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ABSTRACT

In the present paper, a touchscreen device is proposed, based on guided wave reflection and transmission induced
by the presence of an object. The principle uses the advantages of other acoustic waves devices in terms of
simplicity and applicability to any thin surface but is not subject to classical drawbacks (single-touch, sensitivity
to scratches or contaminant, impossibility to follow motion of contact point). The theoretical interaction of guided
waves with a contact impedance are first derived in order to define the requirements of the sensor in terms of
frequency range, mode, sensor type and location, and embedded electronics. Design criteria and experimental
validation on a small prototype (300 x 300 mm) are proposed to demonstrate the potential of the approach for
simple, robust and reliable contact detection and contact pressure estimation of point-like or extended objects
for consumer electronics or biomedical applications.
Keywords: Touchscreen, Pressure sensor, Guided waves, Embedded electronics

1. INTRODUCTION
The popularity of smartphones, tablets, and many types of communication devices is driving the demand and
acceptance of common touchscreens for portable and functional electronics.1 In the medical field and in heavy
industry, touchscreen devices are also widely used as replacement of keyboard and mouse systems for accurate
interaction by the user with the displays content.2 Amongst existing applications, touchscreen derivate products such as pressure mapping systems are also used in biomedical research in order to determine weight balance
of humans or animals and determine the efficiency of a treatment during the clinical phase of drugs development.3
Three different technologies have been proposed since the 60’s for touchscreen devices, namely electrical,
optical and mechanical (acoustic) solutions.2 Electrical solutions (capacitive and resistive) are widely used in
consumer electronics for their flexibility of use but require expensive manufacturing in controlled environment
since a matrix of transparent and conductive electrodes is inserted between two layers of glass or polymer.4
Optical solutions (infrared or imaging) are more and more used for large screens and applications that require
an extreme transparency. Those two technologies however do not allow measuring the contact pressure or extent
and can only inform the user on the presence of contact point (single-touch or multi-touch).
In order to estimate the contact pressure, acoustic solutions must be envisioned. Surface Acoustic Waves
(SAW) technology5 uses high-frequency ultrasonic waves (above 1 MHz) by measuring the absorption of waves
due to the presence of a contact. However, applications of SAW are very sensitive to contaminants on the surface
(liquid, scratches) that produce false contact information. Moreover, multi-touch and extended contact cannot
be taken into account, such that this technology is considered as obsolete. In the 2000’s, acoustic pulse recognition6 has been used to monitor acoustic impact sound (below 30 kHz) produced by a contact as in Acoustic
Emission (AE). This technology allows using a reduced set of transducers (2 piezoceramics located at the corners) but is unable to monitor contact points after the initial touch, i.e. in the case of a motionless or sliding finger.
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In the present study, a novel touchscreen device is proposed, based on ultrasonic guided wave reflection and
transmission induced by the presence of an object. The approach uses the advantages of other acoustic waves
devices in terms of simplicity and applicability to any thin surface but is not subject to classical drawbacks since
it can follow the motion of contact point after the initial impact.
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Figure 1. Principle of the touchscreen application based on guided wave interaction with an object in contact.

The principle of the sensor, described in Fig. 1, is to send an ultrasonic guided wave into a host structure and
measure its response at different locations. In the absence of a contact, the reflections induced by the edges are
observed. However, in the presence of a contact, local reflection is induced and modifies the measured vibration
field. The idea is then to compare the measured response at the sensors with a database in order to retrieve the
contact location and impedance value, since the reflection amplitude is directly related to the contact impedance.
The concept of using Lamb in an intermediate frequency range (20 - 500 kHz) waves instead of low frequency
acoustic waves6 or high frequency surface acoustic waves5 has been first proposed7 and patented by the authors.8, 9
In the same time, an equivalent system has also been patented.10 The numerical modelling of the similar sensor
can be found in11 but the application to real-time contact detection has not been demonstrated so far. In the
present paper, the analytical modelling, implementation of a dedicated electronic platform and demonstration
of real-time contact imaging is proposed.

2. GUIDED WAVE INTERACTION WITH A CONTACT IMPEDANCE
2.1 Contact impedance modelling
A local contact on a thin structure of thickness 2h is responsible for two different effects. On the one hand, the
object creates a local static deformation of the host structure which is highly related to the Young’s modulus
of both structures and the applied pressure. However, the local change of thickness corresponding to the interpenetration distance is not important (few microns for normal use conditions), even on a very flexible structure.12
In this case, the propagation of ultrasonic guided waves should not impaired by the change of thickness and no
local reflection should be induced.
On the other hand, the local contact creates a local change of the surface stress field, such that the propagation
of guided waves is locally modified. The contact applied over a surface ∆S can be described as a local contact
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Figure 2. Scheme of the considered geometry for calculation of reflection and transmission induced by an contact impedance
of a finite dimension ∆x.

impedance matrix Z(ω) as described in Fig. 2. In the present paper, the contact with small objects (pencil,
finger, animal paw) on a thin structure is considered, such that the applied pressure at the contact can be
neglected. Under this assumption, non diagonal terms of the impedance matrix can be neglected and the contact
impedance matrix can be considered diagonal and the diagonal terms are both equal to the normal surface
contact impedance Zn (ω) that is classically modelled as a mass M , a normal contact stiffness term K and a
contact damping factor ξ:
Zn (ω) =

M ω 2 − K(1 + jξ)
jω∆S

(1)

In the present paper, the influence of added impedance on the guided wave propagation is first studied in
order to characterize the induced reflection and transmission coefficients. In the following sections, the term
Zn (ω) is chosen as a pure negative imaginary term, representing an added mass only and thus neglecting the
stiffness and damping effects of the contact for clarity, since in the case of a fingertip, only the mass effect is
observed above 1 kHz.13

2.2 Reflection and transmission in the presence of a contact impedance
As presented in,7 the influence of the contact impedance can be non-dimensionalized by considering the coefficient
Γ defined as follows:
jωZn (ω)
M ω2
Γ(ω) =
≈
(2)
µ
µ
where µ denotes the Lam coefficient. In this section, the calculation of reflection and transmission induced by
the contact impedance Zn (ω) is considered in the case of a semi-infinite contact region. In order to derive the
reflected and transmitted coefficients, the continuity of in-plane ux (0, y) and out-of-plane uy (0, y) displacement
fields evaluated at x = 0 is considered, as classically proposed in.7, 14
In Fig. 3, it appears that mode reflection is strongly dependent on the applied contact impedance and frequency but the same tendencies are observed independently on the considered incident mode. As mentioned
previously, high values of parameter Γ correspond to a quasi-clamping condition and lead to a quasi perfect
reflection of the incident mode (A0 or S0 modes). The transition between no reflection and perfect reflection
is observed between Γ = 10 and Γ = 10000 depending on the frequency. Mode conversion also increases with
respect to frequency but is limited (3% and 1.5 % for A0 and S0 incident mode respectively) and not presented
here for clarity.

3. IMPLEMENTATION FOR CONTACT DETECTION AND LOCALIZATION
3.1 Contact detection and localization
In order to retrieve information on the contact location and applied contact impedance, an imaging procedure is
required. The principle is to divide the sensitive surface into a grid of observation points and to determine the
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Figure 3. Reflection coefficients in the case of incident A0 mode (left) or S0 mode (right) as a function of nondimensionalized contact impedance Γ and frequency.

probability of presence of a contact point at each of the points of the grid. Common imaging algorithms used
with guided waves are based on Time-of-Flight (ToF) analysis of the reflected wave, such as Delay-and-Sum,15
assuming a simple non dispersive single-mode propagation. Recently, a correlation-based method has been proposed for Structural Health Monitoring16 or Non-Destructive Testing,17 allowing to take into account dispersive
and multi-mode propagation, transducers coupling and complex interactions with reflectors.
However, this model-based imaging algorithms assumes that the structure, edge reflections and transducer
dynamics can be accurately modelled. In order to reduce the localization errors and take into account the dedicated electronics, an experimental database is used instead. For this purpose, an automated test bench has
been developed in order to apply a calibrated contact impedance to different points of the structure. This allows
constructing the signal database that contains the contact signature over a given grid of observation point. In
the present case, a grid of 150 x 150 points for a precision of 2 mm in the contact imaging is used. For a given
design (electronics, host structure, transducers), this signal database is required once and can be done with a
resolution up to 0.5 mm.
Once the database is constructed, the correlation between the signals in the database and the measured signals
is performed using a Generalized Cross-Correlation (GCC) formalism18 that allows performing the correlation
in a given frequency range. This method is a generalization of the cross-correlation in the frequency domain
that allows compensating for dispersive propagation, multiple reflections in reverberant spaces and moderate
background noise conditions.19 Thus, the imaging result I(x, y) at pixel (x, y) can be expressed as the summation
of contribution of the N transducers as follows:
N Z
1 X f2
I(x, y) =
W (f )Mi (f )Di (x, y, f )df
(3)
N i=1 f1
where f1 and f2 represent the lower and upper frequency bounds defined by the material selection and application
requirements as described in the following section, Mi (f ) represents the Fourier transform of the measured signal
at the transducer i, Di (x, y, f ) denotes the Fourier transform of the database signal at pixel (x, y) and transducer
i, and W (f ) is a frequency weighting function used in the GCC formalism. In order to determine the contact
pressure, the normalization has to be adapted and a new frequency windowing is introduced as follows:
W (f ) =

|Di (x, y, f )|

1
R f2
f1

|Di (x, y, f )|df

(4)

3.2 Material and transducers selection
Considering that the application requires transparency, only polymers or glass could be used. Moreover, in order
to achieve high sensitivity to small contact pressure, the Lam coefficient µ should be selected as low as possible,
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while keeping the damping ratio (loss factor) as low as possible. For this reason, a 0.5 mm polycarbonate film
sheet has been selected. For a biomedical application, masses in the range of 1 to 100 g are considered for a
contact area smaller than 10 mm x 10 mm (typical rodent paw contact area), corresponding to a local pressure
of approximatively 0.1 to 10 kPa. As described in Fig. 3, the guided wave reflection occurs for 100 < Γ < 10000.
In order to get maximal reflection for the maximal mass and no reflection for the minimal mass, the frequency
range is derived combining Eqs. 1 and 2. For the considered glass plate, the optimal frequency range would
thus be 20-80 kHz, representing a wavelength range of 15 - 2 mm for A0 mode. This frequency range is thus
used for computation of the correlation coefficient described in Eq. 3, allowing discarding the contribution from
background vibration in the audible range.
Piezoceramic transducers are used for generation and sensing of guided waves due to their small footprint,
low cost, high temperature stability and ease of use. The transducer size selection is based on mode-tuning for
desired wavelength.20 Since the precision of the imaging technique is partially related to the wavelength, A0
mode is selected. In the present case, a standard 5 mm diameter piezoceramic can be used in order to maximise
the energy transferred to the glass plate around 80 kHz. In the present application, 8 piezoceramics are used (4
actuators plugged in parallel and 4 sensors) and placed at the edge of the considered sheet in order to minimize
the total footprint of the transducers and maximize the detection area, as presented in Figs. 1 and 4.
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Figure 4. Photography of the 300 x 300 mm prototype (left) and zoom on a piezoceramics (right).

3.3 Embedded electronics
For this purpose, a dedicated electronic platform has been developed in collaboration with UNGAVA Tech. The
platform includes a high voltage pulser (100 V peak) for the actuator, 3 parallel ADC lines for acquisition at 10
MHz and the imaging process is handled by a Zynq Z-7010 composed of a FPGA and an ARM Cortex 9 embedded
in a single chip with shared memory, allowing to split the tasks between both parts of the micro-processor. For
instance, the acquisition of 1 ms, averaging of 10 repetitions and Fast Fourier Transform is performed on the
FPGA side while the correlation, contact imaging and host PC communication are implemented on the ARM
for simplicity.
Considering a 150 x 150 grid, the correlation is executed in the frequency domain using GCC formalism, as
described in the previous section. Real-time correlation of the measurement with the whole database signals is
achieved in approximatively 30 ms, such that real-time imaging is obtained. Imaging results are then transmitted
to a host PC using a USB 2.0 connection and display is performed on a screen underneath the touchscreen.

4. EXPERIMENTAL ASSESSMENT
4.1 Contact localization
The validation in the case of point-like contact is performed using a circular mass of 25 g and 10 mm diameter.
Fig. 5 presents the imaging results over the whole touchscreen in the case of two zones as presented in Fig. 4. In
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all cases, only a zoom around the regions of interest (30 x 30 mm) is presented in order to describe the precision
and spatial extent of the imaging.
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Figure 5. Imaging for a 10 mm diameter contact at two different locations.

In Fig. 5, it appears that a very precise localization of the contact point is achieved in both cases, and more
generally, single contact localization without any drift is observed on the whole surface, even at the edges of the
plate. The imaging over the whole area exhibits no false positive using a fixed threshold.

4.2 Sensitivity
In order to characterize the sensitivity of the proposed method, the measured correlation coefficient using Eq. 3
is estimated for different contact pressures and presented in Fig. 6.
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Figure 6. Sensitivity analysis at the zone 1 (top) and zone 2 (bottom).

In Fig. 6, it appears that a linear tendency is observed for the metrics as a function of the log of the contact
pressure. This tendency is in accordance with the observations of Fig. 3 that suggest a linear behavior for Γ
between 10 and 10000, while a saturation effect occurs above 10000, corresponding to approximatively 2 kPa in
the present case. Below 30 Pa, the background noise impairs the measurement and limit the sensitivity of the
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sensor. However, this value is relatively small and corresponds to 250 mg distributed over a circle of 10 mm
diameter. The sensitivity analysis at two locations is presented here in order to demonstrate the independence
with respect to the contact location. Indeed, the linear tendency has approximatively the same slope at the two
locations and only a small variation of the metrics obtained at 1 Pa is observed.

4.3 Repeatability

CONTACT PRES. (a.u.)

In order to assess the drift and repeatability of the method, the extraction of the contact pressure as a function
of time is performed at a sampling frequency of 100 Hz. Results of the drift and repeatability are presented in
Fig. 7.
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Figure 7. Drift over a long time (top) and repeatability over 10 measurements (bottom) in the case of a 25 g mass.

In Fig.7, it appears that a negligible drift can be observed over a 3 min period, with a small increase of 0.9
% per minute. The observed variability (standard deviation) over this period is around 2.5 % over the 180000
samples. Looking at the results of repeatability in the case of multiple repetitions, a small deviation of 5 % is
observed over the whole acquisition time.

5. CONCLUSION
In the present paper, a novel contact pressure sensor is proposed, based on guided wave reflection induced by the
presence of an object. The principle uses the advantages of other acoustic waves devices in terms of simplicity and
applicability to any thin surface but is not subject to classical drawbacks (single-touch, sensitivity to scratches
or contaminant, impossibility to follow motion of contact point). Design criteria and experimental validation
on a small prototype (300 x 300 mm) are proposed and demonstrate the potential of the approach for simple,
robust and reliable touchscreen applications for consumer electronics or biomedical applications.
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