,
one at a time, the acoustic signals for the excitations locations are determined in STEP S$1.
In this embodiment, the method then determines the acoustic response during STEP S2
which is a transfer function, representing the relation between the mechanical excitation E
(input) and the transducer's 5a, 5b responses (output). Thus, the properties of the
mechanical excitation/s at locations 11 need to be known. In fact, this can be achieved by
having the signals in the time domain for both the input (excitation) and the output
(transducer). On the input side, this can, for instance, be achieved by the presence of a
force sensor directly analyzing the excitation E. Some preferred realisations of this step will
be described later.

Next, the wave number k of the excitation needs to be provided. This value can be either
estimated from the geometry of the tactilized object, e.g. a plate shaped object or, for more
complex geometries, be determined experimentally. Eventually, the estimation can be
completed by an experimental part. The general expression of the wave number can be
written as follows:

k== (6)

where w=2xfis the angular frequency and f is the frequency. cis the speed at which

the waves propagate in the material of the interaction surface 3 of device 1. In the case
where the haptic interface can be considered as a thin plate (i.e. the ratio between the
length of a side and the thickness is significantly greater than 1), the wave number can be
expressed as follows:
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where E, v and p are material properties of the plate, being respectively the modulus of

elasticity, the Poisson’s ratio and the density. & is the plate thickness.

Then (STEP S3 and S4), the determination of the WSM coefficients O which will be applied

to the acquired acoustic responses of the excitation locations 11, requires knowing u, (cf.

equation 4). These values «, are computed at the auxiliary locations 13, as defined above.

Thus, the Green’s function (cf. equation 2) iIs computed between database locations and

auxiliary locations, these values being «,, .

The computation of the WSM coefficient can be summarized as follows:

Repeat for each frequency
Repeat for each database location 9
Repeat for each adxiliary location 13
Determine the distance between the auxiliary location 13 and
the database location 11
Compute the Green'’s function [P] for this distance
Repeat for each excitation location 11
Determine a second distance between the auxiliary
location 13 and the excitation location 11
Compute the Green’s function [D] for the second
distance
Compute the WSM coefficients [B] = [D]"[P]

Next, the acoustic responses at database locations 9 are computed by applying the WSM
coefficients to the acoustic responses of the excitation locations 11.

Finally, according to STEP S5, the acoustic responses previously computed in STEP S3
and S4 are transformed in acoustic signatures that are unique to each database point. All
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acoustic signatures associated to all database locations are gathered to form the lookup
table.

Before determining the acoustic responses at the database locations 11, an additional step
of selecting only relevant frequencies can be applied as a variant of this embodiment. The
acoustic responses acquired at excitation locations during STEP S2 are functions of
frequency. Depending on the acquisition parameters (sampling frequency, frame size),
material properties and dimensions of the interaction surface 3, the acoustic responses at
some frequencies may be not relevant because, for example, of a poor signal-to-noise ratio.

This additional but not mandatory step thus consists in selecting frequencies that are
considered relevant by applying a criteria based, for example, on the coherence of the
measurements. Noisy frequencies are thus rejected, avoiding the performances of the
method to be decreased.

In the following, various possibilities to arrange the excitation locations 11 according to the
invention will be described. The definition of location of the excitation locations plays an
important role in the performances of the method according to the invention.

The main parameters are the geometry, thus how the excitation locations are arranged, and
the appropriate number of excitation locations 11. By optimizing these parameters, the goal
of having sufficient precision on the final database to run the touch sensitive device 1 with
the desired resolution concerning the touch sensitive interface 3 with as few excitation
locations as possible, thus with reduces calculation power, can be achieved.

By applying the following rules and methods, according to the invention, a good
compromise between the performances and the number of excitation locations is
achievable.

The geometry formed by the excitation locations 11 can lead to the presence of fictive
resonances during the numerical data treatment. These resonances have no physical
meaning and are fully associated to the numerical formulation. A solution according to the
invention consists in “breaking” the regular organization of the excitation locations 11 by
locating them randomly along a contour line 15, as depicted in Figure 6a. In particular, the
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distance and orientation relationship between the neighbouring locations 11 are random or
have no order.

Another solution, according to the invention, consists in organizing the excitation locations
11 in a double layer network, as depicted in Figure 6b. Figure 6b shows that the locations of
the predetermined excitations 11 are formed in at least two rows, in particular, such that the
spacing between the locations 11a in a first row are different with respect to the spacing
between the locations 11b in a second row. The locations 11a in the first row are evenly
spaced with respect to each other and the locations 11b in the second row are evenly
spaced with respect to each. Preferably the row, here 11a, with more excitation locations, Is
positioned towards the database locations 9.

Not only the geometry itself needs to be taken into account, but also the spacing between
two neighbouring excitation locations 11 has to be chosen. In order to have satistying
performances of the method, the choice of this spacing preferably follows a criterion based
on the wavelength of the highest frequency of interest. If the spacing is too large, the
acoustic responses in STEP S3 and S4 will only be poorly predicted. If the spacing is too
small, this will have no effect on the performance of the method, but will lead to a higher
number of excitation locations 11, and thus a longer acquisition time and a need for more
computation power.

The smallest wavelength, corresponding to the highest frequency of interest, is expressed

as follows:
27
A =
Where k__ is the wave number (cf. equation 6) of the highest frequency of interest.

It has been found that three to six excitation locations 11 per wavelength lead to good
performances of the method. Below three excitation locations 11 per wavelength, the
performances tend to decrease dramatically. In the case of the double layer organization of
excitation locations 11 illustrated in Figure 6b, this criterion should be preferably applied on
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the outer excitation locations 11b. Regarding the inner excitation locations 11a, it has been
found that one inner point every four outer points lead to good performances of the method.

A further possibility to improve the performance of the method is to take into account
symmetry. Figures 7a and 7b illustrate two of the many possible arrangements of the
transducers 5 on the surface 3 of the touch sensing device 1 in the presence of an
symmetry axis. Figures 7a and 7b show a rectangular shaped surface 3 comprising the
transducers 5. The transducers 5 of Figure 7a are located at positions away from the axes
of symmetry 17 of the surface 3. The transducers of Figure 7b are located on the axes of
symmetry 17 of the surface 3. When the transducers 5 are located on the axes of symmetry
17 of the surface 5, in particular one on each symmetry axis, the predetermined excitations
E can be provided only at the excitation locations 11 of the predetermined excitations E of
every second quadrant defined by the two symmetry axis 17 of the surface. Thus, with the
benefit of symmetry of the surface 3, it is possible to reduce the number of locations 11 at
which the predetermined excitations are provided and, therefore, it is possible to reduce the
number of acoustic responses that are to be determined during STEP S2. Consequently,
the time required to determine the acoustic responses, in STEP S3, at the locations 9 on
the surface different to the locations 11 of the predetermined excitations, is reduced.

In this example, it is possible to reduce the number of excitation locations 11 by a factor 2,
thus significantly reducing the time required to acquire the associated acoustic responses.
However, this approach assumes that the boundary conditions of the haptic interface are
also symmetric. Depending on the shape of the interaction surface and the device 1 itself
other symmetry rules may apply leading to similar effects on the amount of excitation
locations 11 depending on the position of the transducers.

Another way to optimize the performance of the method is to take advantage of
interpolation methods. They consist in computing acoustic responses on some excitation
locations 11 themselves, as depicted in Figure 8. For example, it is possible that, in the
case of a set on N-1 excitation locations 11 which respect the frequency criteria set-up
above except between two points 11a, 11b (i.e. presence of a “hole” in the contour), it is
possible to estimate the acoustic response of this missing point 11c with an acceptable
accuracy. This variant can play an important role in case the method is not only used to
create the lookup table but also to carry out an re-calibration procedure based on the
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update of the set of acoustic responses at the contour point locations. This way actually, for
only about one half of excitation locations acoustic responses, would have to be first
acquired to do a partial update. Then, interpolation would complete the update by replacing
obsolete acoustic responses sequentially, without having to carry out the experimental
excitations for these locations.

Of course the various embodiments described above can be combined in any combination
to further optimize the method according to the invention.

Figure 9 illustrates the global architecture of a touch sensitive device calibrating system 21
according to a third embodiment of the invention which is able to speed up the lookup
table/database creation process to obtain the predetermined set of acoustic signatures. The
touch sensitive device 23 which can be calibrated with system 21, can be the one illustrated
in Figure 2, thus with a control system configured to establish the lookup table, but could
also be any other one with an interaction surface 25 and transducers 27, 29 having the
same properties as above.

The architecture of the system 21 of this embodient describes a “direct” approach where:
the acoustic response of the haptic interface 3 is acquired at the same location thus by the
same transducers 5, at each iteration of the process. In contrast thereto, the excitation of
the haptic interface 3 is applied and aquired at different excitation locations 11 at each
iteration of the process. Thus, the direct approach is based on a stationary response and a

moving excitation.

A variant of the architecture, not illustrated in Figure 9, is a so called “reciprocal approach”
where: the acoustic response of the haptic interface 3 is acquired at a different location at
each iteration of the process and the excitation of the haptic interface 3 is applied and
aquired at the same location at each iteration of the process. Thus, the reciprocal approach
IS based on a stationary excitation and a moving response.

The system 21 comprises a front end device with an input/output unit 31, in particular an
analog input/output unit 23. The input/output unit 31 communicates with the transducers 27,
29 directly or via the control unit 7 (see Figure 2) and thus receives the acoustic signals as
an input. It may carry out the following actions: signal conditioning of the analog inputs, like
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amplification, filtering, automatic gain control, analog-to-digital conversion of the analog
inputs, digital-to-analog conversion of analog outputs, signal conditioning of the analog
outputs, like amplification and filtering. The unit 31 is furthermore in connection with an
analysing means 33, here a computer, for data transfer and may provide an interface to
configure the system?21.

The system 21 further comprises an excitation means 35 to apply a mechanical excitation
at an excitation location 37 (corresponding to locations 11 in the embodiment of Figure 2) of
the interaction surface 25. The excitation means 35 of this embodiment comprises three
sub units.

First of all, an excitation device 37, is a tool for applying the mechanical excitation E to the
interface 25 at an excitation location 37. The device 37 in this embodiment comprises at
least a rigid tip, like a pike, a small ball made of any rigid material like metals or the like, to
transmit a predetermined excitation upon the interaction surface 25. Preferably this device
37 may further comprise a device that converts an electric signal into a mechanical
excitation, like a electromagnetic shaker, piezoelectric transducers, capacitive piezoelectric
transducers, magnetostrictive piezoelectric transducers, electromagnetic piezoelectric
transducer or the like.

The excitation can be applied either by making a contact between the tip and the interaction
surface 25 at locations 37 or by moving fast the tip down and up to briefly strike the
interaction surface 25. The excitation device 37 is configured to transmit the mechanical
excitation in a broad frequency range, at least corresponding to the range of interest for
touch sensitive applications based on the detection of acoustic signals. A preferred
frequency range is the audio frequency ranging from about O to about 20 kHz, however
frequencies of up to 40 kHz or even 100 kHz could also be considered depending on
circumstances.

The excitation unit 35 further comprises an excitation reference device 39 configured to
provide a measure of the mechanical excitation transmitted to the interaction surface 25,
that is used as an input reference for the acoustic response acquisition in STEP S2. It can
be a force sensor, a strain gage sensor, an electric signal, or any sensor able to measure a
mechanical quantity.
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Finally, the excitation means 35 of this embodiment further comprises a moving device 41
to move the excitation device 37 in front of the excitation location/s 37 where the excitation
has to be transmitted to the interaction surface 25. This device 41 is configured to move fast
from one location 37 to another, with a high positioning accuracy. This can be achieved with
a robot with at least 3 axes of displacement.

The input/output unit 31 and the excitation means 35 are in connection with the analysing
means 33, here the computer, which controls the system 21. The analysing means 33
carries out at least one of the following activities: it provides an interface with the front-end
device, the input/output unit 31 to configure and to collect data coming from the inputs,
namely the transducers 27, 29 but also to collect data from the excitation reference device
39, to send data to outputs to drive the signal of the excitation device 37, and to
communicate instructions to the moving device 41 to drive the moving device to the correct

location.

The main task of the analysing means 33 is to apply the method as described above to
build up the lookup table. The computer uses the method presented in this document that
enables to determine acoustic signature at any point over the area of the interaction
surface, from a set of acoustic responses acquired on the borders of this area.

Figure 10 depicts the global architecture of a fourth inventive embodiment. It illustrates
another touch sensing device 51 with an interaction interface 53, with the same properties
as in the first to third embodiments and transducers 55, 57. In addition to the features
described above with respect to the first and second embodiment (see also Figure 1), this
device furthermore comprises a re-calibration unit or auto adaptive unit 59.

The touch sensing device 51 of the fourth embodiment also comprises a front-end device
61 which is part of the control means according to claim 12 and that provides a treatment of
the signals received from the transducers 55, 57, like amplification, filtering, automatic gain
control, Analog-to-Digital conversion. The digitized data is provided at an output interface
towards the auto-adaptive unit 59 and a back-end device 63. Other features of the front-end
device could be a configuration interface and a power management.
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The back-end device 63 is configured to obtain the localization of a user event, like a touch,
a drag & drop, ..., out of the signals previously acquired by the front-end device 61 using a
technology like described in the introduction above and thus based on the acoustic signals
received which are compared with the predetermined set of acoustic signatures stored in a
lookup table or database.

The re-calibration unit or auto adaptive unit 59 fulfils two functions in this embodiment: First
of all, at the first use, an auto-calibration is carried out to generate the lookup table with the
acoustic signatures. This can be done at the first initialisation or any time the back end
device 63 instructs the auto adaptive unit 59 to do so. Second, the component is configured
to automatically recalibrate the lookup table of the interaction surface 53 upon identification
of a change e.g. due to aging, a certain temperature range, following integration of the
device into another device or any other change that may affect the mechanical and thus the
acoustic behaviour of the interaction surface 53. The device 51 can also be configured to
carry out the re-calibration upon request from a user or from the back-end device. It could
also be carried out regularly, e.g. on a periodical schedule.

The auto-adaptive device 59 uses the method described above with respect to the first
and/or second embodiment and which can determine acoustic responses and thus also
signatures at any location65 over the area of the interaction surface 53, from a set of
acoustic responses experimentally acquired on the borders 67 of this area. To be able to
apply the predetermined excitations at excitation locations 69, at least one actuator (four
actuators in this embodiment) is attached to the backside of the interaction surface 583.
These actuators convert electric signals generated by the auto-adaptive device 59 into
elastic waves that propagate in the interaction surface 53. The actuators 71 can be
piezoelectric transducers, capacitive piezoelectric transducers, magnetostrictive
piezoelectric transducers, electromagnetic piezoelectric transducers, or the like, for the
transducers 55 and 57 which serve as sensors. The coupling between the actuators 71 and
the interaction surface is achieved by a fastening device that can be tape, glue. The auto-
adaptive device can be a standard microcontroller and eventually integrated into the front-
end device 61, the back-end device 63 or on an ASIC chip integrating the three functions.

Finally, the touch sensitive device 51 can be connected to a computer 73 or any other
suitable electronic device, e.g. a handheld electronic device, which receives the locations of
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touch events or impacts from the touch sensitive device as input values which can be used
to control applications of the computer 73.

The auto-calibration feature of the touch sensitive device 51 functions the following way: At
the first switching on of the system, the auto-adaptive device 51 is in charge to build the
lookup table in order to turn the surface of the object into an touch sensitive interaction
surface 53. This process is the following: a) the auto-adaptive device 51 sends a signal to
each actuator 71 iteratively to make the object vibrate, b) the acoustic responses based on
the acoustic signals of the transducers or simply the acoustic signals are iteratively acquired
through the front-end device 61 and/or the auto-adaptive device 59 and sent to the auto-
adaptive device, based thereon c) the auto-adaptive device 59 builds the acoustic signature
subset corresponding to the actuator’'s 71 location, d) the auto-adaptive device 59 builds the
lookup table from the subsets of acoustic signatures determined for all actuator locations 71
and e) the back-end device 63 stores it to its memory, finally f) the auto-adaptive device 59
informs the back-end device 63 that the system is ready.

The re-calibration feature of the touch sensitive device 51 functions the following way.
During the whole life of the system, the auto-adaptive device 59 is in charge to monitor the
integrity of the interaction surface 53 to identify potential drifts due to a change In
environmental conditions and usage. As the back-end device 63 is permanently waiting for
user events, the re-calibration process should preferably run in the background, in order to
minimize interruptions of the recognition process. For instance upon detection of a drift or at
the lapse of a predetermined recalibration duration, the re-calibration is trigged. After such a
triggering, the back-end device 63 stops and the auto-adaptive device 59 can send signals
to the actuators 71. In fact, the process to re-calibrate and update the lookup table does not
need to be in real time, it can be performed in the background without having to interrupt a
user. Thus, the signal emission can be interrupted by the back-end device 63 at any time,
e.g. in case of a sudden user event, and then be continued without losing the re-calibration
computation done before the interruption. During re-calibration, essentially the same steps
are carried out as during initialization. To update the lookup table, the old signatures are
overwritten with the new ones. Eventually a trace can be kept of the changes to be able to
analyze the changes, e.g. to identify the source of a change in the lookup table.
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The embodiments of this invention provide a method that is used to determine acoustic
signatures at any point over an area to be turned into a sensitive object, from a set of
acoustic responses acquired at other locations, in particular on the borders of this area.
With this inventive concept, the following advantages compared to the prior art can be
achieved: It can reduce the number of acoustic responses necessary to acquire the
acoustic signatures, namely typically to a few hundreds or even less instead of several
thousand, it enables the fast acquisition of the lookup table, namely a few minutes instead
of several hours, it furthermore enables to have a dedicated lookup table for each piece and
it functions with any kind of material (glass, plastic, wood, metals, etc.) and shape (flat &
curved panels, complex 3D surfaces). In addition, with the method, the integration
constraints (as each piece has its dedicated lookup table, sensitivity to integration
constraints is lower) can be lowered. A further major advantage is that it becomes possible
to carry out auto-calibration (i.e. it is capable of building its own lookup table) and re-
calibration (i.e. it is capable of adapting its own lookup table if required, to compensate, for
example, wear, scratches, aging, temperature, integration drifts).

The third and fourth embodiment are explained for two transducers, nevertheless the
invention can be carried out with only one transducer or more than two.
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CLAIMS

A method for determining an acoustic response attributed to a location of an impact, in
particular a touch event, on a surface of an object including at least one transducer
comprising the steps of:

a) receiving an acoustic signal from at least one transducer, wherein the signal
corresponds to a predetermined excitation (E) at at least one location on the
surface;

b) determining an acoustic response based on the acoustic signal received in step
a); and

c) determining the acoustic response attributed to at least one location on the
surface different to the location of the predetermined excitation based on at least
two different acoustic responses determined in step b).

The method according to claim 1, wherein the acoustic signals are received from at
least two transducers and the acoustic signals correspond to at least one
predetermined excitation at at least one location on the surface.

The method according to claim 1, wherein the acoustic signals are received from at
least one transducer and the acoustic signals correspond to predetermined excitations
at at least two locations on the surface.

The method according to at least one of claims 1 to 3, wherein the predetermined
excitation is applied at a location that is positioned in a border region of the surface of
the object, in particular in the border region of a part of the surface of the object
serving as a touch sensitive input area or even outside that area.

The method according to at least one of claims 1 to 4, further comprising a step d) of:
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determining acoustic responses at a plurality of locations on the surface different to
the at least one location of the predetermined excitation based on the acoustic
response determined in step b).

The method according to at least one of claims 1 to 5, further comprising a step e) of:

gathering the acoustic responses determined at a plurality of locations on the surface
different to the locations of the predetermined excitations in step d) to form a lookup
table.

The method according to at least one of claims 1 to 6, further comprising a step f) of:

selecting only acoustic responses, determined during step b) for carrying out step ¢),
that satisfy predetermined criteria, in particular, concerning, at least one of, signal-to-
noise ratio and/or coherence of the measurements.

The method according to any one of claims 1 to 7, further comprising the steps of:

g) determining a first representative function based on the distance between an
auxiliary location, which is positioned away from the Ilocation of the
predetermined excitation and the locations on the surface different to the
location of the predetermined excitation, and the location on the surface different
to the location of the predetermined excitation;

h) determining a second representative function based on the distance between
the auxiliary location and the location of the predetermined excitation;

i) computing the ratio between the first representative function determined in step
g) and the second representative function determined in step h);

i) repeating step g) for each location on the surface different to the location of the
predetermined excitation and for each auxiliary location; and

K) repeating step h) for each location of the predetermined excitation.
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The method according to at least one of claims 1 to 8, wherein the auxiliary locations
are outside the surface and away from each location of a predetermined excitation
and away from each location on the surface different to each location of a
predetermined excitation.

The method according to at least one of claims 1 to 9, further comprising a step j) of
repeating steps a) to ¢), in particular on demand and/or on a regular basis.

The method according to claim 10, further comprising a step m) of comparing the
acoustic response with a previously determined acoustic response corresponding to
that location on the surface, in particular, the acoustic response corresponding to that
location on the surface of the lookup table.

The method according to at least one of claims 1 to 9, wherein the predetermined
excitations are provided such that the spacing A between two neighbouring locations
of predetermined excitations satisfy the relation A < 1.2 A, in particular 0.5A A < 1.2 A,

or [20-vHp "
\/;)- —Ehz—-— , WIS

L

more in particular 0.9 A < 1.0 A wherein A is proportional to

the angular frequency; in particular the maximum frequency of interest, of the acoustic
signals from the transducers, E, v, p and h are properties of the object, being

respectively the modulus of elasticity, the Poisson’s ratio, the density and the
thickness.

The method according to claim 12, wherein the predetermined excitations are

provided such that the spacing A satisty the relation 0.5A < A < 1.2A, in particular,
0.9A <A £ 1.0A.

The method according to at least one of claims 1 to 13, wherein the predetermined
excitations are provided such that the number of locations of the predetermined
excitations per wavelength of the acoustic signal, in particular per minimum
wavelength of interest, is more than one, preferably, between three to six.
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The method according to at least one of claims 1 to 14, wherein the at least one
transducer is located on the axes of symmetry of the surface of the object.

The method according to claim 15, wherein the surface is shaped to be rectangular,
the at least one transducer is located on at least one axes of symmetry of the
rectangular surface and the predetermined excitation is provided at locations of every
second quadrant of the rectangular surface.

The method according to at least one of claims 1 to 16, wherein the locations of the
predetermined excitations are randomly arranged.

The method according to at least one of claims 1 to 17, wherein the locations of the
predetermined excitations are formed in at least two rows, in particular, such that the
spacing between the locations in a first row are different with respect to the spacing
between the locations in a second.

A computer readable medium including computer executable instructions stored
thereon for performing the method of at least one of claims 1 to 11.

A touch sensing device comprising:

an interaction surface;

at least one transducer; and

a control means for receiving an acoustic signal from at least one transducer, wherein
the signal corresponds to a predetermined excitation (E) at at least one location on
the interaction surface; for determining an acoustic response based on the received
acoustic signal; and for determining the acoustic response attributed to at least one
location on the interaction surface different to the location of the predetermined
excitation based on at least two different acoustic responses determined based on
the received acoustic signal.
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The device according to claim 20, wherein the control means is configured to receive
acoustic signals from at least two transducers and the acoustic signals correspond to
the predetermined excitation at the at least one location on the surtace or wherein the
control means is configured to receive acoustic signals from the at least one
transducer and the acoustic signals correspond to predetermined excitations at at
least two locations on the surface.

The device according to at least one of claims 20 to 21, wherein the control means is
configured to determine acoustic responses at a plurality of locations on the surface
different to the at least one location of the predetermined excitation based on the

received acoustic response.

The device according to at least one of claims 20 to 22, wherein the control means is
configured to gather the acoustic responses determined at a plurality of locations on
the surface different to the locations of the predetermined excitations to form a lookup
table corresponding to the locations on the surface.

The device according to at least one of claims 20 to 23, further comprising:

a re-calibration unit for re-determining an acoustic response, in particular on demand
and/or on a regular basis.

The device according to at least one of claims 20 to 24, wherein the re-calibration unit
is configured to compare the acoustic response of the lookup table corresponding to
the location on the surface to the one of the newly determined acoustic response.

The device according to at least one of claims 20 to 25, wherein the re-calibration unit
further comprises at least one actuator at the location of the predetermined excitation
such that the predetermined excitation is applied at one location of a predetermined
excitation by the at least one actuator.

The device according to claim 26, wherein the at least one actuator is positioned at
the border of a region of interest of the surface of the object.
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Touch sensitive device calibrating system in particular comprising the device
according to at least one of claims 20 to 27, and further comprising:

an input/output unit configured to communicate with the at least one transducer and/or
with the control system;

an excitation means for providing the predetermined excitation (E) at at least one
location on the surface, wherein the excitation is provided by a mechanical contact
between the excitation means and the surface; and

a positioning means configured to locate the excitation means at the at least one
location on the surface such that the excitation means provides an excitation at the at
least one location on the surface, and wherein the control means is configured to drive
the actuator, and

control means to carry out the method according to one of claims 1 to 19.

The device according to claim 28, wherein the input/output unit is configured to
receive an acoustic signal from the at least one transducer.
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